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Few new instruments have been ac
cepted as quickly and as widely as has
the frequency synthesizer, and few have
prompted so many inquiries about their
characteristics and capabilities. This month's
Experimenter responds to the growing
interest in synthesizers with four articles:
In the first, Dr. Atherton Noyes, who
directs GR's synthesizer development, tells
how synthesizers can be used to measure
the frequency stability and phase noise of
other frequency sources. This is followed by
a discussion of the phase noise of the
synthesizer itself. A new sweep and marker
generator for the synthesizer is described
in the third article. Finally, the synthesizer
is seen solving a problem in production
line testing - the precise, direct measure
ment of the delay of a solid ultrasonic
delay line.

The 1160-series frequency synthe
sizers, in addition to serving as versatile
frequency sources, can be used to track
and to record frequency variations in
other frequency sources. I This is so
because the frequency of the continu
ously adjustable decade (CAD) can be
smoothly controlled manually and elec-

trically. By making use of this capability
one can maintain exact equality be
tween the frequency under investigation
and an adj ustable and precisely known
standard.

Precision measurements of frequency
by establishment of approximate equal
ity between an unknown and a fixed
standard and observation of variations
in the beat frequency between them
have been common practice for many
years. For high-precision comparisons,
the beat frequency is usually measured
in terms of rate of change of phase, over
minutes or hours.

The task of measuring phase drift
between a fixed-frequency standard and
an unknown frequency and translating
it into frequency error is laborious, and
the results often yield only an average
over a relatively long time interval. A
synthesizer, on the other hand, provides
a highly precise standard frequency
that can be continuously adjusted to

• iHuch of the material in this paper was presented at the
21st Annual rs.-\ Confercnce in New York on October 27.
1966.
1 Atherton Noyes, Jr., "Coherent Decade Frequency
Synthesizers," General Radio Experimenter, September
19G4, page I!.
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maintain an exact, zero-beat match
with an unknown. For manual control,
a Lissajous figure on an oscilloscope
is a convenient indication of exact
zero beat (zero rate of change of phase).
A frequency difference of only a milli
hertz, for example, is apparent within
a few seconds of observation.

However, it is usually easier to com
pare the two signals in a phase detector
that, for a phase difference of 90°,
produces a de output of zero volts (on
which are superimposed the effects of
random phase fluctuations - II phase
noise" - in both of the eompared
signals). An unchanging de component
of the phase-detector output indicates
that the frequencies are equal; also,
aoy ae components indicate phase noise
direetly.

By using a voltage-tunable frequency
synthesizer one can set up a closed
servo-loop frequeney control to main
tain zero frequency difference in the
presence of drifts and fluetuations of
the signal under examination.:\lost
suitable for such applications is a syn
thesizer that, like the GR I \GO-series,
uses a series of repetitive circuit mod
ules to synthesize an output frequeney

to any desired fineness of resolution,
and that includes a continuously ad
justable voltage-eontrolled oseillator
which can replace a step digit unit at
any chosen rank.

Figure 1 is a simplified block diagram
of such a synthesizer. Each digit unit
proeesses the signal passing through
the train in such a way as to reduee by
a faetor of 10 any frequeney variation
occurring in its input signal. So, if the
eontinuous oscillator feeds the first of,
say, seven digit units, the variation in
output frequency from the train is only

1~7 the variation in the starting sig

nal from the continuous oscillator.
A change of 100 Hz in the oscillator
thus produees a ehange of only
100 X 10-7 Hz, or 10 mierohertz, at
the output.

Conversely, if the synthesizer is
constrained to adjust its output fre
quency smoothly to maintain exact
equality with a second, perhaps slightly
unstable, frequency by variation of the
continuous oscillator, then a drift of
only 10 mierohertz in the unknown will
produce a IOO-Hz change in the con
tinuous oscillator.
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Since the total tuning range of the
continuous oscillator used in such a
system is always the same, no matter
which decade the oscillator replaces,
simple switching allows selection of the
propcr magnification for the task at
hand. Circuits for monitoring the con
tinuous oscillator are not affected by
such switching.

Figure 2 is a diagram illustrating
frequency tracking by this tcchnique.
The unknown frcquency j, and the
synthesized output are here maintained
equal in frequency by thc phase-lock
loop, which includes the voltage-con
trolled oscillator (I'CO) at the start of
the synthesizcr train. Resulting fre
quency changes in the lOCO are moni
tored as shOll'll. :\otc that a changc of
1 part in 10'" in j. (1.04 - - - millihcrtz)

produces a very easily measured change
of 1.04 - - - kHz in the ITO frequency,
in the example illustrated here. In this
example, the standard frequency is
offset by a fixed frequency of 10 ~IHz.

Such frequency translation is sometimes
useful for achieving a frequency match
at frequencies outside the band of the
synthesizer, or for obtaining higher
resolution with the available number of
digits in the synthesizer.

There are obviously a great many
ways in which Aj of the FCO can be
measured or recorded. 'The method we
have used at Gil is diagrammed in
Figure 3. This setup makes use of the
fact that, in the IIGO series of GR
synthesizers, internal circuits compare
the output frequency of the CAD
(Continuously Adjustable Decade) with

CAD CONTROL

D 1 UNITS
, CAD

00000000
CAO PUSHBUTTON$

BEAT OUTPUT

,--..,
:x95t-- fx
"\

OPTIONAL
;- -:/FREOUENCY
:~f>: MULTIPLIERS
:... ( OR TRANS-

fs LATORS I

NOTE 
"BEAT"CHANGES
10 k Hz PER STEP
OF 01 UNIT
AT ACTUATED
BUTTON

Figure 3. Block dio_
gram iIIustroting the
use of 'he internal
frequency -comparison

circuits.
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the frequency generated by the digit
insertion units that it functionally re
places by push-button selection, and the
resulting beat-note is available at the
BEA'f terminals,' The CAD frequency
can be tuncd manually and can be
voltage-controlled about the manual
setting, If the frcquency of the CAD
exactly matches that of the replaced
digit units, the BK\'I' output frequency
is zero. If the setting of the digit unit at
the actuated button is then changed one
step, the beat signal changes by exactly
10 kHz. (There is no change in the
main output frequency,) This feature
permits establishment of a convenient
reference-offset to gi\'e sense informa
tion about frequency drifts, while the
phase detector maintains exact equality
of the compared signals.

The analog freq Uf>I1CY meter shown
in Figure :3, together with the graphic
level rcrordcr, can he adjustf'd for

center-of-chart pen positions when the
input to the frequency meter is 10 kHz.
Hence, positive or negative frequency
drifts of .r. are unambiguously traced
on the recorder chart, with the chart
center line exactly corresponding to
the dialed synthesizer frequency, The
scale factor of the recording can be
changed in decade steps by actuation
of the synthesizer pushbuttons and in
smaller amounts by adjustments of the
recorder sensitivity. Frequency shifts
are also visually displayed by the
frequency meter.

Figures 4 through 8 show illustrative
recordings. For these recordings) the
5-l\fIlz synthesized standard frequency
was taken directly from the output of
the digit-unit train (via the output
amplifier, by means of an internal
jumper change), This translational
change of .j 1'1 Hz provides onc extra
I Ibid.



digit of resolution and a somewhat
lower-noise signal than is available
directly from higher-frequency syn
thesizers.

Figure 4 shows a system check. The
frequency used as the standard to
phase-lock the synthesizer is also con
nected to the f. input. Ideally, the
recording should be an undisturbed
straight line at I>fIf = O. Actually, occa
sional small phase jumps occurring in
the synthesized channel produced un
correlated disturbances recorded as a
few parts in 10".

For each recording of Figure 5, two
separate precision oscillators were used,
one to phase-lock the synthesizer and
the other as f•. The lock signal f, was
provided by the General Radio Bolton
Plant standard, by way of the plant
distribution system. For the left-hand
trace, a typical 1115-B Oscillator was

January 1967

used as f. and recorded against this
standard. In the right-hand trace, a
somewhat less stable oscillator sup
plied f •. The difference in short-term
behavior is quite apparent. Note that
for both traces one major division
represents 1 part in 1011. The time
scale is 30 seconds per division.

For the recordings of Figures 4 and
5, the recording bandwidth was en
hanced by frequency multiplication of
both channels to 100 l\lHz before the
phase detector. By this process the
phase-lock bandwidth was increased
to ± %" Hz, at a sensitivity of 10-11

per division l and to ten times this, or
±2Yz Hz, at 10-10 • (To measure lock
bandwidth, the manual tuning control
of the CAD was moved to the high and
low limits of the lock range, as indicated
by the phase-detector monitor. This
CAD dial range, multiplied by the

""'- .~ ... ......,._,....., ....-
I~ ~I i~·

F== ~l =" .. =-
1= 10- 11 .= 30 s~ 10-u '0 • 1-0'.' 1= ..=,. . i.=== - 1=0 IT=..

. ---; '\1 . I ~ 1:£!j.

, "VW.'tL= ,-'\I ·V " '-'= im
'=+~ ~~pc >

,_c "-=0 ,j v .j
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PHASE DEl
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X20
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Figure 5. Frequency-comparison recordings of 'wo oscillators relotive to a standard used to
lock Ihe synthesixer.
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Figure 6. System-bandwidth recording, showing response to abrupt frequency steps of about 5 X 10-1°.

indicates fre
rather than
phase versus

Hz/step at the CAD functional posi
tion, gave bandwidth directly.)

Figure 6 shows the response of the
system, at 10-lO per division sensitivity,
to abrupt f. steps of about 5 X 10-10•

A time constant of about 0.2 second is
indicated, so that, at this sensitivity
setting, fluctuations at frequencies from
zero up to several hertz, as well as the
longer-period drifts that are trackable
with narrower bandwidths, can be
recorded.

The system described
quency shifts directly,
as a changing slope of

time as is customary in precision
measurements. As a further example,
Figure 7 shows immediately the fre
quency shifts that resulted when a
precision oscillator was rotated 90° in
the earth's gravitational field.

Figure 8 shows a less demanding
measurement. The behavior of a simple,
experimental crystal oscillator, sub
jected to ambient temperature changes,
is shown at two sensitivities (10-8

and 10-9 per division). High-speed
response at extreme resolution was not
required, so the two X20 multipliers
were not used.

8

Figure 7. Recording Ihowing InltCln
'ClneClUI frequency Ihifts (abClut 6
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Figure 8. Recordings showing the response of a crystal oscillator as a functian of temperature.

Use of the Setup for Phase-Noise Studies

This general setup is also useful for
observing short-term fluctuations, The
oscilloscope, which in Figure 3 was
shown connected as a dc monitor of
phase lock at the control-signal output
of the phase detector, is also a useful
indicator of high-frequency phase noise,
at all frequencies outside the phase
lock bandwidth, Such frequencies are
not degenerated by the phase lock and
appear at the phase-detector output,

The oscilloscope, therefore, can sup~

ply quantitative information on phase
jitter. The only function of the phase
lock, in this case, is to maintain f. and
f. at a 90° phase relationship, One

should keep the loop bandwidth as low
as is consistent with the stability of the
oscillator under test, in order to avoid
degenerating noise frequencies of inter
est. It is easy to calibrate the phase
deviation, Lie, in terms of the peak
value of a beat note created by fre
queney displacement of one of the
inputs, as shown in Figure 9, at the
left, If the oscilloscope gain is then
increased, under centered phase-lock
conditions, the height of the grass
measures phase jitter, as illustrated in
Figure 9, at the right, Suitnble filters
placed in the oscilloscope inpnt can
limit the noise bandwidth, as desired,
For low-noise sources, frequency multi-

()
o VOLTS DC/'!

T/I------i''',
L 1-,---+---,------"+

"

4SLOPE. II 'A
I.. J de

volls I radian

BEAT NOTE
BETWEEN fs AND fx

CENTERED PHASE· LOCK
RESTORED. AND SCOPE
VOLTAGE GAIN INCREASED
BY"N"

(.0.6) =i% RAD.
pop Figure 9. Oleillolcope calibro

lion for phole noise.
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Figure 10. Single-side phase-noise
power-density, referred to carrier.

plication before the phase detector (as
previously described) is desirable, in
order to magnify the noise prior to
detection.

A high-gain selective vol tmeter con
nected to the phase-detector output can
be used to observe sideband noise dis
tribution. Figure 10 shows a plot
of phase-noise density, as a function
of offset from signal, taken with a
GIl 1900 narrow-band wave analyzer.
More details on this type of measure
ment are given in an accompanying
artic1e. 2

CONCLUSION

Systems such as those described
above can thus be used to observe and
to record not only relatively long-term
drifts over periods ranging from seconds
to days but also shorter-period fluctua
tions at rates up to several hertz and,
additionally, higher-frequency, noise
sideband power distribution.

The synthesizer, used as an error
magnifier, can supply the total standard
signal, either directly or with multipli
cation, or it can be inserted as an addi
tive component, as circumstances dic
tate. For measurements of very high-

OFFSET FROM CARRIER

~.. ~
quality signals, translation by fre
quency addition is to be preferred, for
two reasons: First, the added frequency
component can perhaps have somewhat
lower noise than the synthesized com
ponent, so that the composite signal
may be significantly better than one
obtained by straight multiplication;
second, adding the synthesizer signal
to a large fixed component will make
available finer fractional resolution
than the synthesizer has itself.

The techniques described above have
become available with the advent of
the synthesizer. Equally good, and
perhaps better, results can be achieved
by other methods. It is worth re
emphasizing, however, that the syn
thesizer method displays instantaneous
variation of frequency, rather than of
phase, that it does so with high magnifi
cation, and that it is not necessary to
work at one of a limited number of
standard frequencies, such as 1 MHz
or 5 MHz. The synthesizer is nimble,
and it can take the measure of any
unknown, on its own ground.

- A'l'HEH1'O~ NOYES, JR.

2" Pha.se Noige in IlGJ-Serieg Frequency Synthesizers,"
this isgue, page 11.
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PHASE NOISE IN 1160-SERIES FREQUENCY
SYNTHESIZERS

The quality of a sine-wave signal
generated by an oscillator is usually
degraded by the presence in the output
of additional frequency components,
which can be classified in the following
groups:

(I) Harmonics of the desired fre
quency.

(2) Sidebands accompanying the de
sired frequency, created by modulation
of the signal by power-line frequency
components (GO Hz, 120 Hz, etc).

(3) Other nonharmonically related
sideband components. (In frequency
synthesizers, these are generally due
to the heterodyning of high-order har
monics of signals applied to one or more
of the synthesizer frequency mixers.
Such harmonics are usually gcnerated
in the mixer itself. Spurious sidebands
can also be created by signals leaking
from one part of the circuit to another,
owing to ground loops or imperfect
sbielding. )

(4) Sidebands created by random
noise modulation.

We have given much thought to the
problem of how best to describe the
quality of tbe signals generated by the
1160-series synthesizers, and we have
concluded that it is sensible to separate
discussion of the undesired sideband
components by classes as listed above.

The single-frcCiuency harmonic and
nonharmonic "spurs" are most easily
measured by means of a sharply selec-

tive receiver. This receiver may be of
conventional type, such as the Ham
marlund SPGOO; even better, it may
consist of a wave analyzer, such as
GR's TYPE 1900, used as a tunable
i-f amplifier and output indicator,
after an external mixer. For stability,
tbe local oscillator of this composite
recciver should be a synthesizer, prefer
ably with its 5-~[l-lz internal oscillator
pbase-Iocked to the synthesizer being
tested. This technique, employing such
a highly selective receiver, servcs well
to make the single-frequency measure
ments of harmonics, power-line-related
sideband components, and nonharmoni
cally related spurs (Classes 1, 2, and 3
above). Specifications on these bave
already been published in the General
Radio Catalog and in the Experimenter
(September 1964, :\"ovember-December
196,), and September 196G).

Tbe TYPE 1900 Wave Analyzer can
also serve as a high-gain selective volt-

A therton X oves re
ceived his underg~'adllate
and graduate degrees
(AB, AM, S:lI, SeD) at
Harvard Univer:,;ity.
From 1937 to 1960 he
was Oll the engineering
starT of Aircraft, Radio
Corporat.ion, He has di
rected GR's freqllency
syllt.he:,;izer development

since ]!){)O, and he is cnrrently the Croup
Leader of the Signal-Generator Gronp.
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figure 1. Equipment setup for
the measurement of phase

noise densily.

meter for measuring random-noise com
ponents at any chosen spacing from the
carrier. l\leasuremen ts made on repre
sentative groups of 1162, 1163, and
1164 synthesizers by this method are
reported here. Figure 1 shows the
experimental setup in block-diagram
form. This is merely a variation of the
selective receiver suggested above, in
which the local-oscillator frequency and
signal frequency are identical, and the
tunablc i-f amplifier and output indica
tor measures both sidebands correspond
ing to any component of frequency
modulation of the signal. (The 100-kHz
trap at the 1900 input ensures that any
100-kHz sidebands in the measured
signal are not able to leak past the input
circuits into thc JOO-kHz fixed-tuned
amplifier of the Wave Analyzer in
sufficient magnitude to affect the meas
urement.)

As shown in Figure 1, two precision
frequencies are each multiplied to 100
:-IHz (to increase sensitivity, as ex
plained below) and compared in a
phase detector. Whcn the two 100-:-lI-Iz
signals are in phasc quadrature, the
dc output of the phase detector is
zero, and the noise in the phase
detector output is "phase noise" (i.e.,
phase jitter will produce an output;
amplitude jitter will produce no out
put). The dc-couplcd oscilloscopc scrves

DC 8 NOISE
1-'~_r"CO"'PONENTS

'-_---' IOO-kHl TFl.ll,P

q
WfJ,VE

ANALVZER
TYPE 1900

:ktb
BANDwiDTH

to establish the fact that phase quadra
ture (zero dc) has been achieved and
to examine the character of the noise.
(Amplitude noise can be measured
in the same setup if the 100-MHz
signals are brought to equal, instead of
quadrature, phase. In general, ampli
tude noise is 10 dB or more lower than
phase noise.)

When the two frequencies are derived
from two similar sources, the phase
noise power observed may be assumed
to he twice that of a single source; when
one frequency is less noisy than the
other by 10 dB or more, its contribution
to the observed noise is, for practical
purposes, negligible.

The GR 1900 Wave Analyzer is used
to explore the phase-noise distribution.
A plot of phase-noise power in a I-Hz
wide band, as a function of the spacing
(in frequency) of this band from the
carrier is given in Figure 2 for the
TYPES 1162, 1163, and 1164 synthe
sizers. The noise of the reference signal
is so low that it can bc neglected. We
have used a TYPE III.;-B Standard
Frequency Oscillator as a reference
at times, and also the 5/5.1 output of a
TYPE 1161. In the latter case, the CAD
can be used for narrow-band phase
lock for convenience,'
I As dcscribed more fully in a companion article, this issue,
pa~c 3, ,. The Cse of l'reqllcncy Synthesizcrs fOf Precision
~Ica8UremCI\\.1J of Frc.wency Stability llnd Pha.se Noise."
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Figure 2. Phase-noise power-density dislribulion
in GR 1160-series synthesizers.
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produces an upper and lower sideband,
each having an amplitude relative to
the carrier of fJ/2. Since the associated
noise power is proportional to the
square of the sideband amplitude, the
single-sided noise power is 6 dB lower
than the double-sided value measured
in the circuit of Figure 1.

(This fact can be experimentally
verified by observation of a single
discrete component. For instance, if,
in the circuit of Figure I withf. = f., we
measure a 120-Hz component as, say,
-66 dB, we can then offset f. or f.
to produce a beat note in the mixer of,
say, 10 kHz and measure the sideband
spurs, relative to this lO-kHz beat
note, at 10,120 Hz and at 9,880 Hz.
These now measure -72 dB.)

It has become popular to show
"single-sided IJ noise curves like those
of Figure 2, so we have adopted this
method of presentation. The O-dB
reference level used is the TYPE 1900
indication of the level of a beat note
deliberately set up between the two

The plots of Figure 2 are calculated
from experimental data in accordance
with the following facts:

(I) When a frequency is multiplied
by a factor n, the magnitude of any
small-amplitude sideband grows, rela
tive to the carrier amplitude, by the
same factor. The "dB down" value
measured at 100 MHz must therefore
be increased by 20 log" (n) to refer the
noise to the actual synthesizer fre
quency used. If n = 20, the frequency
correction is 26 dB, and for n = 100
the correction is 40 dB.

(2) The noise power in a narrow
bandwidth is proportional to the band
width (with white noise this is strictly
true; with other types of noise, such as
the Ilf distribution that we observe
for synthesizers, it is very close to the
truth, providcd the bandwidth is small
compared with the offset frequency).
To check this fact experimentally, the
3-, 10- and 50-1-lz bandwidths of the
1900 Wave Analyzer were used at a
relatively large displacement from the
carrier, and it was confirmed that such
calculations from the data of each meas
urement produced identical values for
I-Hz bandwidth, within experimental
accuracy. For the 3-Hz bandwidth of
the 1900, then, the dB correction to
convert to I-Hz bandwidth is 10
log" 3 = 4.77 dB (rounded out to
5 dB). The 3-Hz bandwidth of the 1900
was used to obtain data for Figure 2.

(3) :\Ieasurements made ,,·ith the
circuit of Figure I include noise from
both the upper and lower sidebands
(i.e., the intermediate frequency is
zero) and corresponding noise compo
nents are coherent. That is, we are actu
ally measuring the phase displacement
H 1\lodulation Index" P, which at any
frequency (at low modulation index)

13



Note Regarding Type 1161

:\0 data on the TYPE 1161 are
presented here, because we have not as
yet made measurements in this type of
setup. Presumably the data, when ob
tained, will show the same slope, and

Given this number, one can at any
time reconstruct the curve, accurately
enough for most purposes, by drawing
a line with 10-dB-per-deeade negative
slope through the tabulated point.

It should be noted that the curves
of Figure 2 show the average of meas
urements on eight or ten production
synthesizers of each type. Individual
measurements vary about ±2 dB
around these averages.

frequency range is adequate and the
combining circuits can be properly
worked out.

A striking faet exhibited by Figure 2
is that the noise power density falls off
inversely with offset frequency. Note
that the eurves in Figure 2 have a
falling slope of 10 dB per deeade, or 3
dB per oetave. (In the 1162 and 1163
there are some small anomalies in the
region beyond a 2-kHz offset, whieh are
not yet satisfaetorily explained.)

Since this is experimentally true, it
is convenient to define the noise power
density very simply. for eomparison
purposes, by a single number, namely
the "dB down" figure at the intereept
of the lO-dB-per-deeade line with the
I-Hz offset ordinate. From Figure 2,
these figure-of-merit numbers are:

14
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100-~IHz frequencies by a small offset
of f, or .r•. The O-dB level we commonly
use is 250 mV, rms, which is well within
the linear range of the phase detector.

In summary, then, each plotted
point on the curves of Figure 2 is calcu
lated from:

dB down = observed dB down at
100 ~IHz + frequeney correetion +
bandwid th correction + correction to
single side.
If f, =.j ~IIIz, the eorrection is
26 + .'> + 6 = :17 dB.

It should be observed that to talk
in terms of II phase noise relative to 1
radian," the G-dB single-side correction
should be omitted.

It should also be noted that the
eurves of Figure 2 apply at any frequen
ey within the range of the synthesizer.
For instance, Figure 10 on page 10
shows a series of pain ts taken at 5
MHz (n = 20) and another series of
points at I ;\[Hz (n = 100) with a
typieal TYPE 116~ synthesizer. )Jote
that both sets of points fall on the
same plot. This condition exists be
eause the synthesizers are beat-fre
quency oscillators, and what we are
really measuring is the noncoherent
noise on the inputs to the final output
mixer.

The 116~ plot is about 8-dB noisier
than the plots for the 1162 and 1163.
Howe"er, the 116~ goes to mueh higher
frequencies, so that, if the output is
going to be multiplied to some still
higher frequeney (like I or 2 Crrz), the
116~, with its higher possible starting
frequency, will generally come out
ahead. If the synthesizer frequency
is to be added to some less noisy
precision mirrowa\'e frequency, the
1162 or IIG:\ will produee a slightly
better resUlt, provided the available

Synthesizer

1164
1163
1162

X oist Power Density
at I-Hz Offset

-76 dB
-84 dB
-85 dB



a I-Hz intercept 20-dB lower (theoreti
cally) than the TyPE 1162, or about
-105 dB. (This is not yet a measured
value, however.)

For most purposes, noise data on the
1161 arc not as important as data for
the others, since such information is

January 1967

chieHy of interest where frequency
multiplication of the output signal is
planned. We do not expect many such
applications for the 1161 (or for the
1162, for that matter), in view of the
availability of the TYPES 1163 and 1164.

- ATHERTO~ ::\OYES, JR.

Figure 1. Type 1160~P2 Sweep and Marker GenerQtor.

A SWEEPER FOR GR SYNTHESIZERS

The introduction of the 1160-P2
Sweep and ~IarkerGenerator (Figure 1)
extends the usefulness of the already
versatile General Radio Synthesizers
by providing a convenient means of
varying the synthesizer output fre
quency at a controlled known rate and
through an accurately known range.
The instrument also supplies markers
for easy visual monitoring of the con
tinuous band of frequencies generated.
Several additional features facilitate
frequency-response testing of active and
passive networks and frequency-selec
tive instruments. These include a wide
choice of automatic sweep speeds, a
calibrated center-frequency marker, ac
curate adjustable side markers, and a
simple means of expanding the sweep

coverage about any stahle synthesized
center frequency.

To understand the way in which the
sweeper operates, remember that the
continuously adjustable decade (CAD)'
in G I, synthesizers can be functionally
substituted for all step-digit modules
below a chosen rank, and that the
frequency of the CAD can be varied by
an external control voltage of approxi
mately 0.:3 volt per CAD major division.
In each synthesizer, built-in monitor
circuits permit calibration of the CAD
frequency against the frequency gen
erated by the replaced digit modules.
In addition, the deviation of the CAD
frequency from that represented by the
1.'\t1lertOll Noyes. .Jr., "COherellt Decade Frequency
Svnthesi7.ers," General Radio 8xperi men/er. September
IUG-!.
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replaced digit dials is continuously
monitored and is available at the
synthesizer BEAT terminals. This con
tinuous monitoring can be used to
produce an accurately defined center
frequency marker and side markers
indicating known deviations from cen
ter frequency.

In usc, the Sweep Unit is connected
to any GR synthesizer and to a display
device. A storage oscilloscope is es
pecially desirable at lower sweep rates.
All input and output connections arc
available in parallel at both the front
and rear of the Sweep Unit, to suit the
requirements of any setup.

The sweep voltage supplied to the
EXT CAD control input to vary the CAD
frequency has a triangular waveform.
The resulting sweep amplitude is con
tinuously adjustable from ±l CAD
division to ± 10 CAD divisions by the
FREQ EXCURSION con trol. A synchro
nized sweep voltage, of constant am
plitude, is available for horizontal de
flection of the display device. The tri
angular, or two-way, sweep control
permits the user to observe the effects
of the sweep time on the response of the
device being tested. Xine one-way
sweep times, ranging from 20 milli
seconds to sixty seconds, are provided.
If narrow-band devices are swept at a

faster rate than the response time will
accept, a characteristic leaning of the
response display will be easily detected
visually, since the forward and back
ward traces will lean in opposite direc
tions and fail to coincide.

When the function switch is in the
MANUAL position, the frequency sweep
and the synchronized deflection-vol
tage sweep are manually controlled,
and the sweep follows the position of
the MANUAL control. '1'his mode is some
times useful for close examination of a
critical portion of a response. With the
CAD FREQ EXCURSION control, one can
change the swept frequency coverage
without changing the display width and
without ajfecting the selected center fre
Quency. Markers always indicate actual
frequency and move as required when
sweep excursion is changed.

An internal oscillator, step-adj ustable
by two decade controls, provides a
reference signal for generating side
markers. This marker oscillator is cali
brated in terms of the CAD dial divi
sions departure from the synthesizer
center frequency, as chosen by the
operator. The synthesizer BEAT output
always changes by 10 kHz for each
major CAD division swept. l The vari
ation in output frequency correspond
I Ibid

LEVEL
SENSOR f---+-.....j

AND
SWITCH

INVERTING
AMPLIFIER

CAD SCOPE
SWEEP SWEEP

Figure 2. Block diagram of sweep·generator section. Im,O-P2-/]
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ing to a CAD dial division, on the other
hand, can be selected in decade steps
with the synthesizer pushbuttons. The
marker oscillator generates frequencies
from 10 to 59 kHz in I-kHz steps (each
corresponding to one minor division of
the CAD dial). The marker-oscillator
signal is mixed with the BEA'r signal of
the synthesizer, and markers occur
whenever the BEA'l' and the marker
oscillator frequencies are equal.

Markers appear at symmetrical spac
ings above and below the center-fre
quency marker. The center-frequency
marker occurs when the BEAT frequency
itself is zero and is distinguishable by
its bipolar characteristic on the display.
It always indicates the point at which
the swept frequency is exactly the fre
quency set by all the synthesizer digit
units (including those functionally re
placed by the CAD). As the sweep rate
is raised, the side markers have less
time for buildup and gradually disap
pear. The center-frequency marker
holds position· and always serves as a
reassurance that the center frequency is
as selected. Side markers can be checked
for position by a momentary reduction
in sweep speed.

January 1967

Markers cannot be placed closer to
the center frequency than I CAD
division. Such close-in markers are
unnecessary because of the extremely
good linearity of the CAD sweep below
I division. To subdivide this frequency
region, one merely positions the I-divi
sion marker at a suitable line on the
oscilloscope graticule (by adjustment of
the oscilloscope horizontal gain) and
uses the graticule divisions as vernier
markers.

HOW IT WORKS

Sweep-Generator Section

The sweep-generator section is shown
in Figure 2. The sweep-voltage output
is obtained by integration of a step of
voltage in an operational amplifier with
capacitive feedback. The differential
input section is balanced to ground so
that either positive or negative inputs
are amplified and integrated with polar
ity retained. The output of the ampli
fier is monitored by a level sensor which,
at preset positive and negative voltage
extremes, applies a reversed-polarity
step of voltage to the integrator. Sweep
rates are adjusted by variation of input
step amplitude and of the integration
time of the amplifier. The amplitude of
the resulting triangular output-voltage
waveform is maintained constant by the
level sensor. Subsequent buffering and
adjustable attenuation result in con
trolled-rate variable-amplitude sweep
voltage. In a second channel, an invert
ing amplifier is used to obtain a syn
chronized horizontal-deflection sweep
signal of constant amplitude and oppo
site polarity. (Inversion is needed, be
cause the synthesizer frequency in
creases with negative sweep voltage,
• At. high 8weep 8pee&~ t.he center-frequency marker
changes character but. remains symmet.rical, so t.hat. its
~enter is still well defined and ob\'ious.
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whereas oscilloscopes deflect to the right
for positive voltage.)

Merker Section

The reference oscillator for the fre
quency markers is a transistorized
Wicn-bridge oscillator (Figure 3), whose
frequency is determined by thc relation
ship J, ~ G/27rC when the resistance
and capacitance values in the series
arm equal those in the shunt arm of the
Wicn bridge. The frequency of the
oscillator is controlled by simultaneous
variation of the cond uctances of the
shunt and series arms. This is accom
plished by the switching of two parallel
banks of precision resistors in shunt to
obtain multiples of G, (10 kHz ~

C,j27rC). One switch selects multiples
of G, and the second selects O.I-G,
increments. The oscillator produces fre
quencies from 10 to .j9 kHz in I-kHz
increments with I% tolerance. These
frequencies correspond to CAD dial
divisions ranging from I to ;j.9 in 0.1
division stcps. A negative-temperature-

coefficient thermistor in the negative
feedback divider of the bridge keeps the
output amplitude constant at aU fre
quenCIes.

The oscillator output is mixed with
the BEAT signal from the synthesizer,
and subsequent narrow-band filtering
and rcctification produces sharp, ac
curate markers.

APPLICATIONS

Since the synthesizer design is such
that one CAD division can correspond
to an output frequency range anywhere
from 0.001 Hz to 100 kHz as chosen by
pushbutton, the system provides an
extremely wide choice of sweep wid ths,
sweep rates, and marker spacing about
a selectable crystal-controlled center
frequency. Slow sweep rates arc re
quired with narrow-band devices so
that the full amplitude of the response
can be reached. A crystal filter, for
example, is energized by the source
during only that part of the sweep
range when the output is within the

C G

G
C

A

T

MIXER
FILTER

AND
DETECTOR MARKER

OUTPUT

III60-P2-31
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FREQUENCY
SYNTHESIZER
BEAT INPUT

Figure 3. Diagram of marker-generator section.
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Figure 4. Block diagram of sweep unit and synthesizer used as a precision swept source.

bandpass of the device. Narrow sweep
widths are necessary to keep the signal
within the bandpass for a reasonable
percentage of the sweep time and to
yield an expanded display for con
venient analysis. The level output and
constant source impedance of the syn
thesizer are also important factors in
achieving useful and reliable response
testing of crystal and mechanical filters
and frequency-selective instruments.

i ._-
4- •, P.i ••r~

I 11

I.r~ l1
11'II":: ~

Figure 5. Response of SO-MHz crystal fitter.
Horizontal scale: 2 kHz/em. Center frequency

marker: 50.00000 MHz.

Figure 4 is a block diagram of the
sweep unit and synthesizer combined as
a precision swept source. The response
of a jO-:\'fHz crystal filter is shown in
Figure j. The CAD was in the X lO-kHz
position and the side markers were
set for ± 1 CAD major division (i.e., ±
10 kHz at the output frequency). The
response of the GIl 1aoo Wave Analyzer
is shown in Figure G. The CAD was in
the lO·Hz position and was swept ±2).-2

Figure 6. Response of GR 1900 Wave
Analyzer tuned to 10 kHz and set for 10-Hz
bandwidth. Horizontal scale: 5 Hz/em.
Center frequency marker: 10,000.00 Hz.
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CONTROL
SIGNAL-TEST POINT

PRECISION PHASE OSCILLATOR
SWEPT DETECTOR FILTER (VOLTAGE

SOURCE REF CONTROLLED) fo

~
~

11I6o-n-21

Figure 7. Setup for swept-frequency evaluation of phase-locked loop.

major didsions, or ±2:5 Hz at the out
put frequency. The side-marker setting
was I CAD major division. Markers at
±20 Hz also appear; they are created
by the mixing of second harmonics
of the BE.'T and marker-oscillator
signals.

Another application involves the
study of a phase-locked oscillator,
a device often lIsed as an active
bandpass filter in frcquency multipliers
and phase-locked telemetry receivers.
Proper operation of such oscillators is
established by measurement of several
parameters, including lock range, cap
ture range,' and loop stability. Figure 8
is an elementary block diagram of a
possible test setup using the precision
frequency swept-source. The reference
signal is swept at a controlled rate and
width, and the control signal of the lock
loop is monitored, providing useful in
formation regarding lock-loop perform
ance and stability. The control signal
during lock is a ramp. When the
reference signal is swept outside the

I McAleer, H, T.... A New Look at the Phase-Locked
Oscillator," TIle J'rocudinU3 of thlllHE, Vol 47, June 1959,
ppl137-1143.
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lock range, the control signal becomes a
de lcycl plus an ac signal representing
the beat between the reference and
the free-running oscillator. The display
(Figure 8) is easy to interpret visually,
and the results of adj ustments can be
seen immediately. Loop bandwidth can
be measured and center frequency ad
justed on the production line.

-:\Ieasurements need not be confined
to the frequency range of present syn
thesizers. Suitable wide-band multi-

j/f1l7-Pi-il

Figure 8. Oscilloscope presentation resulting
when 5-MH::r: phose-locked oscillotor WgS swept
with 1163 synlhesi::r:er gnd 1160-P2 sweep generg
lor. Sweep displgy is 25 kHz either side of 5 MH::r:;
markers ore gt 10-kHz spacing. Lock range (equols
copture ronge) is opproximotely ±12 kHz oboul

5-MHz center frequency.
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CONTROL
SIGNAL

IF
AMP

LOCI< SIGNAL INPUT

Figure 9. Block diagram of a frequency.canverslon system.

pliers or converters can be used to
translate the frequency-swept synthe
sizer to the uhf range when required.
One method of extending the fre
quency coverage is to multiply the
output frequency of the synthesizer.
In such a system, the swept frequency
excursion, f1!, of the synthesizer is of
course increased by the chosen multi-

plication factor (and any phase noise of
the synthesizer is also multiplied).

Another method, diagrammed in
Figure 9, translates the synthesizer
frequency to another region of the
spectrum by frequency addition. In
such an arrangement the swept fre
quency excursion is unchanged.

- R. L. MOYNIHAN

SPECIFICATIONS

AUTOMATIC SWEEP

Sweep Voltages: Symmetrical triangular wave
forms centered on 0 V dc.
Time for One-Way Sweep: 0.02 to 60 5, automa
tic, selectable in 9 steps. Sweep-Time Accuracy:
± 10%.
Outputs: CAD sweep is continuousl.\' adjustahle
from ±I to ±10 major CAD divisions (±0.3
to ±3 V approx). The SCOP}; II(JRIZ output is
nonadjustable (12 V, p-to-p, behind approx
10 kll).

MANUAL SWEEP

Outputs: Sweep excursions are the same as in
autumatic Illode, with continuous manual
control.

MARKERS

location: Center marker occurs nt the frequency
set on synthesizer digit dials. !:iide markers
are displaced symmetrically from the eentcr
marker bv the amlmnt set on the .\IARKt:R
SPACING dials.
Side Marker: Spacing from center marker can

be from 1 to 5.9 CAD divisions in 0.1 steps.
Accuracy: ± 1% of dial setting.

GENERAL

Power Required: 100 to 125 or 200 to 250 V,
50-400 Hz, 3\V.
Ambient Temperalure: 0 to 50D C.
Accessories Supplied: Two 2-foot (TYPE 1160
0:{20) and two ·I-foot (1160-0:121) AXC coaxial
pat-eh cords, CAP-22 3-wire power cord, spare
fuse.
Terminals: Connections to synthesizer and
MARKER OUT and SCON; HORIZ outputs a.vail
able front and rear.
Cabinel: Rack-bench. End frames for bench
mount and fittings for rack mount are in
cluded.
Dimensions: Bench model- width 19, height 2,
depth 1-0.'2 inches (-185,52, :no mm), over-all;
rack model ~ width 19, height 1~, depth
behind panel 13U inches (485, 43, 330 mm).
Weight: ~et, 12 lb (5.5 kg); shipping, 16 Ib
(7.5 kg).

Catalog
Number

1160·9600

Description

1160-P2 Sweep and Marker Generator

Price
in USA

$495.00
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THE SYNTHESIZER IN THE PRODUCTION
TESTING OF PRECISION DELAY LINES

22

The recent development of coherent
frequency synthesizers has made avail
able extremely precise, direct-reading
frequency sources for general laboratory
measurements and production testing.
Some of the many applications for these
versatile instruments have been men
tioned in earlier Experimenter articles.
The following is a brief description of
the interesting way in which one manu
facturer uses a synthesizer to calibrate
ultrasonic delay lines.

Delay·line Applications

Delay lines are widely used to provide
transient, readily accessible memories,
either analog or digital, in computers
and in systems for processing radar
echoes (e.g., video pulse integrators
and moving-target indicators).

In these applications, delay lines
must store pulses for long times - sev
eral milliseconds - with very little deg-

Figure 1. Multiple reflections in
31-paSi qucufz delay line.

Courl.eay Bliley El«i.ric Company

radation of the original shape. Wide
bandwidth and very little dispersion
must be achieved. The delay line must
also meet stringent specifications with
regard to spurious responses and sta
bility.

The Solid Delay Line

These requirements are met by solid
ultrasonic delay lines using fused quartz
or glass as the propagating medium.
Solid media propagate both longitudinal
(compression) and transverse (shear)
acoustic waves. Because of its lower
velocity, the transverse mode is utilized
in delay lines. The velocity of transverse
waves in fused quartz is 0.148 in/!,s or
12,300 ft/s, about 11 times the speed of
sound in air. A 30-:\IHz signal traveling
with this velocity has a wavelength of
0.00493 inch.

For short delays, up to 50 p,s, a single
bar is used with a transducer on each

TAAHSOUC[R
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Figure 2. Fused-quar.z line during
manufacture.

Courlesy Alicrosonic8, Inc.

end, but for longer delays, to save
weight and space, the propagation path
is folded inside a fiat, polygonal slab
by means of internal reflections at the
sides. Figure 1 shows a complex design
in which the wave is made to traverse
the slab 31 times in order to achieve a
long delay; Figure 2 shows the line
itself, unhoused, during production. The
input and output transducers are piezo
electric quartz crystal or ceramic wafers
cemented to the slab. In order to sup
press spurious responses, surfaces not
in the path of the main beam are
doped with absorbing material.

Delays up to 200 MS can be obtained
with a special glass having a zero
temperature coefficient of delay. For
longer delays, however, the high atten
uation of the glass prohibits its use and
the line must be made of fused quartz,
whose temperature coefficient of delay

is -75 parts per million per degree
Celsius. In many applications, quartz
lines must be very precisely tempera
ture-controlled to provide the necessary
stability of delay.

Delay-Line Measurements

Extremely tight tolerances in delay
line specifications require precise mea
surements of delay time and of other
characteristics during manufacture. For
example, a line used for digit storage in
a computer's memory may have a delay
of several milliseconds that must be
held to a tolerance of a nanosecond, or
to a few parts in 107 • Microsonics, Inc.,
a manufacturer of delay lines, has de
veloped a fast, direct-reading method
for making precise delay-time measure
ments with a frequency synthesizer.

Figure 3 shows how it is done. The
oscillator frequency is the center fre-

I
FREQUENCY ~~-------.----------,

, SYNTHESIZER i ~ ~

Figure 3. Equipment
setup for meosure
ment of delay line.

I~ TRIGGER

U;f£\~~EO
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Figure 4. Equipment setup for meas
urement of slability of delgy line.

quency of the line's passband. The
oscillator output is pulse-modulated
at a repetition rate derived from the
synthesizer, which also synchronizes
the oscilloscope. The delay line is par
alleled by an attenuator, and both
delayed and undelayed pulses are dis
played on the oscilloscope screen. The
two pulses coincide if the pulse rate,
fsynthtsiur, is exactly a multiple n of
1/delay time, which we will refer to as
the repetition frequency of the line,
fline' That is, at coincidence, fSl/nthcsizer

= nfline. [f n is made some power of
J0 the synthesizer dials read directly
the repetition frequency of the delay
line. The pulse envelope from the detec
tor is used to achieve rough coincidence;
then the detector is switched out and
the rf pulses themselves are compared to

provide a vernier reading. At a typical'
frequency of 30 MHz the measurement
is accurate to about ± 1 nanosecond.
Additional measurements of delay at
the lower and upper ends of the pass
band determine the line's dispersion.

Another measurement requiring the
synthesizer's precision is that of the
temperature-control oven's ability to
maintain stability of the delay time.
In this case the syn thesizer provides a
cw signal at the line's center frequency.
As shown in Figure 4, the phases of the
delayed and undelayed rf carrier are
compared with a phase meter. The
method measures drift in the delay time
with a precision corresponding to 1
degree of phase, or 1/10 nanosecond at
30 MHz.

- D. A. GRAY
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Four General Radio oscillators - the
Types 1309,11310,2 1311,3 and 1313 (see
page 12) - are equipped with an aux
iliary connector that serves several very
useful purposes. Used as an input con
nector, it allows the oscillator frequency
to be locked to an external signal while
simultaneously filtering that signal.
Used as an output connector, it pro
vides a constant-amplitude synchroniz
ing signal for an oscilloscope or counter.
Inasmuch as this" synchronizing jack"
is a fairly recent development in oscilla
tor design (originated by GR in 1962),
a summary of synchronization char
acteristics and of typical applications
may help users of these instruments get
even more out of them.
1 R. E. Owen, "All-Solid-State, Low-Distortion Oscil
lator." General Radio Experimenter, March 1966.
'R. E. Owen, "A Modern, Wide-Range RC Oscillator,"
General Radio Experimenter, August 1965.
3 R. G. Fulks, "High-Performance, Low-Cost Audio
Oscillator with Solid-State Circuitry," General Radio
Experimenter, August-September 1962.

CHARACTERISTICS

Frequency-Synchronization Characteristics

When a signal is inj ected through
the auxiliary connector into the active
Rc-oscillator circuit and the oscillator
is tuned within a certain range ot this
signal, normal oscillations cease, and
the oscillator appears to oscillate stably
at the injected-signal frequency. The
range of frequencies over which this
locking takes place is a linear function
of the amplitude of the component of
the input signal to which the oscillator
is locked.

General Radio RC oscillators are
designed so that each has a frequency
lock range of ±3% for each volt input
(see Figure 1). Inputs of up to 10 volts
can be used without altering the opera
tion. As Table 1 shows, the 1313-A
oscillator is an exception. It is not of

STABLE SYNCHRONIZATION CHARACTERI TICS
INPUT CHARACTERISTICS OUTPUT CHARACTfRISTICS

Open- Output Phase with
Oscillator Lock Range Phase between Circuit Impedance - respect to

Type %/volt in put and output
Gain Factor Output - kD main output

volts

1309 ±3 180 ±90° 0.47 1.4 12 0°
at 5-V output

1310 ±3 o ±90° 0.28 0.8 27 180 °
at 20-V output

1311 ±3 180 ±900 0.94 1.0 4.7 0°
at 100-V output

1313 ±1 to ±40 180 ±900 - 0.7 330 0°

3
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Figure 2. Phase shift relative to input frequency
(and amplitude).

UPPER LIMIT
OF

LOCK RANGE

DIAL
FREQUENCY

INPUT FREQUENCY

LOWER LIMIT
OF

LOCK RANGE

filter characteristic discussed in the
next section.

For slow changes in frequency or
amplitude, the lock range and the
capture range are the same; i.e., the
frequency or amplitude at which the
oscillator goes from the synchronized
state to the unsynchronized state is the
same as that at which it goes from the
unsynchronized state to the synchron
ized state.

There is a phase difference between
the input synchronizing signal and the
oscillator output, which depends upon
the frequency's relation to the oscillator
dial frequency, as Figure 2 shows. Note
that the phase shift is a function of
amplitude, since the lock range is a
function of amplitude. Hence, the con
stancy of the phase shift at other than
00 depends on the amplitude stability
of the input signal as well as on the
frequency stability of the oscillator.
As a practical matter, the useful range
of phase shifts is limited to somewhat
less than ±90° because of the steepness
of the curve near the limits of the lock
range. The data in Figure 2 are dis
placed by 1800 for the 1309, 1311, and
1313 Oscillators because they do not
have a phase-inverting output stage.

5 +90°+-+-------+----:::;;;;.....+__
a.
I
::>
o

1-0
!=z
:1:«
<fl I- O°'+--I------J''-------+_
w::>
<flo.
«z
:1:
a. z

W

~ -900'+--''''''''''=:-----+-------f-
t;j
<D

Figure 1. Locking range vs input voltage for Types
1309, 1310, and 1311 Oscillators.
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INPUT AT SYNCHRONIZ ING FREQUENCY 1"'0-171

the conventional Wien-bridge type,
and its locking-range sensitivity varies
appreciably over its frequency range.

The oscillator maintains synchroniza
tion if either the oscillator dial fre
quency or the synchronizing frequency
is changed, within the lock range.
However, a time constant of about one
second is associated with the synchroni
zation mechanism. Thus, if the ampli
tude or frequency of the synchroniza
tion signal or the dial setting of the
oscillator is quickly changed, transient
changes in amplitude and phase will
occur for a few seconds before the
oscillator returns to steady-state syn
chronization.

This time constant is caused by the
thermistor amplitude regulator read
justing to the different operating condi
tions. The thermistor is sensitive to
changes in average values of frequency
or amplitude only when the averaging
time is in the order of seconds. Hence,
frequency-modulated and amplitude
modulated synchronizing signals, whose
average values of frequency and ampli
tude are constant over a period of a
second or less, are not affected by this
time constant. They are affected by
the equivalent time constant of the

4
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Figure 3. Response of a 1309 Oscillator for three different input-voltage levels.

Frequency-Selective Amplification

Cha racteristics

When the output of the oscillator
is locked to the input synchronizing
signal, the oscillator is not oscillating
in the conventional sense but is, in
fact, producing an amplitude-stabilized,
frequency-selective regeneration of the
input signal. The result is that all the
frequency spectrum of the synchroniz
ing signal appears in the output, al
though most of it is greatly attenuated.
Figure 3 shows the response of a 1309-A
for three different input-voltage levels
and for frequencies up to ten times and
down to one tenth of the oscillator dial
frequency. The oscillator output at both
the input frequency and dial frequency
is given, except within the lock range
where the dial frequency oscillations
stop, as seen in the magnified portion
of Figure 3. The apparent increase in

the Q of the response as the input level
decreases is due to the fact that the
output is constant within the lock
range (the normal output level of the
oscillator) regardless of input, while at
all other frequencies it is a direct
function of the input (doubling the
input voltage increases the output by
6 dB).

Figure 3 is a family of curves for
different input voltages, with the out
put plotted in dB relative to the
normal oscillator output, for one par
ticular oscillator. The single curve of
Figure 4, together with Table 1, can be
used to calculate the response for any
input level with any GR oscillator.
Figure 4 is a plot of the voltage gain
versus frequency for an equal-element
Wien-bridge oscillator between its syn
chronization input and the output.
Note that for frequencies distant from

5
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the dial frequency the gain asymptoti
cally approaches 2.0. In each oscillator
this gain is modified by the resistive
input divider and output amplifier.
Table 1 gives the appropriate multiply
ing gain factor for the four GR oscilla
tors set for maximum output voltage.

For example, the voltage amplifica
tion between the input synchroniza
tion jack on the 1309 and the full out
put, at t~ice the dial frequency, is
(0.47) (4.5) = 2.1. Thus, if there were
a O.l-volt input at twice the dial
frequency, there would be (OJ)
(2.1) = 0.21 volt in the unattenuated

(0.21) volt (100)
output, or 5.0 volts = 4.2% of

the output at the dial frequency,
regardless of the amount of output
attenuation.

The input impedance of the syn
chronization connection is the same as

the output impedance listed in Table 1,
for frequencies outside the lock range.
At the synchronizing frequency the
input impedance, in general, is complex
and can vary over a wide range, in
cluding negative values because the
connection is also a source at the syn
chronizing frequency.
Output Characteristics

Since the injection-synchronization
input connects to a resistive divider
a~ross the output of the oscillator, it
is also an output. This output can be
valuable because it is of constant
amplitude regardless of the main-output
amplitude, which may be reduced by
the attenuator. The open-circuit output
voltage and output impedance are
given for each of the oscillators in
Table 1. In each case, the amplitude is
sufficient to trigger an oscilloscope
or a counter. However, note that the

100.0

70.0

50.0

20.0

10.0

7.0

5.0

2.0

II \
j \

r7 '\

b-::-::::::
l/ ~ --~--- ~- - --- <D ~- ::-:::--- Figure 4. Voltage gain between

unattenuated sync Input and
unattenuated output for a

Wlen-brldge oscillator.
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output impedances are higher than are
usually expected from a source. At
high frequencies the output may be
reduced by the capacitive loading of
connecting cables.

Table 1 also gives the phase relation
between the synchronization jack and
the main output. Because the 1310
Oscillator output is 1800 out of phase,
an output balanced with respect to
ground can be obtained.

This output is always a sine wave,
so that on the 1309 and 1313 Oscillators
simultaneous sine- and square-wave
outputs are available.

APPLICATIONS

The various functions of the syn
chronizing jack are distinct but do exist
simultaneously and can be used ih com
plementary ways. The following appli
cations are among the more obvious
and show, with circuits and sample
calculations, how the above data can
be used.

locking to a Stable Source

An oscillator with injection-synchron
ization capability can obviously be
locked to a more accurate frequency
reference to increase its long-term
frequency stability. The advantages of
this are many. The frequency selectivity
of the oscillator can appreciably reduce
the hum, noise, and distortion in the
source. It will provide amplification,
since less than one volt into a high
impedance is necessary for locking, and
yet up to 100 volts at low impedances is
available in the output. The long-term
amplitude stability will be the same as
that of the normal oscillator, regardless
of the long-term fluctuations in the
input. Input-amplitude changes of 20
dB are easily suppressed in the output.

February 1967

The oscillator isolates the reference
source from changes in load and from
the addition of spurious signals. Also,
with the 1310 and 1311 Oscillators, it is
possible to short-circuit the output
without increasing distortion.

If the oscillator is locked to one
of the harmonics of the source, it
functions as a precision frequency
multiplier. The accuracy and the long
term stability of the submultiple source
are maintained, and the output is
sinusoidal.

As an example, Figure 5(a) is the
frequency spectrum of the output of a
sinusoidal I-kHz standard frequency
derived by division from a crystal
frequency standard. Note the 120-Hz
hum, the noise close to the fundamental,
and the large amount of harmonic dis
tortion. Figure 5(b) is the output of
a 1310 Oscillator locked to the same
source. The distortion is reduced to
almost the normal level of the oscillator,
the hum is more than 80 dB below the
signal, the noise is noticeably reduced,
and yet the long-term frequency stabil
ity is the same as that of the reference
source. The short-term stability, like
the distortion, cannot be made better
than that normally existing in the
oscillator.

Whenever the synchronized oscillator
is used for filtering, as above, the
input voltage can be adjusted to an
optimum level. The voltage should be
high to provide a locked frequency
range wide enough so that the oscillator
will not drift out of lock, and yet low
enough to reject the unwanted signals.
Suppose that in the example it is
desired to minimize the second har
monic in the oscillator output. The
typical long-term stability of the 1310
at 1 kHz is 0.03% after warm-up;

7
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therefore, a lock range of ±0.12%
should provide a sufficient margin to
ensure that the oscillator will always
remain locked. This would require

. 0.12%
an mput at 1 kHz of 3.0%/volt = 0.04

volt. The second harmonic in this signal
is 26 dB below the desired I-kHz funda
mental (5.0%). From Table 1 and
Figure 4, it is found that the 1310 has
a voltage gain at the second harmonic
of (4.5) (0.28) = 1.25. Therefore, with
a 0.04-volt input there would be (1.25)
(0.04) (0.05) == 0.0025 volt of the sec
ond harmonic in the 20-volt oscillator

0.0025 volt
output, or 20 volts = 0.0125%, re-

BANDWIDTH

03 tl(lO

0'0

Gm~n-20
~

M2.!:5 02!:5 ~ -40
07·1~ 1ol1~7!l: 2

'I~J~~~ ••co.o.. -60
WRITING SPEED

gardless of the output attenuator set
ting. This is below the amount of
second-harmonic distortion normally
present in the oscillator, as Figure 5(b)
shows, so it is certain that the largest
possible reduction of the second har
monic has been made.
Frequency-Jitter Reduction

Although the short-term frequency
stability, or jitter, of the synchronized
oscillator cannot be better than when
it is unsynchronized, it can be better
than the source to which it is locked.
This is, again, because it behaves as
a tracking narrow-band filter.

In Figure 6, the output frequency of
a drifting, jittery lO-Hz source is

.
FREQUENCY IN kHz

8

Figure Sea). Spectrum of a typical sinusoidal 1-kHz standard frequency, derived by division from a
crystal frequency standard.

FREQUENCY IN kHz

Figure S(b). Spectrum of the output of a 1310 Oscillator synchronized with the 1-kHz standard of Figure
Sea). Note the reductions in hum, noise, and distortion.
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Figure 6. (a) Output frequency of a drifting, jittery 10-Hz source.
(b) Output frequency of oscillator synchronized with SOurce (a).

Note that jitter is reduced while drift is tracked.

recorded along with the frequency of
the output of an oscillator synchronized
to that source. The filter selectivity has
considerably reduced the short-term
jitter, while the oscillator has remained
locked onto the long-term drifting
average. The low frequency of this
example was used for convenience in
making the graphic recordings. A reduc
tion in jitter can be made at any
frequency where the filter characteristic
is sufficiently selective. The ability
to track longer-term drift, however,
is always limited by the approximately

1.0

0.5

one-second time constant of the locking
mechanism.
Harmonic Waveform Synthesis

One of the most popular uses of the
synchronized oscillator is as a sinusoidal
frequency multiplier for Fourier syn
thesis of various waveforms. The oscil
lators are simply locked onto a har
monically rich waveform with the input
level adjusted for sufficient suppression
of the other harmonics.

Tone bursts can supply a harmoni
cally rich signal for synchronizing. For
example, if it is desired to synthesize

( oj

(a) {bJ C~lr:tD
IDEAL BURST WAVE

~ I ~

o
2 3 4 5 6

HARMONIC NUMBER
7

Figure 7. Spectrum of locking signal for generating waveforms with five
harmonics. (a) ideal, (b) tone-burst approximation, (c) clipped sine

wave approximation.

9
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Figure 8. Ideol signol for generating wcrveforms
with five harmonics. It is composed of equal

amplitudes of the five in.phose harmonics.

pure waveforms from the first five
harmonics, a waveform with the spec
trum of (a) in Figure 7 would be best.
This has the waveshape of Figure 8,
which can be approximated by a single
cycle of the third harmonic with a
repetition rate of the fundamental
frequency, as in Figure 9. Its spectrum,
(b) in Figure 7, is quite close to ideal.
This waveform is easily generated
with the GR 1395 Tone-Burst Genera-

Figure 9. Tone-burst approximation to Figure 8.

tor (see Figure 10). The spectrum of a
tone burst is very good for synchroniz
ing because it can produce a relatively
flat spectrum for large harmonic num
bers and because it is not frequency
sensitive.

Conventional nonlinear waveshal?ing
methods can be used to generate a
signal with a desired harmonic spec
trum. If shaping techniques are used,
it is helpful to recall that, for repetitive

SYNCHRONIZING
-INPUTS

TYPE 1396-A
TONE - BURST

GENERATOR

-RC
OSCILLATORS

10

figure 10. One method of obtaining synchronized oscillators for first six harmonics. Waveform
of Figure 9 is used to lOck oscillators.
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,£ ., P-C--~:T~ 11. Sine-wave ,Upping 0;"u1lL L ; fa. app.o';ma"ng equal-ampHlude ha._
monies pulses.

equal-amplitude harmonic signals, the
waveform goes progressively from a
smooth sine wave with one harmonic
to an impulse with all harmonics.
Hence, the ideal synchronizing signal
is an appropriately bandwidth-limited
impulse. For low harmonics this can be
approximated with a clipped sine wave
by means of a circuit such as that of
Figure 11. For this five-harmonic ex
ample, values for III and Il, of 10 kIJ
and 200 IJ, respectively, produced the
waveform of Figure 12 and the spec
trum of Cc) in Figure 7.

As in the first application, there is
an optimum input-synchronizing volt
age, which provides the best combina
tion of purity of output and lock range.
In this case it usually is desirable to
make the lock range large so that the
phase of each harmonic can be adj usted.
The phase-coherent signal of Figure 8
was generated with the equipment
shown in Figure 10, and all undesired
higher harmonics were more than 60
dB below the five equal-amplitude ones.

Figure 12. Clipped sine wove wi,h 'he spectrum
of Figure 7(c::).

Phase Shifting

The synchronized oscillator can be
used as a convenient, single-frequency
phase shifter or time delay. Table 1,
in conjunction with Figure 2, shows the
range of phase shift available for each
oscillator. This is particularly useful
with the 1309, where the Schmitt
trigger in the square-wave circuit per
mits generation of variable-delay pulses.

- R. E. OWEN

GENERAL RADIO RC OSCILLATORS WITH SYNCHRONIZATION
Condensed Specifications

Oscillator
Frequency Range Output Waveform Output Voltage OutpUl Power Distortion

Type

1309 IOHz·lookHz '\, 'L., 500!JV· 5V 10 mW 0.05%

1310 2Hz·2MHz '\, 0.1 - 20V 160 mW 0.25%
1311 50Hz - 10kHz '\, 0-1. 3. 10, 1 w 0.5%

jn II steps 30, lOOV
Transformer

output

1313 10Hz - 50kHz '\, 'L., 500J1V - 5V 10 mW 0.5%

11



the[;jExperirnenter

Figure 1. Type 1313-A Oscillafor.

10 Hz TO 50 kHz
WITHOUT RANGE CHANGING

12

For general laboratory use, the con
ventional decade frequency range on an
RC oscillator is a good compromise
between accuracy, resolution, and ease
of-setting. On the production line,
however, where measurements are made
in rapid succession over a wide frc
quency range, the necessary range
switching and large return sweeps of the
dial become an important disadvantage.
To eliminate this prohlem, General
Radio has developed a low-cost RC

oscillator with the entire audio-fre
quency range covered in a single range.

The TYPE 1313-A Oscillator (Figure
1) provides sine and square waves from
10 Hz to 50 kHz. The frequency is

quickly and easily set and unam
biguously indicated on a single-turn
dial. There are no multipliers to use or
decimal points to slip; the dial is
marked the way you would say the
frequency: ten kilohertz is 10 kHz, not
10,000 Hz, for example. Also, since
there is no range switch, there are no
range-changing transients, no fast,
high-amplitude pops to rupture a voice
coil or mechanical transducer. And
there is no necessity for routine re
placement of the range switeh, as there
often is with other oscillators used on
production lines.

The TYPE 1313-A is in many respeets
similar to the popular TYPE 1309-A 10
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20 50
1/"13-51

105100 20050 5001kHz 2
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Figure 2. Typical output-vs-frequency characteristic.
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Hz-lOO kHz Oscillator1• It uses the
same all-silicon, all-solid-state design,
except that a modified Wien Bridge
expands the frequency range. The
technique used is similar to that
employed by Anderson in a seven
decade oscillator2, but it has been
refined with the aid of a digital com
puter.

The sine-wave output is continuously
adjustable over a range of from less
than 500 jJ.V to 5.0 volts open-circuit
by means of a 50-dB step attenuator
and a continuous control. The steady-

1 R. E. Owen, .. All-Solid-State Low Distortion Oscil
lator," General Radio Experimenter, March 1966.
2 F. B. Anderson, "8even-League OscillatoI'," Proceedinos
of the IRE, 39, August 1951, pp 881-890.

state output voltage is held within
±2% of its I-kHz value over the whole
dial span; it is typically even better
than this, as Figure 2 indicates. Thus
frequency-response measurements are
not interrupted by periodic readjust
ments of the output level. Distortion
(see Figure 3) is held below 0.5% from
100 Hz to 10 kHz.

The square-wave output has a very
fast transition time, typically 40 nano
seconds into 50 ohms. This corresponds
to the rise time of a device with a
bandwidth of greater than 10 MHz;
hence it is adequate for most transient
response testing. The maximum output
is greater than + 5 volts peak-to-peak

2A

2.0

z
0
t=
a:

~
0
0z
0
::;;
0:

1.0<0:
I

f-z
w
0

a:
it'

0.2

10Hz 20 50 100 200 500
FREQUENCY

I kHz 2 5 10 20 50
1/J'13-/xl

Figure 3. Typical distortion-vs-frequency characteristic.
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Figure 4. In a production test, the
1313 drives a loudspeaker over the
entire audio range in one turn of

the dial.

(Courtesy of KLH Research and Devel
opment Co., Cambridge, MauachuseHs)

(open-circuit), and it is direct-coupled,
so there is no low-frequency tilt, even
at 10 Hz. Symmetry is specified at
±2% (48%-52% duty ratio) over the
whole frequency range, but typically
there is no asymmetry discernible on an
oscilloscope. The square-wave output
can be continuously adjusted by the
20-dB attenuator.

There are no provisions for mechani
cally sweeping this oscillator. Sweeping
an inexpensive RC oscillator of this
type is not recommended because of
transient amplitude changes as the
frequency varies and because the dial
calibration is nonlogarithmic. For sweep
applications in this frequency range,
we recommend the TYPE 130-l-B Beat
Frequency Audio Generator, which
provides logarithmic calibration and

", "

which maintains constant amplitude
when mechanically swept.

The TYPE 1313-A, in common with
other General Radio RC oscillators,
has a frequency-synchronization ca
pability (see page 3). As a result of the
single-range circuit, the frequency lock
ing range varies from less than 1% per
volt input at 10 Hz to greater than
40% per volt at 50 kHz. This syn
chronizing feature permits each station
on a production line to have, in essence,
a tuned isolation amplifier with inde
pendent amplitude and waveform con
trol, operating from one standard
frequency source.

- R. E. OWE"

A biographic:.d sketch o~ !V(r. Owen appeared
in the March 1966 Experunenter.
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SPECIFICATIONS

FREQUENCY
Range: 10 Hz to 50 kHz in one range.
Accuracy: ±4% or ±IHz, whichever is greater.
Synchronization: An external reference signal
can be introduced through phone jack to phase
lock oscillator. I-V input provides locking
range of ±1 % to ±40%, depending on fre
quency.

OUTPUT

Sine Wave
Power: 10 mW into 600-fl load.
Voltage: 5.0 V ± 5% open-circuit.
Impedance: 600 fl. One terminal grounded.
Control: Minimum of 20 dB continuously ad
justable and 60 dB step attenuator (20 ±
0.2 dB per step). Also, a O-V output position
with 600-fl output impedance maintained.
Distortion: Less than 0.5% from 100 Hz to
10 kHz.
60-Hz Hum: Less than 0.05% at 1 kHz.
Frequency Characteristic: ±2% over whole
frequency range for loads of 600 fl or greater.

Square Wave

Voltage: Greater than +5 V pop, open-circuit.
Dc-coupled output.
Impedance: 600 fl.
Rise Time: Less than 100 ns into 50 fl. Typi
cally 40 ns at full output.
Control: Minimum of 20 dB, continuously
adjustable attenuator only.
Symmetry: ±2% over whole frequency range.

GENERAL

Accessories Supplied: CAP-22 Power Cord,
spare fuses.
Accessories Available: 1560-P95 Adaptor Cable
(phone plug to 274-MB Double Plug) for
connection to synchronizing jack; relay-rack
adaptor set.
Power Required: 100 to 125 V, 200 to 250 V,
50 to 400 Hz, 6 W.
Mounting: Convertible-bench cabinet.
Dimensions (width-height-depth): 8% by 5%
by 8Ys in (210 by 150 by 210 mm).
Weight: Net, 7 lb (3.2 kg); shipping, 9~

lb (4.2 kg).

Catalog
Number

1313-9701
1.560-969.5
0480-9638

Description

Type 1313-A Oscillator, 10 Hz-SO kHz
Type lS60-P95 Adaptor Cable
Type 480-P308 Rack-Adaptor Set

Price
in USA

$32S.00
3.00
7.00

HARMONIC BRIDGE
USES

RC-OSCILLATOR SYNCHRONIZATION

Ingenious use is made of the syn
chronizing capability of a GR 1310
Oscillator by Dr. Homer Fay of the
Speedway Laboratories of Union Car
bide Corporation, Electronics Division.
Writing in The Review of Scientific
Instruments!, Dr. Fay describes a sys
tem used to measure linear and non
linear electric coefficients and quadratic
electrooptic coefficients in high-dielec-
1 Dr. Homer Fay, II Harmonic Bridge for Measurement of
Nonlinear Electric and Electrooptic Properties of Crys
tals," The Review of Scientific Instruments, February 1967.

tric perovskite crystals. These coeffi
cients can be derived from a ca
pacitance-bridge measurement if the
harmonic content of the driving voltage
is known, and this is where the syn
chronizing oscillator enters the system.

The 1310, along with several other
GR oscillators (see page 3, this issue),
can be phase-locked to a signal whose
frequency is within a certain range of
the oscillator dial setting; moreover,
once lock is established, the oscillator

15
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Figure 1.
Type 1310 Oscillator.

frequency control can be used as a
phase shifter, over a range of ± 75° or
so.

In Dr. Fay's setup (Figure 2), the
oscillator frequency dial of each of
several 1310 oscillators is set in the
vicinity of a harmonic of the driving
signal, thereby establishing lock. The
oscillators then assume control of both
the phase (by means of the frequency
control) and the amplitude (by means
of the output level control) of each
harmonic covered. The phase and
amplitude of these harmonic com
ponents are adjusted to cancel the
harmonics created by the nonlinearity

of the crystal under test. Finally,
measurements of the amount of such
compensation at each harmonic are
used to calculate the electric coefficients
of the crystal.

Such measurements are important
because many effects in crystals are
directly related to electric displacement.
The electrooptic effect is an example.
The harmonic bridge, says Dr. Fay,
"permits display of the electrically
induced phase retardation intensity
pattern as a function of electric dis
placement, from which the electrooptic
coefficients may be readily obtained."

- R. E. ANDERSON

V
SIGNAL

OUT

o
SIGNAL

OUT

E-D
DISPLAY

x

Co 1/

CRYSTAL

C

TR~~~~~ERS L_O---4------1f------...J
BRIDGE BALANCE

DISPLAY

CHANNEL
I

'Vr_O~t;CH~A~i'~N~EL~
STEAEO

AMPOSCILLATORS

EtII SIN <III

E(3} SIN3",t

E {51 SIN 5 ... ,

Figure 2. Block diagram of harmonic bridge, showing,use of GR 1310 Oscillators to provide harmonics
of driving signal.
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Figure 1, Type 1232-P2 Pre
amplifier attached ta fhe
1232-A Tuned Amplifier and

Null Deteclor

A PREAMP FOR USE WITH BRIDGE DETECTORS
In the quest for low noise in an

amplifier, one must accept the fact that
no one amplifying device is optimum
for signal sources of widely differing
impedance levels. Some compromise is
therefore inevitable in the design of
the input stage of a sensitive null
detector that is to be used in a variety
of applications. The low-noise transistor
used in the TYPE l232-A Tuned Am
plifier and Null Detector! is suitable for
use with most impedance-bridge sys
1 A. E. Sanderson," A 1'uned Amplifier and Null Detector
with One-l\1ierovolt Sensitivity," General Radio Experi
me1ller, July 1961.

terns. However, some measurements
requiring extremely high sensitivity
present a very high impedance to the
detector, and in such cases the detector
could benefit from a preamplifier with
a very high optimum-source resistance.
The new 1232-P2 FET Preamplifier
(Figure 1), designed to fill this need, can
increase sensitivity by a factor of
10 or more in some measurements.

Plots of typical equivalent input
noise vs resistance for the 1232-A alone
and with the 1232-P2 are shown in
Figure 2. The input noise can be char-

,
~

~ I l-----t---
~
o..
w

"
~ 0,1 f-----f---7'.g---=q:...../~-_+c.:---_1

~

/
/

0.01"~::n----;'o::-----o,o::o--'-/--c,""n,=~~....~'o=............c:,oo
SOURCE RESISTANCE ~

Figure 2. Equivolent input
noise vs source resistance
for 1232-A alone and for
combinotion of 1232-A and

1232-P2.
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acterized by an equivalent voltage noise
generator, en, and a current noise gen
erator, in. On the plot of equivalent
input noise voltage vs resistance, en is
a horizontal line and in X R. is a
diagonal line. Note that the two curves
cross at 60 kilohms and that below this
value the 1232-A is better without the
preamplifier.

One application where the addition
of the preamplifier is a distinct advan
tage is the measurement of low-loss
dielectric samples on the GR 1615-A
Capacitance Bridge. Here the unknown
capacitance is usually less than 1000
pF, the lowest D range is usually used
(and not the G ranges), and the fre
quency is usually under 500 Hz. On the
lowest D range, the output capacitance
of the 1615-A is approximately 1600
pF + ex + cable capacitance. If ex
and the cable capacitance are small, the
output impedance will be about 1 Mn
at 100 Hz, and the preamplifier will
improve sensitivity by a factor of
about 10, as shown by Figure 2. As the
frequency increases, the impedance
decreases, and eventually the 70-pF
capacitance of the preamplifier's input

cable negates the use of the pream
plifier, even with a source of infinite
impedance.

The preamplifier is of no advantage
on the higher D range, where bridge
capacitance is 10 times as great as
on the lowest D range, or on the G
ranges, where the output impedance is
shunted by 100 kilohms.

The circuit of the preamplifier con
sists of a single source-follower stage,
using a field-effect transistor. A switch
allows the user to bypass the pream
plifier in applications where the 1232-A
is better off alone. The preamplifier
is housed in a thin "pancake" box
that is easily added to the side of the
1232-A or between the 1311-A Oscillator
and the 1232-A in assemblies. The
resulting combinations are available
as the TYPES 1232-AP (1232-A plus
preamplifier) and 1240-AP (1232-A plus
preamplifier plus 1311-A). The entire
TYPE 1620 Capacitance Measuring As
sembly, when supplied with the pre
amplifier, is designated TYPE 1620-AP.

-H. P. HALL

SPECIFICATIONS

Input Impedance: Greater than 100 Mn in
parallel with 70 pF.
Output Impedance: 10 kn.
Voltage Gain: Approx 0.7.
Noise (referred to input): Open-circuit equiva
lent, 0.1 pA; short-circuit equivalent, 0.3 p.V
(when used with Type 1232-A tuned to 100 Hz).
Optimum Source Impedance: 3 Mn.

Connectors: GR874 on cables, input and output.
Power Required: 12 V, 200 p.A, supplied by
1232-A.
Dimensions (width-height-depth): %" by 6
by 7Y2 in (20 by 150 by 190 mm).
Weight: Net, 15 oz (425 grams); shipping, (est)
3 lb (1.4 kg).
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Catalog
Number

1232-9602
1232-9829

1240-9829

1620-9829

Description

Type 1232-P2 Preamplifier
Type 1232-AP Tuned Amplifier and Null Detector,
with preamplifier
Type 1240-AP Bridge Oscillator-Detector, with
preamplifier
Type 1620-AP Capacitance-Measuring Auembly,
with preamplifier

Price
in USA

$ 95.00
485.00

725.00

2325.00
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Type 1123 Digital Syncronometer.

SYNCRONOMETER WITH 1-2-4-8 CODE
A new version of the SY~CRONO

METER® digital time comparator1 is
now available. The output impedance
of the new model has been lowered by
a factor of 10, and the output coding
has been changed to 1-2-4-8 BCD. An
other features of the instrument
standby battery power, synchroniza
tion capability, fail-safe operation, etc
- remain unchanged.

In the new instrument, a buffer
transistor is added to each of the 44
data-output lines, reducing the output

impedance and permitting the change
in coding. Rise times of the data output
are thus reduced, simplifying the trans
fer of precise time data to a parallel
storage unit, printer, or computer.
I D. O. Fisher and R. W. Frank ... A New Approach to
Precision Time .:\fea.surements," General Radio Ez;~ri

menter, February-.Mareh 1965.

SPECIFICATIONS
Same as 1123-:\1, except as follows:
Tlme-of-day Datg Output:
From all decades, parallel 1-2-4-8 BCD
Logic 0: approx 0.8 V, impedance 1 kn.
Logic 1: approx 15 V, impedance 11 kn.

Calalo[J Number

1123-9760

1123-9763

1123-9762

1123-9765

Description

Type 1123 Digital Syncronometer 0-2-4-8 BCD Code),
115 V, Bench Model
Type 1123 Digital Syncronometer 0-2.4-8 BCD Code),
115 V, Rock Model
Type 1123 Digital Syncronometer 0-2-4-8 BCD Code),
230 V, Bench Model
Type 1123 Digital Syncronometer 0-2-4-8 BCD Code),
230 V, Rock Model

Price in USA

$3450.00

3450.00

3450.00

3450.00

QUANTITY PRICES FOR ENLARGED SMITH CHARTS
Since some users of the new enlarged

Smith Charts (22)1" X 35") announced
in September want to order more than
one pad at a time, and we are happy to
handle the larger orders, the following
quantity price schedule has been estab
lished.

Number
of Ptuls

1
2-3
4-9
10-19
20 and up

Price per
Pad of 75 Sheets

$6.00
5.75
5.50
5.00
4.75
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A great many interacting problems surround
the development of a standard-signal gen
erator, and the final instrument usually
combines a few successes with more than a
few compromises. If the signal generator
is to have an output-level range of 160
dB, accurate frequency control without
trimmers, and leveling in all modulation
modes, the challenges are compounded.
Yet these were among the design objec
tives of GR's latest signal-generator devel
opment. A major engineering effort turned
the problems into successes and produced
the high-performance standard-signal gen
erator introduced in this month's feature.

The basic tool for the alignment and
testing of receivers, filters, amplifiers,
and attenuators is the a-m standard
signal generator. The term "standard
signal" means that all primary charac
teristics are calibrated, and it implies
signal quality beyond that expected
of the ordinary signal source. Thus, it is
generally accepted that an a-m stand
ard-signal generator shall have cali
brated output frequency, calibrated
output level adjustable over a wide
range, and calibrated depth of modula
tion. As technology has evolved, users
have demanded increasingly wide rang
es of these characteristics, along with
major reductions of incidental and
spurious effects; at the same time, speed
and convenience of use have become
prime concerns.

A NEW STANDARD OF PERFORMANCE

General Radio's new TYPE 1026
Standard-Signal Generator meets this

growing demand for higher performance
and simple operation. Over a frequency
range from 9.5 to 500 MHz, the 1026
delivers one-half watt of leveled cw
power to a 50-ohm load, approximately
100 times the power previously avail
able from a well shielded signal genera
tor. Modulation characteristics are
equally impressive. At all carrier fre
quencies, 95% modulation is available
for outputs up to 5 volts behind 50
ohms (compared with up to 10 volts
behind 50 ohms for cw operation). At
50% I-kHz amplitude modulation,
incidental fm is less than 1 part per
million, an order of magnitude im
provement over previous designs, and
envelope distortion for the I-kHz in
ternal modulation is less than 1%.
Other unique a-m features include
provision for wide-band modulation up
to 1.5 MHz and for pulse modulation
with leveled and metered peak output.

Electrical fine frequency control per
mits frequency modulation and, with
auxiliary synchronizing equipment,
phase-locked operation.

The three front-panel elements used
for this month's cover ilJustration
symbolize the extreme ease with which
the signal generator can be controlled
over its wide operating ranges. The
user selects frequency by setting the
band switch to the proper range and
tuning the frequency control. The large,
back-lit drum dial provides an unam
biguous readout accurate to 0.5%.
There are no secondary frequency
controls, no trimmers to peak. Output

3
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level is set by a precision step attenua
tor supplemented by a continuous
carrier level control; the meter and
large attenuator dial provide a highly
legible readout. A flick of the wrist
takes the user from 0.1 microvolt to 10
volts behind 50 ohms, without external
amplifiers and their attendant tuning,
shielding, and level-monitoring prob
lems.

RELATION TO OTHER SIGNAL SOURCES

The characteristics of the standard
signal generator, as embodied in the
1026, set it distinctly apart from such
relatively simple signal sources as GR's
general-purpose oscillators on the one
hand and from our highly sophisticated
decade-frequency-synthesizer line on
the other. The oscillators are ideal for
antenna and bridge measurements and
as local oscillators for heterodyne
detectors, but they lack the output
level calibration, ultra-high shielding,
isolation of frequency from load pull
ing effects, and calibrated modulation
characteristics required for receiver
tests and for precision insertion-loss
measurements.

Frequency synthesizers are quite
complex instruments in which the pri
mary concern is to generate precisely
known output frequencies, usually with
relatively less attention devoted to
achieving a wide range of accurately
calibrated output levels and to modula
tion capabilities. Furthermore, the spec
tral impurities found in the output of
frequency synthesizers are generally
of a different character from those in
the output of the free-running, con
tinuously tunable LC oscillator used
in the 1026. The unwanted outputs of
the latter are almost entirely harmonics
or hum sidebands close to the carrier;

other discrete spurious outputs are not
present, and broadband noise side
bands are of extremely low amplitude.

Thus a good conventional a-m stand
ard-signal generator is preferable to a
synthesizer for certain important class
es of measurements, including receiver
spurious-response tests, receiver sen
sitivity checks, which require accu
rately known low-level signal ampli
tudes and known modulation
characteristics, and measurements of
receiver selectivity, filter cutoff, and
attenuator insertion loss, all of which
require a wide range of accurately
calibrated output levels.

APPLICATIONS

The 9.5-to-500-MHz frequency range
of the 1026 includes the important vhf
and uhf aircraft communications bands,
which use double-sideband a-m, and
most of the common high i-f bands.
Obvious applications thus lie in the
alignment and testing of receivers, fil
ters, amplifiers, attenuators, and other
devices used in such service.

The largest single application area
for st&ndard-signal generators is re
ceivertesting. The 1026 is ideal for
receiver testing because of its high,
leveled output, single-dial tuning, and
low modulation distortion.

AGC and Squelch Testing

The receiver manufacturer is usually
called upon to specify the range of rf
input voltage over which the AGe will
maintain a relatively constant audio
output level. For such tests, the 1026
offers a wide range of output levels,
extremely low incidental fm, and a
highly accurate output attenuator.

The wide-band- and pulse-modula
tion modes are also useful for precise



checks of squelch and AGe recovery
time.

Distortion Tests

The maximum nonlinear distortion in
a receiver is generally specified at about
5 to 10%. Any envelope distortion in
the signal generator will, of course,
introduce error in the measurement.
Negative envelope feedback and ade
quate buffering (which virtually elimi
nates incidental fm) reduce distortion
in the 1026 to 1% at 50% a-m and to
less than 3% at the critical 80% a-m
leveL Not only is the 1026 output
leveled, but there is no peaking by the
operator to obtain specified modulation
performance.

Sensitivity Tests

In measurements of receiver sensitiv
ity, a signal generator must produce
an rf signal at a low, accurately known
level, with known modulation per
centage. It is important to keep these
characteristics, as well as carrier fre
quency, constant during the test pro
cedure. In the 1026, the output
attenuator is accurate to ±0.1 dB
per step, with a maximum accumulated
error of ±0.5 dB. Rf leakage is negli
gible even when the output is in tenths
of a microvolt. After warmup, the
output level will remain constant to
±0.01 dB over any 15-minute period,
even with ± 10% line-voltage fluctua
tions.

Signal-to-Noise Ratio

In measurements of signal-to-noise
ratio, the usual procedure is to compare
the receiver audio output when a
modulated carrier is applied with the
output without modulation. Any spu
rious modulation due to hum or noise
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will appear as additional receiver noise.
The very low residual a-m hum and
noise of the 1026 (at least 70 dB below
carrier) permit measurements of signal
to-noise ratios up to 60 dB with con
fidence.

Other Receiver Tests

Measurements· of adjacent-channel
rejection, image-frequency rejection,
and responses due to local-oscillator
harmonics can all be made with greater
confidence and convenience, because of
the purity and stability of the 1026
output.

Noise-limiter effectiveness is com
monly measured by tests on the re
ceiver's ability to limit the noise spikes
to some specified modulation percent
age, such as 80%. Thus the ability of
the 1026 to provide accurate high
percentage modulation makes it par
ticularly attractive for noise-limiter
testing.

Amplifier, Attenuator, Filter Tests

In tests of amplifier gain, frequency
response, and distortion, the leveled
output of the 1026 eliminates repeaking
of controls as frequency is changed.
Also, the high output levels available
from the 1026 will drive i-f amplifiers
and low-impedance stages directly,
without the addition of power ampli
fiers. Pulse response of i-f .amplifiers in
the 30-to-200-MHz range is of great
interest because of the widespread use
of such amplifiers in radar systems.
The clean leveled pulse performance of
the 1026 speeds up measurements on
this class of equipment considerably.

In filter-response tests, the high
output capability of the 1026 is espe
cially useful when the rejection outside
the pass band is 70 dB or more, since

5
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Figure 1. The 1026
Standard-Signal Generator.

6

the filter output signal will still be
easily detectable by an untuned high
frequency voltmeter. The high-level
output, automatic leveling, and low
leakage are valuable in attenuator
testing. Phase-lock stabilization of car
rier frequency (with auxiliary synchron
izing equipment) also permits the use
of highly selective detectors to improve
signal-to-noise ratios in measurements
of insertion loss in excess of 100 dB.

figure 2. Rear interior view.

GENERAL DESCRIPTION

The 1026 Standard-Signal Generator
(Figure I) is basically a con tin uously
tunable master oscillator-power ampli
fier chain, with appropriate power
supply and modulator circuits to permit
automatic level control under a wide
range of modulation conditions.

The instrument is built in three main
subassemblies: rf assembly, modulator
assembly, and power-supply assembly
(see Figure 2). Each subassembly is
extensively pretested before being
secured to the panel assembly, which
supports all controls and which pro
vides interunit cabling.

Vacuum tubes are used in the rf
stages because of their superior per
formance and reproducibility in the
upper part of the frequency range, but
all components in the modulator and
power supply are solid-state.

The 9.5-to-500-MHz frequency range
is covered in six bands, five of which
cover approximately an octave each.
The bands were selected so that impor
tant allocations, such as the 88-to-108
MHz fm band, the 108-to-156-MHz vhf
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Figure 3. Output level vS carrier frequency. The small discontinuities in level (typically less than 0.2 dB)
occur at frequencies where the range is changed.

aircraft band, and the 225-to-406-MHz
uhf aircraft communications band, each
lie entirely within a single range.

Once the appropriate band has been
selected, frequency is controlled by
a single dial, the amplifier trimmer
control thus passing into history. The
output is adjustable from 0.1 microvolt
to 10 volts behind 50 ohms, and the
shielding challenge implied by such a
range of levels has been met.

Highly effective leveling keeps the
output constant in the face of changes
in frequency or load impedance (Figure
3). The leveling loop is used for envelope
feedback for internal or external audio
modulation, giving very low modulation
distortion. Leveling is also in effect with
wide-band externally applied modula
tion frequencies up to as high as 1.5
MHz, depending on carrier frequency,
and with pulse modulation. The use
of two buffer stages between oscillator
and modulated power amplifier results
in unusually low incidental fm in the
presence of high-level amplitude modu
lation. The resulting excellent sideband
symmetry is shown in Figure 4.

For added flexibility, the signal
generator includes an internal crystal
calibrator, a high-level auxiliary output,

and prOVISIOn for electrical fine fre
quency control for fm or phase-lock
operation. The auxiliary output is
unusually versatile: It can be used to
drive an external counter for monitoring
the signal-generator frequency at the
same time that a low-level output from
the main rf output connection is deliv
ered to a receiver under test; it can be
disabled with better than 100-dB isola
tion by means of an internal coaxial
switch, thereby eliminating possible
leakage from connected apparatus or
cables; it can serve as an input, per
mitting the signal generator to be used

1= ..

=

Figure 4. Extreme symmetry of 1-kHz side
bands at 50% modulation is evidence of very low
incidental fm. Carrier amplitude (center spike)
is offscale because of expansion to show

sidebands.

7
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as a heterodyne frequency meter; and
it can drive an external phase detector
for phase-locked operation.

PRINCIPLES OF OPERATION

The elementary block diagram (Fig
ure 5) shows the rf power-generating
stages and those parts of the modulator
that serve to level the carrier amplitude
and to insert audio modulation. The
ancillary circuits employed in wideband
and pulse modes of modulation have
been omitted from this simplified
diagram.

The output stage of the rf power
generator and the modulator stages
form a negative-feedback loop. Since
the loop encloses a signal detector, it is
the carrier amplitude or envelope that
is fed back rather than the radio
frequency wave itself. The reference
against which this loop stabilizes itself
is a dc voltage supplied by the CARRIER

LEVEL control potentiometer. Modula
tion voltages can be superposed on
this reference, thus forcing the loop
to follow an audio-frequency input.
Special provisions are made to accom
modate wide-band- and pulse-modulat-
1 See" The Guillotine Capacitor," p 17, this issue.

ing signals that are too fast for the loop
to follow.

Radio-Frequency Generation

The output frequency is generated by
planar ceramic triodes driven by a
Colpitts oscillator and two buffer ampli
fiers. The Colpitts circuit is conven
tional except for the guillotine tuning
capacitor'! The six coils required to
cover the 9.5-to-500-MHz frequency
range are mounted on a turret that
rotates with band changes.

The three lowest frequency ranges
cover tuning ratios of 2~ to 1, with
some overlap between ranges. The
plates of the guillotine tuning capacitor
are shaped so that frequency varies
linearly with dial rotation on these
ranges, simplifying interpolation in
bandwidth measurements on high-fre
quency i-f amplifiers and filters. The
upper three ranges become progres
sively narrower in coverage in order
to maintain satisfactory interstage
tracking and adequate drive levels.

A small amount of electronic tuning
is possible through control of the bias
on a varactor diode. Owing to the

©.,
OUTPUT

SIGNAL
DETECTOR

AUXILIARY OUTPUT

SIGNAL-LEVEL
COMPARATOR

WIDE-BAND PULSE
SIGNAL INPUT SIGNAL INPUT

AUDIO
INPUT

L L-=----==:=..---+--

Figure 5. Elementary block diagram.
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large signal le,'cl at which this diode
operatC':,. eurrcnt i:o; being dra\\-n. and
the cOI1:-:cqurnt ~('lf-bia::3ing attion pro
duces a nearly Iincar frrqucncY-\'s-ap
plicd-control-\'oltagc characlf'ri."'itic for
small fI'eq UC'IH'Y drdation~.

Both plato and heater mltages of
the oseillator are electronically regu
lated for minimum residual fm and for
maximum stn hility againr-:.t linc-\"oltagc
changes,

The output of the oscillator dri,'es
a pair of nudstor power triodes in a
push-pull grounded-grid broadband am
plifier foitagc. which operates at approxi
mately unity gain. Thi:-: ~tage cfTcctin-'ly
isolates the ofoicillator from reaction due
to modulation of the output stage, The
untuned bufTer in turn drin:-s a pu.:::h
pull tuned butTer consisting of a pair of
high-performance ceramic planar tri
odes. The tuning capar'itor, a seconu
guillotine, and the coil turret are almost
identical to those used in the oscillator.
This tuned butTer gi\"es the power gain
needed to dri,'e the modulated output
amplifier,

The modulated output amplifier is
almost identical to the tuned buffer,
The same tube types arc employed, the
guillotine tuning capacitor is identical,
and the coil turret is similar, The most
significant difference is that bias is
controlled by the modulator, which is
in series with the cathode ground
return.

Careful control of the tuned-circuit
elements ensures good tracking between
stages \,-ithout front-panel trimmers.
Minor detunings, resulting from the
ine,"itablc differences in configuration
between oscillator and amplifier stages,
are controlled to produce similar effects,
For example, coil trimming capacitors
used on the top t,,-o frequency rangcs
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arc nominall~' identical. but they arc
n(,\"(:-1'thel(':,:, r(':,et automatically by the
hand-ehangC' mC'ehani..;m to ,·alues
('stabli:,hed during factory alignment of
the instrument. 1figh-quality precision
grar;,; and tight ('ontrol of runout in the
common uri\"(:- :::haft are al;,;o important
factor:::; in achie"ing a tracking ac
curacy that is typically 0.1 % 111

frequency.
Instrument structure has a first

order effect on the stahility, repro
ducihility, and shielding integrity of a
~ignal generator. The radio-frequency
portion of the 102G is built in a single
large easting. with separate pockets for
the indi,'idual stages (Figure G), Po,\er
and modulation leads are brought in
through appropriate low-pass filters,
shafts are brought out insulated through
wa"e-guide-below-cutoff pipes, and

Figure 6. Side Interior view. The gonged turrets
for the three tuned stages are in the righI-hand
compartments; the lube sockets for Ihe amplifier
and tuned buffer stages Qre visible In the upper

two left-hQnd compartments.

9
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shield covers have multiple fingers
for good contact, with double rows of
fingers in selected "hot" locations.
The casting supports the individual
guillotine tuning capacitors and the
precision gear drive that couples them
to the front-panel FnEQUJo~NCY control.
All adjustments and tubes are accessible
without major disassembly in case of
need for servicing.

Output System

The output of the modulated power
amplifier is detected by a crystal diode,
whose de output is amplified and used
to drive the cAHRIEn LEVEL meter.
The detected output also serves as the
input signal to the feedback-leveling
amplifier. The diode is fed from a
compensated voltage divider, which
reduces the rf level to match the diode
ratings yet still keeps it high enough
for the diode to operate as a linear
peak detector. The divider also isolates
the diode somewhat from the rf output
and thus reduces the distortion of the
carrier by the diode. The automatic
leveling makes a zero-impedance
Thevenin generator at the driving
point for the divider. A .sO-ohm resistor
between this point and the output
attenuator establishes the source im
pedance in the maximum-output posi
tion of the OUTPUT R\NGE selector.

Adjustment of the leveled output
over a range of up to 20 dB is achieved
by the c.\HHlER LEVEL control, which
varies the reference voltage fed to the
feedback loop. The uppermost () dB of
this range is used only in the lO-volt
cw mode of operation, and the lower
most -1 dB provides overlap between
the lO-dB steps of the attenuator and
permits reaching the low-level limit
of 0.1 microvolt.

The resistive lO-dB-per-step attenua
tor includes the input switching re
quired to provide proper impedance
characteristics and straight-through
operation with zero insertion loss. After
an impedance-matching 10-dB input
section, the attenuator is a continuous
1OO-ohm ladder. This provides a 50-ohm
output impedance since the output
always sees the source and load seg
ments of the ladder connected in
parallel. The extremely low vswn of
the output impedance (less than 1.02
over the whole frequency range) is
due to close control of resistor values
and of physical dimensions, as well as
of the size and shape of the shield
pockets in which the resistors are
located. At the output tap, special
rotating shield members are used to
prevent pickup of stray leakage from
the input, which could reduce the
accuracy of the attenuator at the
extremely high maximum insertion loss
of 1-10 dB. Resistors arc aged and
checked for stability to ensure long
term accuracy.

The high-level auxiliary output is
taken from the monitoring point by
way of a 10:1 divider and through a
coaxial switch, which isolates the
FHEQUENCY ME'rER output connector
from the input by over 100 dB when
the auxiliary output is not required.

Frequency Monitoring

The 0.;'5-percent direct-calibration
frequency accuracy of the 1026 is ade
quate for most applications; yet some
measurements (e.g., those of steep
sided filter characteristics) do require
even greater accuracy. The built-in
crystal calibrator improves calibration
by at least an order of magnitude. At
exact multiples of 1 MHz, the frequency



can readily be determined to within
0.01% (the actual crystal frequency is
accurate to 0.001%), but practical
measurement must include allowances
for failure to set to zero beat and for
short-term drift. In interpolation be
tween beat points, accuracy is typically
better than 0.05%.

Selectivity measurements of narrow
band receivers must sometimes be
made directly at the signal frequency
rather than at the intermediate fre
quency. Since in this Case the per
centage bandwidth is small, it may be
necessary to determine individual fre
quencies to the very high precision
possible with a counter. The special
switching and shielding provisions asso
ciated with the high-level auxiliary
FREQUENCY METER output have already
been described. As an additional fea
ture, for the user who is annoyed by the
noise radiated by some counters, auxil
iary contacts on the FREQUENCY CALI

BRATOR switch permit automatic quiet
ing of the counter when it is not
actually required to count.

The combination of the crystal cali
brator and the high-level FREQUENCY

METER output makes it possible to use
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the signal generator as a heterodyne
frequency meter. An external signal
applied to the FREQUENCY METER con
nector is mixed with the signal-genera
tor output in the same detector used
for the crystal calibrator function, and
resulting beats are amplified and deliv
ered to the BEA'l' OU'fPU'l' jack. The
crystal calibrator provides the accuracy
required for many measurements, and
the audible monitoring of signal quality
often yields information that is com
pletely absent in a counter meas
urement.

Leveling and Modulation

Leveling of the output rf amplifier
is now generally accepted as an essential
convenience feature in any modern
signal generator. It speeds up the
measurement process by eliminating an
operator adjustment, and it facilitates
scanning of a band to observe frequency
response characteristics. Substantial
improvement in level stability at any
given frequency Can be achieved as a
useful byproduct of leveling. This
amplitude stability, extremely impor
tant in precision measurements of
insertion loss, is shown in Figure 7. The
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Figure 7. Short-term amplitude stability. The peak amplitude of the envelope of a 400-MHz carrier
modulated 95% at 1 kHz, recorded against time with line-voltage steps.
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1026·4

Figure 8. Modulation linearity: The envelope
of 0 400-MHz carrier modulated 95% at 1 kHz
is shown with superposed modulotion signal.
The oscilloscope Irace of the l-kHz modulation
5i9"01 hos been intensity-modulated at (I syn
chronized 3D-kHz rote to ovoid masking of the

modulation envelope.

record of the detected modulation
envelope vs time and line-voltage steps
illustrates the stability of hoth carrier
level and modulation depth.

T'he accuracy of leveling depends on
the frequency characteristics of the
detector used to sense the lc\"cl changes,
on the harmonic content of the signal
to be leveled and its effect on the
detector response, on the magnitude of
level changes that require compensa
tion, on the gain of the compensating
loop, and on the stability of the de
reference \"oltage.

Signal harmonics are often ignored in
le\'eling specifications. 1'10reo\'er, in any
eircuit with adequate loop gain, thcir
presence is not betrayed by the carrier
le,'el meter. In the 1026, appropriate
Rlters reduce harmonics to at least 30
dB belo\\' the carrier level. Le,'eling
performance of the 1026 is sho\\'n in
Figure 3. ,

Loop gain cannot be increased in
definitely \\'ithout loss of stable opera
tion. 'fhe relation of gain and phase to

frequency must be carefully controlled
\"hen many stages are enclosed in the
feedback loop. For C\\' and audio
modulation operating modes, en\'elope
feedback is used to reduce residual hum
modulation and to provide low en\'clope
distortion at high percentages of modu
lation. The corner frcqucncy of the
loop-gain roll-off is 600 Hz, permitting
maximum gain for carrier-level stabil
ization, while still prodding substantial
negative feedback to rcduee modulation
en\'clopc distortion in the normal audio
range. In Figurc 8, the input audio
\"avcform is superposcd on the rf
em'elope of a ~OO-~II-lz carrier modu
lated 9.j% at 1 kHz.

Particular attention has been paid
to stability of the reference yoltage
and of the frequency ancl amplitude of
the internal I-kHz oseillator, in order
to maximizc the usefulncss of thc
generator in precision loss measure
ments. A portion of the l,kI-Iz signal
is available for synchronization of
oscilloscopes or synchronous detectors.

1026.3

Figure 9. Wide-band moduJgtion: The envelope
of a 400_MH:r: cgrrier modulated by a complex
wgveform at a 50-kH:r: repetition rgle is shawn
with superposed input madulalion signal. The
2-J.is-duralion modulation pegk is produced by the
neggtive-going portion of the input signal.



The over-all system amplitude stabil
ity shown in Figure 7 includes the
effects of the I-kHz internal oscillator.

The modulator consists of a signal
level comparator followed by a multi
stage error amplifier to provide the
necessary gain and pO\ver to control
the cathode current of the modulated
power-amplifier tubes. One input to the
comparator is provided by the signal
detector after preamplification. The
CARRIER LEVEL meter is connected to
this input. The other input from the
CARRIER LEVEL control consists of de
only for cw operation or de with audio
superposed for internal I-kHz or ex
ternal audio modulation. The modula
tion level is monitored in terms of the
audio voltage superposed on the carrier
control voltage.

In the WIDE-BAND mode of operation,
long-time-constant networks are added
to the feedback loop so that it cannot
follow modulation-frequency voltages
bnt can still stabilize the carrier oper
ating point on a dc basis. The modu
lation voltages are then inserted at a

Figure 10. Pulse_modulg'ion choracterlstlcs: In (ol.
the envelope of a lO-MHz carrier modulated by
an 8-J./I pulse is shown together with the Input
pulse. Rise and fall limes of 3 J.ls and delays of
0.5 ,us are evident from the 2 J.ls/cm groticule.
In (b), the envelope of a SOD-MHz carrier modu
lated by a 2-ps pube is shown together with the
input pulse. Rise and foil limes of 0.2 J.lS and
delays of 0.4 ps ore evident from 'he 1 J.ls/cm
grotlevle. In (cl. a composite picture shows an
on-off ratio in excess of SO dB for 0 SOD-MHz
carrier modulated by a 2-,us pulse. The upper
trace shows the residual signal as a thickening of
the base line; the large off-scale deflection
during the 2-,us pulse period causes apparent
blanking In the center of the trace. The lower trace
shows the same pulse with the output attenuatar
set for a 50-dB reduction in level. The peak ampli
tude of the lower trace is greater than the interpulse
amplitude of the upper trace, demonstrating

an on-off ratio in excess of SO dB.
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subsequent stage in the loop. A complex
wide-band modulation signal and the
associated modulation envelope are seen
in Figure 9.

In the "ULSE mode, the pulses
detected in the signal detector are
stretched and converted to a dc value

13
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corresponding to their peak amplitude
before they are delivered to the signal
level comparator. Long-timc-constant
networks are added to the feedback
loop in this mode. Thus, operating as a
de amplifier, the loop establishes a
clamping level to which input pulses
can drive the output amplifier. These
input pulses are inserted into the loop

just before the final power stage of the
modulator. A typical pulse-modulation
envelope is shown in Figure 10.

Power Supply

In the 1026, power-supply dissipation
present in conventional regulated sup
plies is minimized by a new preregulator
that controls the input to the primary
of the power transformer (see Figure
11). This preregulation stabilizes the
heater voltages of all tubes, thereby
contributing to long-life performance,
and reduces the swings that the elee
tronic postregulators have to accom
modate. The power dissipated in the
instrument is only about 90 watts and
is almost independent of input line
voltage. The power supply operates
satisfactorily over the 50-to-60-Hz line
frequency range and can be conneeted
for either 115- or nO-volt operation.

The preregulator, like a eonventional
electronic regulator, compares an out
put de voltage with a reference and
amplifies the resultant error voltage.
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Figure 11. Block diagram of the power supply.
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Figure 12. Elementary schematic showing pre
regulator tap-switching scheme.

But, instead of controlling a series
losser element, the control voltage
operates a magnetic amplifier that
switches the input line between high
and low-voltage taps on the power
transformer primary, in such a way
that the average output voltage is
maintained at the desired value (see
Figure 12). Actually, the high-voltage
tap is always connected through a
series inductor, which saturates and
thus has a low drop during the part of
the cycle when it carries the line current
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to the high-voltage tap. During the re
mainder of the cycle, it floats across
the portion of the transformer between
primary taps and carries only magnetiz
ing current. At this time, the line cur
rent is transferred to the low-voltage
tap through the magnetic-amplifier in
ductor.

Since only a portion of the trans
former primary is switched by this regu
lator, waveform distortion is not severe,
and the peak-to-rms ratio is not grossly
altered. Thus good regulation of both
ac heater power and dc output is
realized.

~ G. P. MCCOUCH
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TENTATIVE SPECIFICATIONS

FREQUENCY
Range: 9.5 to 500 MHz in 6 ranges: 9.5 to 22,
22 to 48, 48 to 108, 108 to 220, 220 to 420,
and 400 to 500 MHz.

Manual Control: Main frequency control, spin
ner knob with 100-division vernier dial (25
turns per range) drives main drum-type dial.
Illuminated scale indicates selected range.
Parallax-free fiducial mark is adjustable for
fine calibration. Scales to 108 MHz are linear.
An uncalibrated t:.f control spans typically
±0.003% at low end of range to ±0.015%
at high end (actual spans may vary 2:1 depend~
ing on frequency range).

Scale Characteristics:

Frequency Main kHz per Scale
Range Scale Vernier Length
(MHz) Interval Division (in)

9.5-22 100 kHz 5 14~

21.2-49.6 200 kHz 11 14~

47.4-111 500 kHz 25 14~

100-220 1.0 MHz 45·60 13
216·430 2.0 MHz 80·150 10\12
400-500 2.0 MHz 150 4

External Electrical FLne Frequency Control: Ap
plied voltage of ±20 V de varies frequency
typically ±0.04% at low end of range to
±0.2% at high end (actual variation may differ
by 2:1 depending on frequency range).

Calibration Accuracy: ±0.5% direct reading,
after initial adjustment of fiducial. With
internal crystal calibrator, ±0.01 % at 1.0
MHz intervals, typically ±0.05% by inter
polation.

Calibration Provisions: Internal crystal fre
quency, accurate to ±O.OOlo/c-, provides
calibration at intervals of 1 and 5 MHz over
entire frequency range. Calibration by external
counter provided for by output of about 0.1
to 1 V behind 50 fl. When not needed, this out
put can be disabled with >100-dB isolation;
external counter can be simultaneously disabled
by a contact closure provided to eliminate
interference from the counter's internal signals.

Harmonic Output: At least 30 dB below carrier.

RF OUTPUT
R"nge: CW, 0.1 /LV to 10 V behind 50 H,
Y2 W into 50 fl ( -133 to + 27 dBm); modu
lated, 0.1 /LV to 5 V behind 50 H (-133 to + 21

15
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dBm). Load VSWR > 2.0 may restrict the max
output available at some frequencies.

Control: Step attenuator, 140 dB in lO-dB
steps, voltage and dBm calibration. Continu
ous interpolation with metered level control.

Meter Scales: 0.3 to 1.5 V, 1.0 to 5.0 V, and -1:~

to + 1 dBm. Scale extensions (in red), for cw
use only, to, 10 V and to +7 dBm.

Accuracy: Metering, ±5% to 108 MHz; above
108 MHz, harmonics can add ±3% and rectifier
characteristic can add ±2%. Attenuator,
± 1% (±0.1 dB) per step; max accumulated
error ±0.5 dB.

RF Interference: Leakage has negligible effect
on measurements of receiver sensitivity down
to 0.1 ,.V.

Leveling: CW output is held at preset level to
within ±2% (0.2 dB) up to 108 MHz and to
within ±5% (0.5 dB) to 500 MHz as frequency
is varied, including effects due to range switch
ing. Effectiveness of leveling under modulated
operation is a function of modulation mode and
frequency.

Stability: At any given frequency, in cw
operation or internal I-kHz modulation mode,
and after 2-hour warmup, outpu't will typically
remain constant within ±0.0025 dB per
minute, or ±0.01 dB over any 15-min pe
riod. Also under these conditions, variation due
to ±1O% line-voltage fluctuation is < ±0.005
dB.

Effective Generator Impedance (at panel jack):
50 12 resistive; VSWR is <1.02 with output
attenuator set for 0 dBm or less. At higher
outputs, source impedance viewed as Thevenin
generator has a VSWR < 1.2.

MODULATION

Mades:
Amplitude Modulation is provided in four
modes:

1. Internal 1 kHz. Modulation level adjust
able 0 to > 95% and metered to within ±3%
of reading ±2% of full scale. Envelope feed
back provides leveling and holds distortion to
< 1% at 50% modulation and < 3% at 80%
modulation. Modulating frequency, 1 kHz
±0.5%; after 2-hour warmup stable to better
than 0.1 % over 8-hour period or for line-voltage
variations of ±1O%. 1 kHz signal available at
MOD binding posts, about 2.5 V behind 100 kn.

2. External Audio. Response flat to dc, down
< 3 dB at 20 kHz. Square-wave response 0 to
10 kHz; rise and fall times < 10 ,.s; overshoot
< 10%; rampoff negligible. Modulation level
is adjustable 0 to > 95% for dc to 5-kHz input,
to > 50% at 20 kHz, and is metered to within

Catalog
Number

±5,% of reading ±5% of full scale for sine
wave inputs from 20 Hz to 20 kHz. For 95%
modulation < 3 V, peak required into 3 kn.
Envelope feedback provides leveling and holds
distortion at 50% modulation to < 1% up to
1 kHz, < 5% up to 10 kHz.

:~. External Wide Band. Modulation level
adjustable 0 to > 80%. Response fiat to ± 3 dB
for 50-Hz t,o 1.5-MHz inputs at carrier fre
quencies above 108 MHz. Average carrier is
leveled and metered, but modulation depth and
linearity should be monitored externally. For
full modulation, about 0.6 to 3.5 V (depending
on carrier frequency) is required into 3 k12.

4. External Pulse. Required input pulses, at
least 10 V peak, positive going (max 30 V);
repetition rate 500 Hz to 150 kHz; duration
1 to :300 ,.s (min 3 ,.s on 9.5- to 22-MHz range);
max 50% duty ratio. Input impedance 3 kn.
Output pulse, duration within ±0.5 p.S of input;
rise and fall times < 1 ,.s each on all ranges but
9.5 to 22 MHz (up to 3 ,.s); rampoff < 5%. On
off ratio> 30 dB and at max output setting of
attenuator is typically > 40 dB. Peak ampli
tude of pulses is leveled and metered to within
± 1 dB added to accuracy specified for cw
leveling.

Incidental FM (accompanying a-m): < 1 ppm,
peak, at 1 kHz, 50% a-m.

Residual FM: < 0.05 ppm, peak.

Residual A-M: At least 70 dB below carrier
level in cw, internal 1 kHz and external audio
modes.

GENERAL

Power Required: 105 to 125 or 200 to 250 V, 50
to 60 Hz, 90 W.

Terminals: RF and counter outputs are GR874
Coaxial Connectors, recessed and locking; for
rapid conversion to other common types, use
locking GR874 adaptors. Modulation connec
tion is to front-panel binding posts and rear
panel multiterminal connector. Audio (BEAT)
output from front-panel telephone jack. Elec
trical frequency control is through rear
mounted 12-pin connector.

Accessaries Supplied: Type 874-R22LA Patch
Cord (GR874 to GR874), phone plug, 12-pin
connector plug, CAP-22 power cord, spare fuses,
hardware for bench and rack mounting.

Mounting: Rack-bench cabinet.

Dimensions: (width x height x depth): Bench,
19 x 17%: x 15~ in (485 It 450 x 390 mm);
rack, 19 x 17Y2 x 13 in (485 x 445 x 330 mm).

Weight: Net, 96lb (44 kg); shipping (est), 180
lb (80 kg).

Price
in USA

16
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THE GUILLOTINE CAPACITOR

The frequency range between 200
and 1000 MHz presents special chal
lenges in the design of wide-range tuned
circuits. Cavities become extremely
bulky, and their ranges are difficult
to extend by bandswitching techniques;
operation in both V4 and 3!-/4 modes
can extend the tuning range, especially
to higher frequencies, as in the GR 1360
signal source, which tunes from 1700
to 4200 MHz. Lumped [,C circuits
usually end up with larger inductance
than is desired in the face of the
inevitably significant minimum capa
citances established by the active ele
ments required for power generation or
amplification. For many years GR has
successfully employed the butterfly
circuit,! an integral LC tuner, to provide
tuning ranges up to ,j:1 in the frequency

IE. Karplu!, "The Butterfly Circuit-," General Radio
Experimenter, October 1944.

range up to about 1000 MHz, but
this circuit does not lend itself readily
to major extension of frequency range
by bandswitching.

These considerations led to a re
examination of tuning-capacitor design
during the development of the 1026
Standard-Signal Generator (see page
3). The result was a new design, a
translatory-motion tuning capacitor
consisting of a pair of stators and a
sliding plunger in place of a rotor
(Figure I). Given this configuration and
its sliding action, it could not escape
being nicknamed If guillotine." As far
as we know, previous efforts to build
this type of capacitor have never been
carried t.o successful commercial real
ization, presumably because of the
mechanical problems inherent in build
ing a suitable carriage to support the
plunger and in driving it.

Figure 1. The guillotine capacitor, as used In the 1026 Standard-Signal Generator.

17
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Nevertheless, our preliminary work
showed that we could build a one-band
oscillator to tune to at least 700 MHz
with the guillotine, compared with a
top frequency of about 500 MHz with
a rotary capacitor. This was the margin
we sought in order to design for a
500-MHz top frequency in our new
signal generator. The margin was
needed to permit the added inductance
required for bandswitching coil con
tacts and to allow for the trimmers
necessary to provide tracking of oscilla
tor and amplifier circuits without the
need for operator trimmer adjustment.
Furthermore, the plates could be shaped
to provide a linear relation of fre
quency to dial indication without inter
mediate cams for law conversion, and
the plates could be supported at their
extremities to minimize microphonics.
These advantages of the guillotine
design persuaded us to tackle the asso
ciated mechanical problems.

The guillotine is a balanced structure
suitable for both single-ended-oscillator
and push-pull-amplifier service with
but minor differences. Andrew P.
Lagon, of our engineering staff, who
suggested that we use the guillotine
configuration, calculated the plate
shapes to produce the linear tuning law,
which most users find attractive be
cause channel allocations within any
one service are of uniform width and
spacing. Four ceramic rods of high
strength alumina support the pair of
stators on a sturdy aluminum base
plate, which has been stabilized prior
to final machining of critical surfaces.
The base plate also carries a pair of
hardened, vee-grooved rails with three
stainless-steel balls that support the
plunger carriage. One of the rails is
spring-loaded to eliminate vertical and

horizontal play in the carriage. The
carriage is coupled to a rack, also
supported by the base plate. The
plunger and stators are soldered assem
blies of precision-tolerance flat plates
and grooved spacer rods.

A reasonably large air gap (0.022
inch) and careful soldering to minimize
plate distortion make possible very
uniform capacitance characteristics
from one unit to the next. Nevertheless,
the very tight tracking requirements
require adjustment of each capacitor
to a predetermined schedule using
a segmented top plate on the plunger.
Trimming for tube-capacitance varia
tions is accomplished by an auxiliary
balanced capacitor whose stator plates
are supported directly by the main
guillotine stator support rods. In order
to minimize connection inductance, the
tube plate connectors are integral with
the guillotine, and the spring contacts
that mate with the coil turret contacts
are supported at the narrow end of
the stators.

The stability and reproducibility
required of the capacitors for successful
application in the 1026 Signal Genera
tor were verified by extensive tests
at several stages of evolution and on
substantial numbers of capacitors built
for the first lot of signal generators.
This low-inductance design results in
such good tracking of the three 'tuned
stages in the new signal generator that
true single-dial frequency control is
now available to 500 MHz.

~- G. P. McCoucH
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NEW GR874
TERMINATIONS

Figure 1. lIeft,o right) Typu 874-WO and -WOl Open
Clrcuif Terminations and Types 874_WN and -WNl

Short-Circuif Terminations.

In coaxial measurements, it is often
necessary to set up a short or open
circuit at a specific point in a coaxial
line. How accurately that point, called
the refcrence plane, is known is one of
the most important characteristics of
a short- or open-circuit termination.
The GR8f.! short- and open-circuit
terminations (Figure 1) have been
redesigned to establish the reference
plane more accurately and with Icss

variation with frequency. Locking vcr
sions have also been added.

The objective is to place the reference
plane exactly at the front face of the
support bead of the GR874 connector
on the unknown under test (sec Figure
2). How well this objective has been
met is clearly shown in Figure 3, which
compares the reference-plane deviations
of the old and new open-circuit termi
nations.

TOWARD GEN 1-) hTOWARO LOAD (+1

DEFINED REFERENCE PlANE
AT FRONT F>ll.CE OF BEAD

Figure 2. Cross-sec
tion of mated GR874
connecton defining

reference plane.

BRIDGE OR SLOTTED-LINE
CONNECTOR

·UNKNOWN· COMPONENT
CONNECTOR

"'_00.'
7 •6,, 4

FREOUENCY. GHz

,

0 .....
t-874-WO
NEW DESIGN

I
MINUS SIGH

VINDICATES TOWARD
GENERATOR,

~O/l--- OLD DESIIGN,""'"-0.

•z",
~ u. -0.
°z
·0u_
zo."
~~-O.
.0
~

Figure 3. Typical refer
ence-plane -deviation vs
frequency for old and
new Type 874-WO Open-

Circuit Terminations.
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GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS 01781

1 DesChamps, G. A., "A Simple Graphical Analysis of a
Two-Port WaveguiJie Junction," Proceedings of the IRE,
No. 42, p 859, May 1954.
2 Reference Data for Radio Engineers, 4th Edition, Inter
national Telephone and Telegraph Corporation, New
York, p 649.

Applications

Beyond the usual applications for
these terminations, the combination of
874-WN and -WO, together with the
874-W50B 50-ohm Termination, makes
an excellent set for the characterization
of two-ports by the method described
by DesChamps!, 2. The accurately de
fined terminations permit accurate
measurement of the scattering coeffi
cients 811, 812, and 822 of the two-port.

-J. ZORZY

In the open-circuit termination, the
key to the improved performance is a
built-in cylinder made of high-density
polyethylene. This cylinder both pro
vides electrical lengthening and com
pensates for errors in characteristic im
pedance.

In the redesigned short-circuit termi
nation, a solid disk replaces the wide
strip as the shorting device.

The short- and open-circuit termina
tions are designated TYPES 874-WN
and -WO, respectively; the locking
versions are the 874-WNL and -WOL.
The locking terminations are designed
so that the mating locking connector
is disengaged approximately 0.020 inch
to prevent jamming of the contact seg
ments. The reference plane thus moves
toward the load by about the same

amount. Reference-plane
istics for the 874-WOL
Figure 4.

character
appear in

7 8 9
1174.WOL.1A

Price
in USA

$4.50
5.75
4.00
5.25

"lll~:eo

u ..'"

Net Weight

1 oz (30 g)
1Y2 oz (45 g)
1 0:< (30 g)
1Y2 oz (45 g)

Description

w
Z

~ ~. O.....------,---,---......---,----y----.....----,---,----,
IZ __

~S E__J~-==1=::±==±::::::k~~b:::d::::::d:::::::dffiE-o" 2 3 4 5 6
~o FREQUENCY, GHz

Type 874-WN Short-Circuit Terminatian
Type 874-WNL Short-Circuit Termination (locking)
Type 874-WO Open-Circuit Termination
Type 874-WOL Open-Circuit Termination (locking)

0874-9970
0874·9971
0874·9980
0874-9981

Catalog
Number

Figure 4. Reference
plane characteristics
for Type 874-WOL
Open-Circuit Termi-

nation.
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NEW GR900 COMPONENTS

The GR900 and GR874 lines of coaxial
devices continue to expand. The GR900
14-mm precision connector is already
backed up by the most extensive line of
precision components available, and we
now add a precision ell, 13-inch sections of
inner-conductor rod for use in fabricating
precision air lines, and adaptors to 7-mm
p recision connectors.
To the long-popular GR874 line we add a
bias insertion unit, rod and tube for fabri
cating air lines, a keyed panel connector,
and several new adaptors.

PRECISION ELL

,:
Fig ure 1. '

'r'"
In pI' cision coaxial mea uring _y -

tern ,the imple matter of g iug around
corn I' i not 0 impl , and v ry car 
ful de ign i. n cary to achi v a
right-augl turn that will not introduce
reA eti n . , ith the introduction of a
GROOO pI' ci ion II it i now po ibl
to make a 90-d gr turn with a
re idual v. \\'R of I than 1.01 at 1.5

ITz and Ie than 1.02 at 4 ,ITz.
The change in direction tak plac

in a tran mi . i n lin wh axi' d -
scrib a 000 circular arc. The uniformly
varying change in direction along th
arc re ul in an e entially uniform
characteri tic impedance.

1.04

rn th un'ed r('gion of the ell th
conductor' huv(' Rquare cro.. ('dionR.
Where th(': :('C'! ion.' join the tandard
14-mm lin of round ('1"0:;. :('('tion.
coplanar comp n. ation i.. ('mployed.
Th II i-of ('our~ , equipped with
(,IU)OO pr('('i -ion co1111('(' tor:.

The ('I ctrical }('ngth of th(' ('II is
nominally 10 ('m but, b('cau. (' of th('
finite ('urvutur , the ele('triml I ngth
in('rea:e' with in('reasin fn <Juen('y.

Uses

The ell i. e. p ially u. rful in . v tern.•

involving complex inLer('onnedion
wh I' it i n ('('s:ary to min imize
refiection and to maintain pha. e linear
ity a , for in. tanc in pI' i. ion pha 
and a t nuation-muring 'y t m .

For m('a. ur m nt· of di Irdri prop
ertie with the ( O-LB 'Iott d Line I,
it i not alway. con\' ni nt to conne t
the ample hold I' direcll to th
lott d lin. If, for in tanc the

di I ctri to b(' m a. urr I i a liCJuid,
the ample hider u uall mu t b
vertical. 'ertical rien tation i al 0

•

often nee . ary for 'ample holdrr
plae d in nvironmrntal chambers. In
uch appli ation the ell conn ct the
ample holder to the 10 ted line wi th

vel' little 10. in ac uracy.

'~. F. Gilmore... Me ur men I. of Dielectric :\1aterial.
with the Preei ion Slott.ed Line. tI General Radio EZptTi
_nttr, May 1 66.

1.03
a:
~ I.a!
>

LOI

,
SPECIFICATION -

TYPICA~

':igure 2. VSWR charaderislics of
precision ell.

I 2 345 6
FREQUENCY -GHZ
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SPECIFICATIONS

D ('rip/ion

Type 900-EL Precision 90° Ell

Frequency Range: Dc to .5 GHz.
Characteristic Impedance: 50 !I ±O..Jcc at fre
quenc-ie where skin eITect i n('~liKibl('.

VS WR: Le than 1.00 J + 0.00-1 lous. :-:('(' curve.
Electrical Length: [10.00 + 0.001-1 (foas)!
0.021 em.
Insertion Loss: Le than 0.011 lou. dU.
Maximum Voltage: 1500 V peak.

Catalog
umber

0900-9527

Maximum Power: 10 k\\' up lo 1 ~IHz;

10 kW/ I ..us above I :'11Hz.
Mating Dimensions: 2.0(j(j in. (5.2-16 em) from
('enler line of on(' connector to r fcrencc planc
of ccond conncctor.

Over·all Dimensions: 2 IllIG by 2 11/16 by
7 in. (6 by 6 by 22 mm).

Net Weight: 10 oz (2 0 g).

Pric
in [' A

---
$180.00

ADAPTORS TO 7-MM CONNECTORS

/)escrip/ion

Type 900-QAP7 Adaptor (GR900 to APe-7)
Type 900-QPF7 Adaptor (GR900 to Dezifixl Precifix Al

Two nrw adaplor p rmit int r an
n tion of GR900 and 7-mm coaxial
connector.

The TYPE 900-QAP7 mat s "lR900
with thr Amphenol P -7 c nn etor,
and th '!YI'F; 00-QPF7 mate. TR~)QO

with the Rohd & chwarz Pre 'ifix A
and D zifix nnector .

('a/a/.()g
N limber

0900-9791
0900-9793

SPECIFICATIONS
Frequency Range: Dc to .5 c: H z.
Characteristic Impedance: 5 .0 fl nominal.
VS WR: Less than 1.00:3 + 0.002 lou•.
Maximum Voltage: 1000 V peak.
Maximum Power: • kW up to 1 :'11Th;

(j k\\' I I ..u. abovc I :'11Hz.
Dimensions: Length 2 1/. in. (51 mm); max dia
HI in. (21 n\lll).
Net Weight: 3 1z 07. (100 g).

Price
in {' 'A

$110.00
110.00

PRECISION INNER-CONDUCTOR RODS
Prcci -ion rod and tub ha\'e b en u to maintain mol' rigid contr I f

availabl from CIt for orne time f r critical dimen ions.
th eu lam fabrication of pr rision \ limit d supply of thC' old 27-inch
air line', liding load, sample hold r, rod ();o. 0900-\);>0 ) i till on hand,
shorl and open circuits, et('. The' and the e longer rod' will b hipp d
27-inrh pr ei ion rod formerly suppliC'd on order unlil the. upply i exhau ted.
is now replaced by l;~-inch lengths PI' cision au er-col ductor tube ( -0.

available in pairs by catalog numb r 0900-9509) will ('ontinu a b old in
0900-9.507. The shorter length allow 27-inch length.

SPECIFICATIONS

Description

Material.: entRrles -ground, slrr. -relirved,
ilver-layered bras rod (two supplied).

Outer Diameter: 0.2-1-125 inch.

Accuracy of Diameter: ± 65 microinchc .

Catalog
Sumber

Uniformity of Diameter: ± 25 rnicroinches.
Surface Finish: 20 mirroinche I max.
Straightness: 0.003 TrIl, max.
Length: 13 inch (330111111). Weight: 7 oz (200 g).

Price
in I' A

4

0900-9507 Precision Coaxial Rod $22.00 per pair
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NEW GR874 COMPONENTS

NEW ADAPTORS

Type 874-QMMJType 874.QMMP

Type 874-QAP7l

Adaptor ar available from R 7-t
to O,'J'd-type minialur conn clor. and
to Amphcnol APC-7 pI' ci. ion 7-mm
conn ctors.

Four ~R 7el-to-O, ;\1 adaptor CO\'er
the mating I' quirement. to both male
and f male .'!.T': in locking and n n
locking \·er. i n.. Thp1-;(' adaptor:; mate
with th following conncetor type :
.nu;'I, BInI, EH 2\I, TI R ,J\1 B-

;)0 'P2\I, 0 ~I, , 101, • L\l, and
:RM. 1'h V:WR characteri tic (Fig

ure :3) apply only wh n th mating
'onnector ha th mating dimension
'hown in Fi ur -to

1'h n w TypJ<.: 7-l-QAP7L Adaptor
male a locking or llonloeking R H
('onn ·tor with an .\mphcnol AP -7
7-mm onn ctor. The typical V:WR of a
inglc adaptor i shown in Figure 5.

Figure 3. VSWR characteristics
of Types 874-QMMJ and
·QM MP Adaptors. (Values are

typical for single adaptors.)

9873 4 5 6
FREOUENCY GH'

2I

J

/
:,./

- ,

~
~/

874 -OMMP 8 8H - OM PL 2:":' / ~- -
/' - / "-. - ./:-..

~./.'
....-: 1 ~r4-0Mt 8 8~4-0MMtL

1.02

1.08

1.06

a:
~
V> 1.04
>

-... 0.08S!0.00S

0.0041 0.004

0.003 RAOIUS ( AX) r--0.l79!0.001 CIA
O.l17! 0.001 CIA

0.0360!0.OOO3 CIA-

f I

r--O.181!&gg~ DIA

.--0.162!0.001 CIA

0.055 !O.DOl OIA (CIELECTRIC)
---'- 0.0510 tOD005 (CIA Of' COHTACT

I WITH 0.0360 CIA PIN I SERTEC)

I- /

0.003 RACIUS(MAX)

0.076 ±O.ool----I

o.004!0.004

Figure 4. Critical mating dimensions for Types 874-QM MJ and -OM MP Adaptors.
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1.04

1.03

1.01

HTYPICAL

/
/"

Figure S. Typical VSWR charac
teristics of Type 874-QAP7L

Adaptor.

I 2 3 4 5
FREOUENCY GHt

6 7 8 9
IEQ ....n-/l

SPECIFICATIONS

Descriptilm

Frequency Range: Dc Lo 9 GRz.
VS WR: 'cc curves.

Catalog
Number

Impedance: 50 ohms.
Maximum Voltage: 1000 V peak.

Mat
Includes With

0874·9722
0874-9723
0874-9822
0874-9823
0874-9791

Type 874-QMMJ Adaptor
Type 874-QMMJL Adaptor, Locking
Type 874-QMMP Adaptor
Type 874-QMMPL Adaptor, Locking
Type 874-QAP7L Adaptor

OSM jack OSM plug
OSM jack OSM plug
OSM plug OSM lack
OSM plug OSM jack

Amphenal APC-7

BIAS INSERTION UNIT

u
1\

"l\

BIAS
TERMI ALS

~ )~.~----;j?

--

Figure 7. Schematic dia
gram of Type 874-FBL

Bias Insertion Unit.

on mieonductor. It con i ts of a
coaxial tee with de blo king in one arm
and filtering in th oth r (sec Figur 7).
The filt ring is especially h lpful in
tran istor measurem nts where I w
fr qucncy isolation i required to pr 
yen 0 illation.

Figure 6. Type 874-FBL
Bias Insertion Unit.

The TYPE 74-FBL Bia In ertion
Uni t (Figure 6) is used to bias coaxial
devices and i a valuable component in
-lotted-line immittance measurements

- /1
i ; : SPECIFICATION /- I I v--- --------- __J L ___

71 /- ~TYPICAL _4\: \.

"r-

1.8

L6

IX:
~
CI) l. 4
>

I. 2

Figure 8. VSWR characteristics of Type
874-FBL Bias Insertion Unit. I 2 3 4 5

FREOUENCY GHz
6 7

1"40 '."1
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SPECIFICATIONS
:)00 ~rTTz to ~ GHz ( xc pt 2 dB at approx
1. GH z), )<,s than O. dJ1 from :3 to 5 GlIz.

Dimensions: -IV by 3 7 in (115 by!l mm).

Net Weight: .} 2 OZ (1 5 g).

Current Rating: 2.5 A.
Voltage Rating: 400 .
VSWR: I<'e curve.
Insertion lass: Typically lc~ than 1.7 dO from

De criplionCatalog. umber

0874-9759 Ii--Type 874-FBl Bios Insertion Unit

Price in 1.: A

$75.00

NEW KEYED PANEL CONNECTOR

Figure 9. Type 874
PBRlS8A Keyed Panel

Connector.

A new r (' -sC'd, locking ;R 7-l- panel
conn ctor ha~ b<'C'1l d sign d for tho e
who I' quire po~iti\,C', fix orientation
of th (. nneetor with I' ::ip ct t th
panel. 1n th ncw - 4-P 13 HL.\ fa mily

Catalog XUII/lier Type

f ann 1', a key on h r w-
m unted pan I flan engag a k -
\Va' n th id of he ('anne tor a that
wh n th a embl i campi t d the
ann ctor cannot rotate e\'en if the

clamping nut 10 ell.
Five mod I of thi n \ connect.or

ar availahl to cover a wid ran f
cable ,iz s. General p cificati n ar
the am a' tho for th r R 74
panel conn ctor Ii t d in our catal g

•

Fils Pric in ['.. A

0874-9481 874-PBRlA
0874-9483 874-PBRl8A

0874-9485 874-PBRlS8A

0874-9487 874-PBRl62A

0874-9489 874-PBR1174A

874-A2 cable $6.60
(SO·ohm) RG.8A/U, -9B/U, .10A/U, -87A/U, 6.60
-116/U, .IS6/U, -16S/U, -166/U, .213/U,
.214/U, -21 stu, -22S/U, -227/U i (non SO·ohm)
RG-l1 A/U, .12A/U, .13A/U, -63B/U, -798/U,
.89/U, -144/U, .146/U, -149/U, .216/U cobles
(SO.ohml 874-A3, RG-29/U, -SS/U (series), 6.60
.S8/U (seriesl, -141 A/U, .142A/U, .IS9/U,
.223/U cables
(non SO·ohm) RG-S9/U, .62/U (series), -71 B/U, 6.60
-140/U, -21 O/U cables
(SO-ohm) RG-174jU,.-188/U, -316/U; (non SO· 7.45
ohm) RG-161 /U, .179/U, -187/U, -298/U cables

ROD AND TUBING
Rod and iubing are n \\' a \'ailable for

fabricating cu -tom GR --1 camp nent
and air line. Th . tubing i a 1;j i-inch
ection of Iballoy-plated bra , wi h

an out I' diameter of 0.G2-t (+0.000
-0.002) inch and an inner diam t r f
0.5625 (±0.001O) in h. The rod, al a
15~ inche long, i' of high-conductivity

ih· r-pla d bra with a diam t r of
0.2H2.~ (±0.0002,·) inch. haract r
i,tic imp dance of a coaxial lin made
up of thi r d and tubing i 5 ohm
±O.:37;j . End ar air ady machin d
to accept 7-t-B or -BBL connector
and machinin in true ion ar included
f r horter ection.

Catalog umber Descrip~'on Price in ' A

0874-9508
0874-9509

Inner-Conductor Rod
Outer-Conductor Tubing

$4.00
4.00

7
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Figure 1. Type 1493 Precision Decade Transformer.

THE TYPE 1493 PRECISION DECADE
TRANSFORMER

Figure 2. Diagram illustrating use of the 1493 in
measurement of the ratio between the magnitudes

of two impedances.

calibrate other ratio transformers. In
educational and experimental labora
tories it can be used as two of the
adjacent ratio arms in many different

,

C21!

,, ,,
Zz~ Nz Rz , L2 ,..

1, ,
,)

I~
) NO MUTUAL,

" , INDUCTANCE1
z,~ N, R,

, c'T: L, , I, ,.
I : I

" '''-. y' 1/49.1-121CASE OR SHIELD

2

z,L,

~ CASES GROUNDED

R,

+', l;l

N,

o N, R, (2 L, z,
-:: "'-:-=-E-
1- a N2 R2 (, L2 Z2

1
(Reversal of ( subscripts coused by Xc =. (,)

IW

I " TYPE 1493

I

H' I }zOSCILLATOR I I NULL DETECTOR
. @Cd)GEN

I G

I ~ }zCASE
LO i I I

I II !-0.1 L

- -.

The new TYPE 1493 Precision Decade
Transformer (Figure 1) is much more
than just another "ratio box." Its
accuracy (±2 digits in the 10-7 decade),
range (-0.1111111 to +1.11111110),
resolution better than 1 part in 109

(with auxiliary equipment of appro
priate sensitivity) and convenient, lever
switched, in-line readout set it apart
from conventional ratio transformers.

Ratio transformers have been around
for a long time. Most of our readers are
probably familiar with their funda
mental use in the measurement of an
unknown turns ratio or of the magni
tude ratio between two similar im
pedances (Figure 2). The addition of
the resistor and capacitor shown in
Figure 3 permits a closer measurement,
by narrowing the null through phase
balance. More complex circuits permit
ratio measurements with a repeatability
of a few parts in 109•

Acceptable for calibration by the
National Bureau of Standards, the 1493
can be used as a primary standard to

8
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Figure 3. Setup similar to that of
Figure 2, but with resistor and
capacitor added for phase balance.

Z,

":" CASES GROUNDED

+1.1 t: Jl
TYPE 1493

I I
HI I I PHASE PHASE REVERSAL

CORRECTION /OSCILLATOR I I R/' C
NULL DETECTOR Z

@Q)GEN I I I /' <;WITCH G

}CASE '---
LO I I :

I II J-0.1~

-- 149.]-1

transformer bridge circuits for accurate
impedance measurements.

Since the 1493 accuracy is basically
determined by fixed turns ratios and by
the relatively invariant properties of
magnetic cores, no appreciable degrada
tion of accuracy with time should occur.
Calibration should literally last a life
time, barring acciqents.

The departures from tradition can be
sensed from a look at the front panel
(Figure 1).

The decade switches are the finger
tip-lever type introduced by General
Radio on the TYPE 1615-A Capacitance
Bridge. 7hough they have been modi
fied to meet the requirements of the

1493, they retain the convenient short-
throw traverse from -1 to X (or 10),
as well a the easy-to-read, horizontal,
in-line, digital display.

Seven of the levers control step
switches; the eighth controls a con
tinuous slide-wire decade that can be
switched in to yield essentially infinite
resolution.

The Transformers

The 1493 is an assembly of four
separate transformers interconnected
to produce seven switched decades (see
Figure 4). Each transformer winding
uses a multifilar cable whose individual
conductors are all taken from the same,

•

Figure 4. Schematic diagram showing interconnection of the four transformers.

TRANSFORMER
#1

TRANSFORMER

#2
TRANSFORMER

#3
TRANSFORMER

#4

OUTPUT

SLIDE
WIRE

,--<>LO

_"HI

OUT

IN
- -- --' S8

S7

56

S5

S4

S3

S2

SI

INPUT

HI <>--~

LO<>--=--+-.

-1.1 <>----,

-0.1

9



the ~ Experimenter

*Position of ...- switch determines setting of significant digit.

•

•

,
0.5

VOLT

"p" ---II

10-'
DECADE
(SET TO

4)

s
III --,L:.o :
III 9 0.1 VOLT

(TO 10-' DECADE)
III..-.~

III •*
tl--_· II ~1

11 '---~

~-.,.* 6 II
" II I
:T, - -(II I

I II I
:}.---Ilil

I II I
[~- -111 I

I II I:..... _- III'" )i
L--I----'L-~~~,:: _.;;

LJI ~_I I.J

10'3
DECADE

• (SET TO
6)

n
'-'$J

I
"
0,,- II I

.-----~III

II I
I II I
III I

10 VOLTS

10-'
DECADE
(SET TO

5 )

I 7* 5,
I,
I
I
I,,

4.5
VOLTS

Figure 5. Diagram showing bridging connections
of adjacenllransforme...

Ten sections of the primary winding
of the second transformer are bridged
across successive decade sections of the
first transformer by the action of the
10-1 decade switch (Figure 5).

Note that the connections to these
1'0 sections do not coincide with the
primary taps but are placed midway
between adjacent taps. This displaces
the normal voltage per tap by one-half
the section voltage. To compensate for
this displacement, the secondary wind
ing connection is made to the midpoint
rather than to one end. The double
offset results in a correct ratio indica
tion from the switch settings. This
switching scheme, unique to the 1493,
offers two major advantages: (1) Maxi
mum internal impedance (resistance

wire spool to ensure equality of resist
ance. The cable is randomly disposed
and lightly twisted and then is wound
on an unusually large high-permeability
core, with uniform spacing over 360
degrees. Individual conductors are con
nected end-to-end, aiding, and taps are
brought out from certain junctions and
ends. After testing, the four transform
ers are hot-sealed in a magnetically
shielded catacomb. The sealant im
mobilizes the transformers and their
connections and keeps out moisture. A
second complete performance test fol
lows sealing.

Gilbert Smiley came to
General Radio in 1943
from General Control
Company, where as
Chief Engineer he was
active in industrial auto
mation deveropment. An
engineer in GR's Indus
trial Instruments Group,
he has specialized in the
design of transformers
and other iron-core de
vices and is largely re
sponsible for the Dura
trak brush-track coating
used on Variac® auto
transformers.

Switching Scheme

The switching of the 1493 Precision
Decade Transformer differs from that
of other units in several important
respects. The first transformer has but
one, 12-section winding. Its 10 center
sections are connected to the input
terminals, and the two end sections
provide -0.1 and +1.1 over- and
under-voltage connections. With only
one winding on the first core, we are
able to use the largest wire size capable
of meeting the requirements for core
excitation. Large wire means low re
sistance and reduced regulation errtJr
from loading.

10



and leakage inductance) is substantially
reduced, and (2) internal impedance is
kept more nearly constant versus ratio,
a matter of considerable importance in
many measurements.

As one proceeds from input to output,
accuracy restraints are relaxed by an
order of magnitude per decade. Con
sequently, transformers 3 and 4 have
fewer turns on smaller cores. The reduc
tion in turns lowers the contribution of
these two transformers to internal
impedance.

One conductor of the multifilar
secondary winding on transformer 4 is
isolated from the winding proper to

April 1967

form a tertiary winding, which is
traversed along the secondary by the
10-7 switch. This winding, supple
mented by one additional turn around
the core, aiding, drives the slide wire.
The aiding turn, plus an adjustable
resistance in series with the slide wire,
allows the slide-wire voltage to be
made equal to one step on the 10-7

switch. The tertiary winding and aiding
turn connect to the slide-wire zero
through a knife-edged contact to
minimize zero ambiguity. A two-posi
tion switch permits operation of the
1493 with or without the slidewire,
as desired.

- G. SMILEY

SPECIFICATIONS
RANGE: -0.1111111 to +1.11111110 with 7 OUTPUT
step decades and continuous slide-wire decade in Impedance (dependent on ratio setting): Max:
10-8 position. Each step decade adjustable 3.5 n, 62 ILH; min: 0.5 n, 6 ILH. With slide-wire
-1 to X (10). Continuous decade adjustable decade switched out, max resistance is reduced
oto X. to 2.7 n.

Description

ACCURACY

Linearity: Indicated ratio, measured at 100 V,
1000 Hz, with a resolution of ± 1 x 10-9, agrees
with a standard calibrated by the National
Bureau of Standards to within their limits of
uncertainty, stated as ±2 digits in the 10-7

decade. At frequencies from 50 Hz to 2 kHz,
ratio accuracy is approx ± 1 digit in the 10-6

decade. Incremental accuracy of last 4 step
decades will be better than ±2 parts in 10'.
Continuous decade accurate to ± 1%.
Phase Error (at 1 kHz): < ±6 microradians for
ratio settings from 0.1 to 1.0; < ±-10 ILrad for
0.01 to 0.1; < ± 125 ILrad for 0.001 to 0.01.

INPUT

Max Voltage: 350 V; below 1 kHz, 0.35fHz V.
Impedance: > 150 kn at 1 kHz; > 20 kn from
100 Hz to 10 kHz.
Direct Current: No dc should be applied to input.

Catalog
Number

Max Output Current: 1 A.

GENERAL

Terminals: Gold-plated GR 938 Binding Posts.
Accessories Available: Recommended generator
and null detector for precise comparison or
bridge applications: the 1311-A Audio Oscillator
and 1232-A Tuned Amplifier and ull Detector
or the combination 12±0-A Bridge Oscillator
Detector.

Cabinet: Rack-bench. End frames for bench
mount or rack-mounting hardware included.

Dimensions (width x height x depth): Rack, 19 x
7 x 8% in. (485 x 180 x 215 mm); bench, 19 x 7%
x 1O%: in. (485 x 190 x 275 mm).

Net Weight: Rack, 28lb (12.7 kg); bench, 30 Ib
(13.6 kg).

Shipping Weight: Rack, 41 Ib (18.7 kg); bench,
43 Ib (19.6 kg).

Price
in USA

1493-9801
1493-9811

Type 1493 Precision Decade Transformer, 8ench Model
Type 1493 Precision Decade Transformer, Rack Model

$1100.00
1100.00

As we went to press we learned, with deep regret, of the
sudden death of Mr. Gilbert Smiley, the author of the above
article.

11
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NEW VOLTAGE DIVIDERS
OFFER RESOLUTION TO 10 PPM

Our popular resistive voltage dividers
have passed through another stage of
evolution. The" new breed" is the 1455

•series, of which there are five verSIOns.
Beyond an obvious improvement in
cosmetics (Figure 1), the new dividers
boast tighter specifications and two
five-dial units that extend resolution
down to 10 parts per million.

Because these dividers are being used
increasingly as adjustable elements in
measurement and control systems, we
have slimmed the package down to
3~ inches and offer both bench and
relay-rack models. Also, connections
can be made at the rear as well as at the
front and the readout is in-line.,

The five versions are the TYPES
1455-A, -AH, and -AL, and the TYPES
1455-B and -BH. The three -A dividers
are four-dial units with a ratio range of
0.0001 to 1.0; the two -B's have five
dials and a ratio range of 0.00001 to
1.0. An H in the suffix indicates a high
impedance rating and consequently
greater voltage-handling ability (up to
700 volts); the 1455-AL is a low
impedance divider useful at radio fre-

•quenCles.

Uses

The decade voltage divider is an
established means of obtaining accu
rately known voltage ratios. Among its
many uses are the calibration of volt
meters, linearity measurements on con
tinuously adjustable autotransformers
and potentiometers, measurement of
gain and attenuation, precise measure
ment of frequency-response character
istics of audio-frequency networks, and
the determination of transformer turns

•ratIOS.
The new 1-kn 1455-AL will be found

useful in testing voltmeters at low
radio frequencies. It has a 3-dB
response to 7.5 MHz and an output
error of less than 1% at 1 MHz. Its low
output impedance will make it attrac
tive in many other areas where its low
input impedance and voltage rating are
not restrictive.

Some Comments on

Accuracy Specifications

When these Kelvin-Varley dividers
first appeared, we specified accuracy
as a percent of reading. Later, the

Figure 1. Type 1455-BH Decade Voltage Divider.

12
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for the linearity of settings for which the
first few dials are set to zero.

(Actually, the old accuracy-of-read
ing specification was more stringent at
many settings but didn't sound as good.
For those who prefer an accuracy-of
reading specification and understand
that it in no way negates the linearity
specification, our old statement of
±O.04% of reading still applies.)

This linearity specification is some
what complicated by the fact that
the accuracy at very low settings
depends somewhat on the method of
connection, because of the residual
resistance in the internal wiring and
switches. Absolute linearity is deter
mined with respect to the voltage out
put at zero setting; thus by definition
there is no error at the zero setting.
This type of linearity applies when the
zero value of the measured device can
be set equal to that of the divider.
Consider, as an example, the compari
son of two dividers using lead compen
sators (Figure 2), which are adj usted to
bring the zero and unity points of both
to coincidence. .

When the divider is used as a simple
three-terminal device, as shown in
Figure 3, the voltage drop in the divider
switches and wiring causes a small
residual error (see Specifications). Al
though this error is quite low because
of the silver-overlay multiple-contact
switches used, at very low settings it
can become a limitation on perfor
mance. When the input and output
circuits do not have a common ground

DIVIDER TO BE
CALIBRATED

PENSATOR

PENSATORLEAD COM

A

_ STANDARD
J- DIVIDER

B
LEAD COM

Figure 2. The comparison of two dividers with
lead compensators.

use of the term "linearity" became
popular for both resistive and ratio
transformer-type voltage dividers. Lin
earity here is essentially a percent-of
full-scale accuracy specification and
equals the percent-of-reading accuracy
times the indicated value. Because the
indicated value is always less than 1,
the linearity specification is a lower
number than the percent-of-reading
specification and therefore appears at
first glance to represent greater ac
curacy.

We recognized the trend and included
an over-all linearity specification, but
we kept the percent-of-reading specifi
cation because it was the more stringent
at low settings. Unfortunately, this
created some confusion, for, although
we meant both specifications to apply
at all settings, some people felt that
the percent-of-reading specification was
overriding and that there were settings
where the linearity specification did not
hold. In order to clear up this point,
we have gone over to the linearity
specification completely and have ex
tended it to all dial settings. This
results in somewhat amazing numbers

DECADE J-oe-- VOLTAGE
DIVIDER NULL

INDICATOR

POTENTIOMETER
UNDER
TEST

Figure 3. Divider connected to measure
ldSlC potentiometer linearity.

13
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L..::...J

Figure 4. Divider connected to test low-level
voltmeter.

and the output i taken b tween th
output erminal, thi voltag drop
can b largely campen ated for and a
tighter p cification i po ible. An

DECADE
~_L , VOLTAGE--

STANDARD
DIVIDER .,.

METER

METER
UNDER
TEST

• •

example of uch a fouI-t rminal mea 
urement i the circuit for ch king a
low-level voltm t r hown in Figure 4.

Extensive xperienc with the re
istor u d enabl u to pIa a

±20-ppm, two-y r linearity pecifica
tion on the flv -di i model and ±30
ppm on th higher-impedance four
digit one. The -AL model is p cified
at ± 0 ppm.

- II. P. HALL

A bricf biographi al k tch of Mr. Hall
appeared in the June 1966 Experimenter.

SPECIFICATIONS

Type:

Diala:

Input Resistance:

Input Voltage Rating:
May be 20 ppm linearity change at
full rating ( e blow)

Frequency Response U. at 3 dB dO\yn):
(unloaded, at max output
resistance s Wng)

Resolution (in ppm of input):

Linearity

Absolute Linearity (in ppm of input):
utput taken with respect 0 ou~

put z ro e ting at low audio fre
qu ncies \dth input voltag < 1~

rating.
Rallo

0.00001 to 0.000 10
0.00010 to 0.00100
0.00100 to 0.0 I 000
0.010 0 to .10 00
0.10000 to 1.00000

Terminal Linearity (in ppm of input)
(add to ab olute linearity):

Four-terminal (output with respect to
low ou tpu t t rminal):

Three-terminal (low terminals com
mon or output with r p ct to low
input terminal):

Max Output Resistance:
(input horted)

Effective Output Capacitance:
(typical, unloaded)

14

14SS-AH

4

100 kn

700

5 kHz

100

-
± 0.2
± 2
±15
±30

± 0.004

± 0.02

27.9 kn

7 pF

-A

4

10 kn

230 V

50 kIIz

100

-
± 0.3
± 2
±15
±30

± 0.04

± 0.2

2.79 kn

7 pF

-AL

4

I kn

70 V

7.5 ~1Hz

100

± 0.7
±. 3
±20
±50

± 0.1

± 2

333 n

67 pF

-BH

5

100 kfl

700

69 kHz

10

± 0.02
± .2

2
±IO
±20

± O.OO~

± 0.02

2. kfl

opF

-B

5

10 kfl

230 V

o kfTz

10

± 0.03
± 0.3
± 2
±IO
±20

± 0.04

± 0.2

2. kn

opF



Frequency Characteristic:

Act.'! like simple nc circui t below f. so that
E. r acling

Eon = ~1 + (f.y"
Tabulated value of f. is at setting that gives
max output resi tance so that I. at all other
settings is higher. At 0.044/., r ponse is down
< 0.1 %.
Accuracy of Input Resistance: +0.015%, except
for 1455-AL, which i +0.025%.
Temperature Coefficient: < 20 ppm for each
resistor. ince voltage ratio are determined by

April 1967

resi tors of similar construction, net ambient
temperature eff ct.'! are very small.

Dimensions (width X height X depth): Rack
models, 19 X 3~ X 4% in. (4 5 X 9 X 120
mm); 4-dial b nch model , 14~ X 3~ X 6 in.
(375 X 9 X 155 mm); 5-dial bench models,
17~6 X 3 11 X 6 in. (455 X 9 X 155 mm).

Net Weight: Bench models, 4-dial, 6~ Ib
(3.1 kg); 5-dial, 7X Ib (3.6 kg).

Shipping Weight (e t): B nch model, 4-dial,
7~ Ib (3.5 kg); 5-dial, 111b (3.9 kg).

Add approx 1 Ib (0.5 kg) to net and shipping
weight.'! for rack mod I .

Catalog
umber

14SS-9700
14SS-9702
14SS-9704
14SS-9706
14SS-9708

14SS-970 1
14SS-9703
14SS-970S
14SS-9707
14SS-9709

Description

Type 1455 Decade Voltage Dividers

Bench Model.
14SS-A, 4-dial, 10-kfl
145S-AH, 4-dial, 100-kfl
14S5-AL, 4-dial, l-kfl
14S5-B, S-dial, 10-kfl
14SS-BH, S-dial, 100-kfl

Rack Madels
14SS-A, 4-dial 10-kfl
145S-AH, 4-dial, 100-kfl
1455-AL, 4-dial, l-kfl
145S-B, S-dial, 10-kfl
14SS-BH, S-dial, 100·kfl

PULSES FROM

THE TONE-BURST GENERATOR

Price
in USA

$215.00
215.00
215.00
255.00
255.00

222.00
222.00
222.00
260.00
260.00

We ar indebted to Mr. R. . Caddy,
enior Lecturer at the niver ity of

New outh Wale, for pointing out the
u eful propertie of the neral Radio
Tone-Bur t Cen rator, TYPE n9G-A,
as a pul e g nerator. If the in trument
i conn cted as for its usual application
of producing tone bur t (int rrupted
or gated sine wave) and if the inu-
oidal signal i removed from the gate

input and r placed with a de ignal,
the output become a pulse. Th output
is limited to about 7 volt positive or
negative behind 600 ohm . The prf
is controlled by the ac ignal applied

to the TIMINC INP '1' terminal . If this
timing- ignal frequency i wept, the
timing cir 'uit of the [;396 will maintain
a constant duty ratio by ke ping th
output-pul e duration a fixed number
of period. of the timing ignal.

If one alternately produce pulses
and tone-bur. t by switching th gate
input from a de to a sinu oidal ignal
source, the all tpu t ignal from the
tone-bur t generator will have approxi
mately he arne hape frequency pec
trum, but it will be eenter d at de
in th former ca e and at the sinusoidal
frequ ncy in the latter.
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frec on l' que t.
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THE NEW

GENERAL RADIO

MICROPHONE

•
•._-

Figure I. Types IS60-PS (Ie't)
and lS60-P6 Microphones.

If you think that piezoelectric microphones
are too temperature-sensitive for precision
measurements, the following article has a
few surprises for you. New lead zirconate
titanate ceramic microphones have per
formance characteristics formerly associated
only with expensive condenser microphones.

In tbe continuing ear 'b for improved
accuracy in ound measurement much
Ilffort ha gone into improving the char
act ri tics of microphone becau the
microphon u ed i oft n regarded a
the limiting factor in the accuracy of
the m a urement. Becau of tb long
and continued d velopment ffort ap
plied to the c nden er microphone, par
ticularly at the Bell Tel phone Labora
torie 1 and the exten ive work on its
calibration in many laboratorie all over
the world, the conden r microphone
very early gained wide aceeptance a
the be t microphon for accurate ound

mea urem nt. Tbi acc ptan e wa
achieved in spite of the inheren di
advantages of the conden er micro
phon a compar d with the pi zoelec
tric microphon , which i al 0 widely
u ed for sound m a urem nts. These
di ad\'antag are the ne d for a very
high-input-impedanc preamplifier up
plying an ac 'urat ly knowh high dc
polarizing voltage, mailer dynamic
range, and greater en itivity to th
effect of humidity. There are, h wever,
everal reason' for the wide ac eptance

of the conden er mi rophone. Tho
unit that hav bc n carefully d igncd
and built, uch a the 'Ye tern Electric
610.\A onden er ~Iicrophone, have a

I E. C. \Ven e, II A Condenser Transmitter a.8 a ni(ormly
ensitive Instrument for the "'\,bsolut ~Iea8urement of

Sound [ntensit ," Physical Revi,,,', Vol 10, 1917, pp 39--£3.
E. C. \Vent ," easi iv-ity of the Electrostatic Transmitter
for ~1easunng unrl Intensities, .. Physical Rfl'ie",. Vol
19, 1922, PP 478-503.
L. O. ivian," Absolute alibration of ondenser 1Ilicro
phones." B,ll System Techntca! Jo"rnal. \'01 10, No I,
January 1931, pp 6115.
111. . Hawley... The Condenser ~[ierophoneas an Aeous
tic tandard," Bell [,abora'ori" Record. Vol 33, No .,
January 1955, PP 10.

This month's cover - GR tests everyone of its microphones for frequency
response, sensitivity, capacitance, dissipation foctor, leakage resistance, and
linearity to 150 dB.

3
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Figure 2. Typical response
curves for random, parallel,
and perpendicular incidence.

4

smooth frequency re ponse, and the
temperature coefficient i mall. If they
are carefully handled, their calibration
i table with only moderate aging
effects. Furth rmore, conden r micro
phone of thi type can be calibrated by
fundamental technique in an acou tic
cavity and they have a high acou tic
impedance.

Recen development in piezoelectric
microphone have demon trat d, how
ever, that all the e de irable feature
can now be obtained by the proper de
sign of the piezoel ctric microphon and
at a lower over-all co t. Becau e of the
additional inherent advantage of the
piezoelectric microphone, w believe it
will become the preferred microphone
to u e for acou tic mea urem nt .

~Io t of the early piezo I c ric micro
phones for ound mea urement used a
Roch lle-salt cry tal a th en itive
element. Although table and phy ically
rugged tho microphone did not have
a high acou tic impedanc , and they
could not b ati f.actorily calibrated
in an acou tic cavity. They al 0 had
more eriou fault, b cau e Rochelle
alt i a ily damaged by exposure to

only moderately high temp rature
(56°C), and the microphone capacitance

'B. Jaffe. R. S. Roth. and S. i.\bryallo... Properties of
Piesoelectric Ceramics in the Solid-Solution rie. Lead
Titanate-Lead Zirconate-Le&d Oxide: Tin Oxide and Lead
Titanate-Lead Hafna e." Journal of R...areh of the
National Bureau of Standard•• Vol 55. 1\0 5. November
1955. pp 239-254. .
IE. E. Gro••• "TYPE 1551-C Sound-Level Meter." Gen
eral Radio Experimenter. Augu.t 1961.
'B. A. Bonk, .. Absolute Calibration or PZT Micro
phone.... GeneraL Radio Ezperirrunler. April- by 1963.

•

wa highl dependent on t mperature.
A great advance in piezoelectric

microphone wa made pos ibl by the
development of the lead zirconat
titanate 2 piezo lectric ceramic element.
The u e of thi rna erial eliminated the
disadvantage of Rochelle salt, ince
thi new material can b obtained with
excellent tability to 1000 e and the
capacitance of the ceramic element i
relatively independen of temperature.

The TYPE 1560-P3 and 1560-P4
l\ficrophone,3 upplied on our sound
mea urin equipment until recently, u e
this material, and a a re ult, they are
table and rugged, and their character

istic are e sen tially independent of
normal temperature variation. They
can al 0 be calibrated by reciprocity
technique in a clo d coupler.4

When the e microphone became
available, the mo t important reasons
for u ing the conden er microphone
were elimina ed, and the TYPE 1560-P3
:'1icrophone ha been widely used for
ound mea ur ment . :'1any measure

ment , however have been tandard
ized to use the condenser microphone,
which had a diameter of 0.936 inch
in contra t wi h the 1Y8 inche of the
TYPE 1560-P3.

Therefore, th next tep in the devel
opm n of the piezoelectric measure
ment microphone wa th adoption of
this tandard diam ter. the same
ime it wa found possible to obtain a

significant improvement in the r pon e
characteristic.
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The re ult of thi development i the
new TYPE 1560-Pi5 ~li rophone, hown
in Figure 1 manufactured by the G n
eral Radio ompany, and now u d on
GR acou tical in trument . It ha the
same diam ter and e ntially the am
acou tic impedanc a the cond n er
microphone, 0 that it is suitable for
application where heretofor only con
den r microphone have been u ed. Its
frequency re pon e i better than that
of any pr viously availabl sen itive
piezoelectric microphon and i similar
to that of the WE 6-100 ,\. ond n er
Microphone up to 15 kHz.

Details of Construction

to uch an audio connector a the TYPE
1560-P6 i\Iicrophone A mbly, also
shown in Figure 1. It i now also sup
pli d on the TYPES J565-A and 1551-0

ound-Level Meters and a part of the
TYPE 1560-P40V Preamplifier and Mi
crophone et. 5

Frequency Response

The microphone is de igned to have
a nearly flat re pon to ouod of ran
dom incidence. Figure 2 how a typical
re pon e curv of the microphone for
random, parallel, and perpendicular
incidenc , 1\10 t of these microphones
follow the random-incidence curve with
in ±1 dB from 20 to 7000 Hz.

The micr phone is enclo ed in an
outer bra hell with a brushed chro
mium plating, which maintain the
am high quality of fini h after year of

u . The aluminum diaphragm directly
behind the' protective front grid drive
a ceramic pi zoelectric lement, and the
electrical output appear. at pin termi
nal at the back of the cartridge. The
air leak i aL 0 at the back.

The cartridge is available conn cted
directly to a 3-pin male audio conne 
tor, a the TnB 1560-P5 lIIicrophone
or, when connected through a goo neck

Directivity

The new microphone since it has the
same size a a type L laboratory
tandard microphone and is similar in

con. truction maintain the sam good
omnidir ctional characteri tie. p to
1000 Hz the variation in output with
angl of ound incidence i mall. Above
1000 Hz diffraction cau e the micro
phone to re pond more to ounds ar
riving normal to the diaphragm (00 or

• C. A. Woodward ... A New. Low- oLoe Preamplifier,"
Geneml Radio Experimenter. June 1965.
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Figure 4. Polar responses at various frequencies.

i damped acou tically b hind the dia
phragm. Thi arrangement corrects one
of the deficiencie of the arli r piezo-
Ie tric microphone, ince the damping

element in the new micr phone i pro
tected from dirt and mi t , wherea , in
th earlier on ,the damping element
became clogged after long expo ure to
oil mist and the r pon of th micro
phone wa affected. Furthermore, the
re pon of the new microphone i not
ignificantly affected by th a in front

of the diaphragm. I can, con equently,
b u ed in coupler calibration with
ga es other than air. 6

As a re ult of the u e of the tandard
diamet r and the elimination of any
ignificant frequency-determining ele

m nt from in front of th diaphragm,
thi new microphone can be u ed in
tandard reciprocity calibration cou

pler and earphone calibration coupler
de igned for the type L laboratory
standard microphone. 7

Although he microphone an with-
tand ound-pre ure level of 160 dB

re 20 J.L 1m2 without damage, pressures
much higher than thi may ruin it. uch
exce ive pre ure can occur if the
microphone i inserted in a coupler
without an adequate pre ure relea e.
Thi pr ur relea e is usually a small
diameter hole in the coupler, which
can be plugged after the microphone
i in erted. But orne device hav been
built without thi relea e, and these
hould be modified before use with any

of these microphones.

Electrica I Impedance-Temperature and

Humidity Effects-Cables

The nominal impedance of the TYPE
1560-P5 Microphone corr pond to a
capacitance of 3 0 pF, in contra t to the
50 to 70 pF that i characteristic of con-

•-

--,,,,.

,

--
Experimenter

I

•••

r

-

th

Acoustic Impedance and Use in Couplers

The acoustic impedance pre ented
by the microphone in a coupl r i equiv
alent t that of an air volume of 0.45
cma when referred to the front dge of
the protecting grid. Of this equivalent
volume, about 0.2 cma is due to the
compliance of the diaphragm and the
ceramic element.

The mechanical r onance of the dia
phragm and ceramic element tructure

perpendicular incid nee) than to ound
from other dire ti n . Fi ur 3 how
the xtent of th variation in en itivity
as a function of the direction found
incidence. Figure 4: ·h w polar r
spon e of the microphon a different
frequencie .

• 81.10 - 1966. USA taMara ,\ltthocI. lor the Calibrf>
tion 01 Microphon... A tandard Institute. ew
York. N. Y.
1 Z24.8 - 1949, A mtrican Standara ptci/icotion lor
LaboratorlJ taMara P......r. Microphon.., USA Stan
dards Institute, New York, N. Y.

6
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Fi gure 5. Vari atio n of co padro ne e with tern perature..
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olid-state preamplifier com into gen
eral use.

The eff ct of humidity on he piezo
electric microphone are much Ie
eriou , becau e f th ab ence of a

polarizing voltage and becau e it
impedance i only about one-tenth that
of a conden er microphone. Its im
pedance i till relatively hi h at low
frequencie, however, and prolonged
expo ure to extr mely high humidity
hould be avoided. If it i xpo ed to

100% humidit r for a matter of hour ,
ome 10 in sen itivity below 100 Hz

may occur, and ome increa e in low
frequency background noi e will ac
company thi 10 .

'Yh n the piez cl ctric micr phone i
u ed at the end of a long cable with no
preamplifi r, the upper ound pr ure
at which it can be u 'ed i not aff cted.
Th di tor ion from a conden er micro
phone, howe\"cr, i affect d by the
impedance that terminatc. i . If a cable
i connect d between the conden l'

microphone and a high-impedance pI'
amplifier the di tortion i great l' than
when the conden er microphone work

denser microphone . O,,;ng to the lower
impedance of the new microphone, it
output voltage i Ie affected by th
connection of a cable than i th on
den er type. The \"ariation of capaci
tance with tempera ure i hown in
Figur 5. With a 25-foot cabl thi
variation produce a chang in ac ual
signal voltage of only about 0.025
dBr . With a very long cable, the t m
perature coefficient iner a e to about
0.04 dBr . When the microphone. i
attach d dir ctly to the TYPE 1.')60-P40
PI' amplifier, thi effect i eliminated.
The remaining temperature coefficient
is that of op n-circuit output voltage,
which i Ie than ±0.01 dBr .

The en iti\'ity of a conden l' micro
phone i directly proportional to the
appli d dc polarizin potential, and
the tabili y of h y tern can ther fore
be no better than that of the polarizing
supply vol age. ccurate monitoring of
thi voltage i e ential for a urance
that the en itivity of th mi rophone
sy tern doe no change. u h pI' cau
tion are not nece sary with the piezo
electric microphone, becau e no polar
izing voltage i requir d.

The high polarizing voltage needed
with the conden er microphone al 0

make it particularly n i iv to the
effe t of humidi y. If moi ture provides
a conductive path for the polarizing
voltage at the microphone, the l' ulting
leakage curren introduce xce ive
noi e into the ignal pa h, and the
sy t m can ea ily b come inoperative.
Becau e of the heat produced by
the vacuum-tube amplifi l' commonly
used, the humidity a the microphone
terminals is kept b low the ambient
humidity, and the above-mentioned
effects of humidity have not b en a
,,;dely ob rved a th y ,,;U be when

7
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Basil A. Bonk receiv d
his B EE and :\1 EE
degree:> from :\IIT in
1960, then joined Gen
eral Radio as a deyelop
ment engineer in the
Audio Group. There he
ha speciali7.cd in the
development of micro
phone calibration ys
tern. and in the design
of measurement micro
phones.

The upper limit of linear operation of
the microphone i~ t by di tortion. The
di tortion in the electrical output is
Ie s than 1% when the microphone is
exposed to a ound-pre sure level of
150 dB re 20 J.£;.,T/m2. The total dynamic
range is then about 130 dB for C
weighting, which is significantly larger
than the dynamic range of condenser
microphone .

directly into the preamplifier. Becau e
of thi effect and the very eriou 10
in signal level tha re~ults when a con
den er microphone i u cd with a cable.
th mi rophone is almo t always u cd
directly on a preamplifier. The TYPE
1560-P5 Microphone. how vcr, can be
u cd over a wide range of ound-pr 
sure levels without a preamplifier.

Dynamic Range

Thc low r limit at which sound
pressure can be m a ured with thi new
microphone is set by thc lectronic y
tem u ed with it and the bandwidth of
the measurement ystem. This lower
limit, whcn the microphone i u ed with
the 1551-C ound-Level feter or the
1560-P40 Preamplifier, i about 20 dB
(C-weighted). When very low sound
pressure levels arc to be measured and
it is advisable to po ition the observer
far from the microphone, the TYPE
1560-P40 Preamplifier is available to
be used at the microphone to provide
the best po sible conditions for low
level measurements.

Conclusion

The characteristics of thi new micro
phone are 0 good that the limitations
on the accuracy of a practical ound
mea urement will almo t alway come
from factors other than the behavior
of the microphone. orne of these other
factor that limit accuracy are the fol
lo\\'ing: the effects of the room; of inter
fering object, particularly the observer;
of tray pickup; of ambient noise; of
the placement and mounting of the
noi e our e; of the microphone po i·
tion u ed; and of the particular space
and time averaging technique u ed.

The TYPE 1560-P5 ,Iicrophone can
b u cd in all the ways that the highly
respected condenser microphone ha
been u ed in th laboratory, and, in
addition, it i well suited for use in
portablc field-type ound-measuring
sy tern .

- B. . BONK

editor's Note

The design of this microphQne was started
by B. B. Bauer and A. L. Di:\'fattia of B
Laboratorie and was completed by the au thor
at the General Radio ompany.

SPECIFICATIONS

8

Frequency Response: Typical response is shown
in the accompanying plot. Deviations of indi
vidual units from the typical response are
approximately ±0.3 dB from 20 to 1000 Hz
and ±1 dB up to about 7000 Hz.

Sensitivity: -60 dB re 1 VIl'bar nominal.
Temperature Coefficient of Sensltlvity: Approxi
mately -0.01 dBrC.
Internal Impedance: Capacitive' TvpJo; 1560-P5
390 pF at 25°C, nominal; TY~E 1560-P6, 425
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Description

Net Weight: Typ<; l5liO-Po, 2 oz (60 g); TYPE
I560-P6, oz (0.3 kg).
Shipping Weight: TYPE I560-Po, I Ib (0.5 kg);
TYPE 1560-P6, 3 lb. (lA kg).

Price
in U A

•

./\i
TTP (A,l ItA'IXM RESf'O· \

<- -r--
20 '00 I ~""I '0 20- 0

• •

- ,
.. 0

pF at 20·C, nominal. Temperature coefficient
of capacitance: 2.2 pF /,C over range of 0 to
50·C.
Environmental Effects: :\1icrophone i not dam
aged hy temperature from -40 to +60· and
relative humiditie of 0 to 100e ~.

Terminals: :\Iicrophone fit 3-terminal micro
phone cable connector. For hum reduction
both microphonc terminals may b floated
with re pect to ground.
Cartridge Dimensions: Diameter 0.9: 6 ± 0.002
in. (23.7 mm), length I~ in. (29 mm).

Catalog
Number

1560·9605
1560-9606

lS60-PS Microphone
lS60-P6 Microphone Assembly

$60.00
8S.00

NEW
FIVE-FREQUENCY

SOUND-LEVEL
CALIBRATOR

•

Figure 1. Type 1S62-A
Sound-Level Calibrator in
storage case, with snap-in

adaptors.

One of our lighter-spirited publications
suggests that, for a day-to-day check on
sound-level-meter calibration, one may
hold the instrument at arm's length and
say, in an even voice, "I feel rather foolish
talking to a sound-level meter," repeating
this announcement daily and noting any
variation in indicated level. Those who
prefer a more reliable and less attention
getting approach will be interested in GR's
new Type 1562-A Sound-Level Calibrator,
a small, transistorized oscillator-speaker
coupler unit designed for the calibration
of most commonly used sound-measuring
microphones and systems.

l\Iuch i to be gained from accurate
calibration of an acou tical mea ur 
ment y tern. The better th calibration
accuracy, the clo er one can approach
allowed performance p cifications, the
more con i tent hi comparison mea 
ur ment will be, and the more confi
dence he can have in his mea urement .

cou tical mea uring instrument
can be calibrated in many way . The
simple t procedure is the amplifier
elf-check, provision for which is built

into many General Radio ound-meas
uring instrument. At the other end of

9
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LOUDSPEAKER

10

the seal i the preci e calibration, from
20 to 0 0 lIz, of a microphon or y
tern by mean of the TYPE 155 -B Re
ciprocity alibrator. 1

Probably the mo·t commonly p r
formed calibration ha been a imple
ov r-all y t m check a a pecifi d
fr quency, for which Oen ral Radio ha
Ii ted the combination of TYPE 15.'52

ound-Level alibrator and TYPE 1307
Tran i tor Oscilla or.2 Thi pair of
in trument i now ucceeded by the
mall cylinder hown in Fi ur 1 th

TYPE 1562 ound-Level alibrator. The
new calibrat r off r-, in addition to the
obviou conv nience of the new Pa k
a ing, p cification far uperior to
tho e of it pred c or. (For example,
the 1562 ha fiv calibration fr qu ncie
vs th ingl frequency of th 1552.)

The new 'ound-Ievel calibrator con
tains a olid-. tat 0 cilia tor, an I ctro
a ou tic tran -ducer, and an acou tic
coupler, all enclo ed in a cylindrical
hou ing only 27.1 in he in diamet rand
5 inche long. In normal op ration i i
placed ov r the microphone of th
y em to b calibrat d and he fre

qu ncy lector witch is t to one r
more of th five available t . t frequen-

'" A Reciproci y Calibration ror the WEf140AA anel
Other ~llcrophon{'... ," General Radio Experimenltr, 0("
cemher 1964.
IE. E. Gro. , ".\n lmpro"ecl und-I.e,·.1 Calibrator."
General Radio E~/Jtr..mer.ttr. JUDe tfl.;,}.
• :\rnold Pe er"Oo... ~lalCnPlic Tape Recorrl~r ror \rous
tical, Yihratton. nli OtllPr .\ufli<rFr('quencv .:\Ira lire
ment ," Ge'U!ffll ROIlio Ezp~rimtrtltr, Octoher"19tJ .

cie (125 250,500 1000, and 2000 lIz).
The calibrator i fa tor -adju ted to
develop a ound-pr ure level of 114
dB re 20 IJ.. 1m2 (0.0002 IJ.bar).

n important additi nal feature i
th availability, at a phone jack, of the
electrical output from the 0 cillator.
Thu, f r xample, one can u e the
electri al output to ill a ure the re-
pon e of a ,t m without it micro

phone, then conn c the microphone
and apply the calibrator' aeou tic out
put to verify th microphone re pon e.

:\Iany typ of ollnd-mea uring y
t m can be checked by th new cali
brator. Wi h five te fr qllenci ava:l
able, one can ch ck frequency- electi\'e
in trument uch a octa'\" -band ana
lyzer .

The calibrator i al 0 a very u eful
acce ory for the TYPE 1.525 Data Re
cord r.3 • 'ot only can th acou tic out
put be u ed for y.'t m calibration, but
the electrical utput can bud to
adj u t record r bia volta . and to pro
duce el rical test i nal on tape.

DETAILED DESCRIPTION

Th principal el ill nt of the cali
brator are bown in Fi ure 2. Tbe 0 cil
lator drive a loud peaker which g n
erat high-level aCOL! ti ignal in a
coupler tha fit ov r the microphon to
be calibrated. The electri 'al ou pu of
the 0 illator i available at a phone



jack on the side of the calibrator hous
ing. This jack i built into a tubular
nut which ecures the outer shell of,
the in trument and which al 0 ke p
the calibrator from rolling off tables.

At the top of the calibrator i a rotary
switch and dial combination with even
po i ion : the five operating frequencie ,
a battery-check po ition, and a power
off position.

The Oscillator and Amplifier

The 0 cillator is a 'Vien-bridge cir
cuit fir t d crib d by 'ulk .4 The key
to it stable operation is a thermi tor
in the negative feedback path, which
automatically adjusts its re istance to
the value needed to maintain 0 cilla
tion. Its time con tant' hort nough
to corr ct rapidly for amplitude varia
tion , y t long enough to cau e little
di tortion at low freq uenci . It op r tes
at a high temp rature, in an evacuated
bulb to minimize the effect of ambient,
temp rature.

The amplifier u e four tran i tor
in a single, dir ct-coupled feedback
loop. Enough negative feedback i u d
to achi ve a tran fer charact ri tic that
i ubstantially indep nd nt of tran
sistor charact ri tic .

TYPE 1562
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The Output System

The loud peaker i a controlled
reluctance magnetic tran ducer with a
very low temp rature coefficient and
long-term tability prov n by years
of ucces ful operation in the TYPE
1552 alibrator. imilarity with the
old r calibrator end however, with the
output coupl r, whi h i designed to ac
commodate the U/g-in h-diameter pi
ezoelectric ceramic mjcrophone now in
use on thou and of ound-l v I meter .
Two nap-in adaptor are provided,
one for the new 1%6-inch-diameter
ound-lev I- meter microphone (see page

3, thi i sue) and type L laboratory
standard microphone such as the WE
640AA and the other for the %-inch,
microphone u ed wi h he TYPE 1551-P1

onden er Microphon y tern. Figure
3 is aero - e tion drawing of the
coupler in plac on a U/g-inch micro
phon , and Figure 4 how the coupler
plu nap-in adaptor in place on a
1%6-inch microphone.

PRINCIPLES OF CALIBRATION

The 1562 Calibrator dev lops a con-
tant sound-pr ur I vel of 114 dB

• Fulks. R. G. "Nov~1 Feedback Loop labitizes Audio
OsciUator," Electronic., Vol36 No.5, Feb. 1963. AvaIlable
from General Radio a. Reprint A-I07

TYPE 1562

CO TROLLED LEAK

TO ATMOSPHERE

LOUOSPEAKER

~COUPLING

CAVITY

MICROPHONE
UNDER TEST

CONTROLLED LEAK
TO AT MOSPHERE

LOUDSPEAKER

_~COUPLING

CAVITY

Ir=~-...... MICROPHONE
U DER TEST

Figure 3. Cross-section drawing af calibrator in
place on 1Va-inch-diameter micraphone.

~ -INCH-[lAMETER
16 ADAPTOR

Figure 4. Crass-section drawing of calibrator
and adaptor in place on 11I6-inch-diameter

microphone.
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Figure 5. Typical and specified
variation in output VI ambient

temperature.
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TEMPERATURE IN ·C [1-'62-']

re 20 J.I. 1m2 at each of five frequencies
(125, 250, 500, 1000, and 2000 Hz) wh n
its acou tic c0upler i placed over a
high-acou tic-imp dance ound-mea ur
ing microphone. This level i e tab
Ii h d at G n ral Radio in term of a
carefully maintained laboratory tand
ard microphone ('YE 6-!OA.\.) with a
pI' ure calibration determined by
reciprocity and traceabl to th _T 3,

tional Bureau of tandard.
The calibrator's con tant output

v frequency i in contra t with the
charact ri tic of a ound-Ievel meter,
which i de ign d with weighted fre
quency l' pon e in accordance with
international tandard. Furthermore,
the microphon u ed on mo t ound
level meters are adj usted for a fiat
re pon e to ound of random incidence

in a free field. Therefore, to d ermine
exactly what a ound-Ievel meter should
indicate when the calibrator i coupl d
to it microphone, one mu t correct for
the random-incidence characteri tic of
the microphone and for th weight d
re pon e of the Ollnd-levE'l-meter am
plifier. The correction are mall for
the new 1%6-inch microphone, but
they hould be taken into account
where extrem accuracy i n ed d.
D tailed correction table are included
in the in tru ti n manual for the cali
brator.

ENVIRONMENTAL EFFECTS

The calibrator ou put level is e ab
Ii hed at a t mperature of 23° and an
atmo pheric pre ure of -60 mm of
mercury. A long a the battery voltage
i at lea t 6 volt (a 9-V battery is u ed),

760 700
ATMOSPttERtC PRESSUijE -",,'" OF K9
600 500

250HI ....;

.•~12,000 '-4,000 16.000 18.000 Zo.ooo

--
6000 8000 10,000

AlT TUOE N FEET

.1Z5HI _

•

110

109

o

II•
..J II!...
>...
-J...
a:iil liZ

~

Figure 6. Typical vari
ation In output vs
altitude and atmos-

pheric pressure.
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normal variation in temp ra ur and
barometric pr ur will ha e negligible
eft' ct on the ound-pre ure level de\' l
oped, Figure 5 how the variation in
output that may be xp ct d as the
ambient temperature depart from
23°C,

Large change in barometric pre ure
due to altitude change a one move
about the country do produce appre
ciable variation in ou put, but even

the e are g nerally mailer than the
change that occur in a clo ed coupler
with high-acou tic-imp dan tran 
ducer . For exampi ,the ound-pre sur
reduction in a clo ed coupler at 15,000
feet altitude i about 6 dB. Th corre-
ponding 10 for the 1562 i only about

3 dB (Figure 6).
- E. E. GRO

A brif'f biography of :\lr. Gro. appeared in
the October 1966 Exper imentcr.

SPECIFICATIONS
ACOUSTIC OUTPUT
Frequencies: 12', 250, 500, 1000, and 2000
Hz, ±3%.
Sound-Pressure Level: 11-1 dB re 20 p.. - 1m2.

Accuracy (at 23"C and 760 mm Hg):

at 500 l/ z other frequencies

Pressure Correction: hart suppJi d.
ELECTRICAL OUTPUT
Voltage: 1.0 V ±20c~ behind 6000 fl.
Frequency Characteristic: utput i flat ±2~.
Distortion: <0.5 (.
Connector: Jack to accept t3ndard phone plug.
GENERAL
Operating Environment: 0 to SOo , 0 to 100t;'O
rela.tiye humidity.
Accessories Supp'lied: Carrying ca e, adaptor
for q 1 -in.- and 5,' -in.-diameter microphon
(fit 1Ys-in. microphon \\'ithout ad3ptor).
Battery included.
8attery~ One 9-\' Burge P'\[(j or equivalent.
120 hour u .
Dimensions: Length Sin. (130 mm); diameter
2 .. in. (S' mm).
weight: :\'et, lib (0.5 kg); hipping.j Ib (1.9 kg).

±0.5 dB

±0.7 dB±O.S dB

±0.3 dB\YE GlOAA
or equh-alent

Other
microphone
Temperature Coefficient:.\ 12S, 2S0, 500, and
1000 Hz: -0.01 to -O.O.S dBr from 2:3'
to 50° , 0 to -0.01 dBr from 0 to n .
At 2000 Hz: -0.01 to -0.015 dBr from
23"C to 50' , 0 to -0.01 dBr from 0 to
23°C.

Catalog
Number Descript ion

1562,9701 IS62-A Sound-Level Calibrator $195.00

A DIAL DRIVE FOR STEPPED OR SWEPT ANALYSIS

Those who must specify acceptable noise
levels and those who must follow such
specifications are understandably happiest
when dealing with discrete values at
discrete frequencies. At the same time, of
course, enough information must be included
for the noise to be meaningfully described.
Many people think that the best approach
is a stepped third-octave analysis, which
presents a significant amount af information
in an easily interpreted form. GR's new
dial drive automates the procedure and
a Iso permits no-hands ana lysis by the
traditional swept technique.

lodern t cod for noi e fre-
quently involve a mea urement of the
noi e pectrum either continuou or
at pecified frequencie , whi h an be
conveniently mad wi h the ·1 1564-A

ound and \ ibration nalyzer.! De
igned pecifically for thi type of

mea urement, the analyz r ha a wide
frequency range (2.5 Hz to 2- kHz),
can be operated ith r manually or
automatically, and ha both one-tenth-

I \v. R. Kundert. II New Performance, New Convenience
With the New Sound and Vibration Analyzer," General
Radio Experimenter, Pl-0cl 1963.
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Figure 1. Type 1564-P1 0101 Drive mounted on 1564-A Sound and
Vibration Analyzer and synchronl zed with 1521-8 Graphic Level

Recorder.

octave and one-third-octave band. For
automatic operation, it is u ed with the
TYPE 1521-B Graphic Level Recorder,
and the combination of analyzer and
recorder is available, completely a em
bled, as the TYPE 1911-A Recording

ound and Vibration Dalyzer.
Recently a gro\\wg interest in

stepped li-octave analy is has placed
new demand on many acoustical
laboratories. To adapt the 1564 for
automati tepp d as well as continuous
analysis, we now offer the TYPE 1561-Pl
Dial Drive.

The dial drive is essentially a device
for automatically moving the frequency
dial of the TYPE 1564 ound and Vibra-

14

tion nalyzer from one third-octave
center frequency to the next, with
adju table dwell time at each tep.
As a matter of convenience, the dial
drive also provides for continuous rota
tion of the analyzer frequency control.
Thu the combination of 1-64-A Ana
lyzer and 1564-Pl Dial Drive presents
three possibilitie : stepped ~-octave,

continuous ~-octave, and continuous
7l0-octave analysis. The complete anal
y i setup will often also include a GR
1521-B Graphic Level Recorder, and
here the dial drive also contributes to
convenience by replacing the usual
chain linkage between recorder and
analyzer with electrical ynchroniza
tion.
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CONTINUOUS VS STEPPED ANALYSIS

A continuou plot of the pectrum
i v ry helpful in the evaluation of a
noise if the noi e limit are p ified
a continuou function f frequency,
which can b cntered on tbe pectrum
chart to check compliance. ome te t
cod (.g., IlL- TD 7-\.0 and A H
RAE 36A-63) have tried to simplify th
analy is proc dur by specifying accept
anc lcvel in di cr t third-octave
band. 1 he elected center frequ ncies
of the band are tho e of the pre
ferred frequency eri (1.6-1960.
American tandard Preferred Frequen
ci s for Acoustical l\Iea urement , and
I O-R266-19(2). The frequ nci in-

elude 1000 Hz and the frequencies
spaced above and below 1000 Hz in
third-octave steps.

\Vith tepped analy is the pre enta
tion for each third octave i a ingle
r ading that can be quickly ompar d
with the requirement of a code or with
a imilar reading taken at anoth r tim .
Thi simplification i achieved at the
expen of some information; where ne
i not bound by specification he can
choose itber the ingle-valued ap
proach of tepped analy i or the detail
that only a continuou analysi can
provide.

Figures 2, 3, and 4 de cribe, better
than can \V rd ,th difference betw en

.~ ..

r[ I

, Ui I .. ; I
, ... ''''00''' __ '''----- _ ........ __ ... ........ __

n • OCTUll_ 'l""... c.- ...

• ....... .. ~ '.... ,"'!. •• ." '. ''''''"'''"'''"''''"'-'-''-""'""'"~ .. '.... '.... -........ .. • .. .. ..- • •• • i-...._._-

•
•

! -
:~-- - , :;'-'-'-'--'.-." c"-

!
! -.--, '
• ••· .-

, :-.-----;,-:.
1 ~
t • ~ ,...;-,~--'-

: ... ~· "",l ........- +--'-.L~

Figure 2. A stepped \I.-oelave analysis of
vibration of defective motor. Dwell time
was set at 10 seconds, full "scale level was
80 dB, and recorder writing speed WaS 3
in./s. Chart paper is GR 1S21-9460, spe
cially designed for stepped y,"oetave

analysis.

Figure 3. Continuous \I.-octave analysis of the same vibration analy%ed in Figure 2.
Detail is greater, but \I.-octave levels are harder to read .

•,
•,
!

I_'~ •.. -.

• • •
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Figure 4. Continuous l1O-octave analysis of Ihe same vibration analy%ed In Figures
2 and 3. Nate presence of components not visible on broader-band analyses.
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tepped and continuou analy i . The e
are chart recording of th vibration of
a motor with a damaged I ve baring.
'i ur 2 how' a tepped 1 3-octave

analy i '!'igure 3 and 4 ar continuou
1-3- and Ho-octave anal r 'p c
tively. 11 were made with th ombina
tion of 1.- 4 ound and Vibration

nalyzer 1.-64-1'1 Dial Driv, and
1521-B r phic L v I R ord r. In
all ca e , the r cord r wa et for a
writin pe d of 3 inche per e ond and
wa equipp d with an O-dB pot n
tiometer.

lL i immediately apparent that the
t pp d-analy i recording (, igure 2)

i th a ie·t to int rpr t, that th
continuou r cording give far better
r olution of p ak , and that the>10-

ctave analv i reveal' many com-
• •

poncnt not y' ibl, in the 13-0 tave
char . ~ T t th xi tence of th tran
ient on the tepped-analy' r cord

ing. Th e tran, i nt cau, d by range
witching of th analyz r can rye a

u ful fr qu nc marker~ becau~ th
1 3-octav witching fr qu nci ' ar
accurately known.

DETAILED DESCRIPTION OF THE
DIAL DRIVE

The dial dri\'C con i t of a t pp r
motor, wbieh mount on and driv
th analyz r; a conta tor which mount
on and provide nchronization with
th recorder; and th I ctronic (' n rol
unit.

The t pp r motor i dri\ en by pul e
from a ring-of-four coun in d cad in
th can tr I unit. Four pu] appli d
in the proper qu nee to thc four dri\ e
coil of th motor ad\'anc the motor

1 G. Parlrid!':e. ".\ 'imple W y to ynrhroni7.r :\Ia!,:oetic
Tape \Vith O",eillo~copp Trace," General Radio Exptri
menler. October 1966.

7~ degr e p r pul . Th lO-to-l gear
ratio be ween motor and analyz r fr 
quen y control di\,ide the e tep in 0

3.r d gr in r m nt'.
The ring-of-four counting decade

provide the nece sary logic to qu nee
pulse for either forward or rever e
operation and al a to n ure that tbe
m or ne\' r top' with onc of it coil
n rgiz d. 1h rat a whi h th m tor,

and thl the analyzer fr qu ncy dial,
rotate i a fun ·tion of thc pul e train
that i appli d to th ring- f-four
countin d cade. For t pped opera
tion, the e pul com from a free
running mullivil rat r at a rat that
move th analyz r dial 30 d gr ,
or from on 1 3-0C .av -I and ent r to
the next in abou 0.3.- econd. For
continu u operation, th yare d rived
from th p w r-lin frequ ney through
divid r . (.'inc th 1.')21-B Recorder i
driven b a ynchronou. motor, the
analyz r i automatically yn('hr niz d
wi h th r cord r in continuou op ra-
ion.) Two peed ar available in th

continuou mode: or 20 ec nd p r
}i-octa\ e band.

Th ontr I unit includ tart and
top button, fOf\mrd and rev r
witche a con tin UOll -au t mati e-

I ctor \vitch, and a dw II-time control.
A conn ctor a the rear of the unit
permit rcmotc c ntr I of th t pp r
motor by I ctrical ignal. Thi pr
vi'ion allow f r in Lance, th auto
matic anal, i. of a tap I p with a
piece of refl c i\'c material on th tape
and a pho 0 lcctri pickofP producing
thc ignal to advance the t pp r motor.

'vnchronization b, \\. n the ana--
Iyzer and thc r corder char pap r i
accomplisbed by m an of a con actor
a cmbly, which mount on th r
corder. Thi i a cam-actuat d witch,



which causes the dial drive to move the
analyzer to the next U-octave band at
each 3i-inch trav I of the chart paper.
Chart paper 1521-9460 is p cially
calibrated for thi application.

SUMMARY

The TYPE 1564-PI Dial Drive greatly
simplifies stepped U-octave analy i

May-June 1967

and permi changeover to continuous
U- or 710-0 ta e continuou analy i
at the turn of a wi ch. Tho e who are
call d upon to make such analy es
should find appre iable saving in
time and convenience through the u e
of this acce ory.

- B. . Bo K

SPECIFICATIONS

STEPPING CHARACTERISTICS

Stepping Motion: 0.75°/ tep; 40 tep (30°) per
~ octave; controlled to tep in s quence of -1
pulses = 3°.
Stepping Time: In tepped mode, approx
0.35s/300; in continuous mode, 6 /30 or
20s/30°, both synchronized to 60-Hz line.
Dwell TIme <Y3-oclave band): Dwell time +
stepping time i I, 3, 10, or 30 ,\\'h n con
trolled by 1521-B Graphic L vel R c rd r with
60-rpm motor. The time can b in reased
2 X or 4 X with cam adjustment. Dwell time
can also be set by front-pan I control from
approx 1 to 60 s.
GENERAL

Temperature Range: 0 to 50°C;
storage, -40 t +70° .
Humidity Range: 0 to 95% RH.
Synchronization: To 1521 raphic Lev I R 
corder in both tepped and continuou modes.

Recording System: Output fr III 1564 analyzer
can be connected to any r corder with input
imp dane of 10 kfl or morc and Ren. itivity
of at least 10 01 (1521-B Record r recom
mended).
Power Required: 100 to 125 or 200 to 250 V,
60 Hz.
Accessories Supplied: daptor-cable as. embly,
power cord, par fuses, end fram • t (bench
model) or rack- upport t (rack model).
Accessories Available: hart paper for 1521
Recorders: 1521-9WO for pped analysis,
1521-9469 for continuou analy i .
Dimension. (w X h X d): R lay-rack ection,
19 X 31~ X 1212 in. U X 9 X 320 mm);
stepp r m tor, 114 (din.) >< 5Ys in. (110 X 135
0101); contactor a mbl)', 3 X 4~ X 2Ys in.
(77 X 105 X 54 O1m).
Weight: Net l()I2 Ib (7.5 kg); hipping, 36 Ib
(16.5 kg).

Cat.aJ.og
Number

1564-9771
1564-9772
1521-9460
1521-9469

Description

1564-Pl Dial Drive, Bench Model
1564-Pl Dial Drive, Rack Model
Chart Paper (stepped mode)
Chart Paper (continuous mode)

Price
in U A

$720.00
720.00

2.75
2.75

OSCILLATOR FOR AUDIOMETER CALIBRATION

With he introduction of a tandard
earphone coupler l , en ral Radio great
ly implified the u e of it ound-level
meter and analyzers in th calibration
of audiometric quipment. To round
out the calibration y tem, '....e are now
offering a low-distortion audio 0 illator
with switch selection of 12 frequ ncie
commonly u ed in audiometry. mong

the frequen i i the octave ries
ba ed on 125 Hz, which i incorporated
in pecification of the TT,", tandard
In titute. 2

I E. E. Gross, "A tandarrl Earphone Coupler lor Fi ld
Calibration 01 udiometenl." Gtntral Radio Ezpt,i
"..nter. October 19 6.
• A"..r1<:an tandard Specification lor Gentral Diagno.tic
Purpo.... Z1I4.6 - /96/. A landards institul.c, 70 E.
45th t., New York, . Y.
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The 131l-A is an all-solid-state,
Wien-bridge 0 cillator, which u e ex
ten ive negativ feedback to attain
very low distortion (typically under
0.1%) and high degree of amplitude
and frequency tability. ; xcept for its
output fr quencie, it i identical to
the TYPE 1311- udio cillator,
de cribed in the Augu t- eptember 1962

Type 1311-A i ue of the Experimenter.

SPECIFICATIONS

FREQUENCY

Range: 12 fix d frequencies, 12",250, 100,500,
750, 1000, 20 0, :3000, ·1000, 6000, and °
lIz. £1.1<' control provides ±2( c adju tm nt.
Accuracy: ± I c wh n A~' control is at zero.
Frequency Stability: 0.1 (0 typical, lonp;- rm,
after warmup.
Synchronization: Telephone ja k provid d for
external yn 'hronizing signal. Locking range
is abou t ±:3 (1 for I-V rm r f renee signal.
AF control can be u d for pha adjustment.
OUTPUT

Power: I \V into mat h d load (tap provid at
lea t OS W in anv re i tive load between °•
mil and kll).
Voltage: ontinuously adjustabl from °to I,
3, 10, :30, or 100 ,open circuit.
Current: ontinuou Iy adjustnble from °to 40,
I~O, 100, 1:300, 1000 rnA, hart circuit (ap
proximately).
Impedance: Between on and 11'0 tim match d
load, d p ndinl?; on (' ntrol tting. utput
circuit is isolated from Il;round.
Amplitude Stability: B tter than I~ long term,
0.01 % short t rm, typical aft r warmup.

Synchronization: High-impedance, con tant
amplitude, I-V rm output for u e with os
cill cope, counter, or other 0 ciJlator.
Distortion: Le than 0.5(7(1 under any lin ar
load condition. Typically I than 0.1 cover
much of rang. cillator will drive a hort
circuit without waveform clipping.
Ac Hum: Typically Ie than 0.003C(; of output
voltage.
GENERAL

Terminals: TYPE 93 Binding Posts. parate
ground terminal hold h rting link, which
can be used ground adjac n OUTl'lT binding
po t.
Power Required: 105 to 125 or 210 to 250 V,
50 to 400 Hz. 22 \V.
Accessories Supplied: TYPE P-22 Power ord,
spare fuses.
Accessories Available: Rack-mounting t (panel
5 1

4 in. high).
Mechanical Data: Convertible-b nch cabinet.
Dimensions (w;dth X h ight X depth): X 6
X HI in. (205 X 155 X 200 mm).
Weight: Xet, 6 Ib (2. kg); shipping, 9 Ib
(4.1 kg).

Output characteristics.

. ,"
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CataUig
umber Description

Price
in U A

1311 -9703
1311-9704
0480-9638

1311-AU Audiometric Oscillator, 115 volts
1311-AU Audiometric Oscillator, 230 volts
480-P308 Relay-Rack Adaptor Set

$230.00
230.00

7.00
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DECADE RESISTORS

Two six-dial decade resistors have
been added to the 1434 eries. The
1434-B (Catalog '0. 1434-9702) ha
a total resi tance of 1,111,110 ohms
and a minimum per- tep resistance of

SOUND-VIBRATION

A 100-foot exten ion cable (1560
P72B) is now available for u e between

STROBOSCOPES

The inexpen ive 1539-A troboslave,
when coupled with the 1531-P2 Fla h
Delay and the 1536-A Photoelectric
Pickoff, is enough trobo cope for mo t
p ople who want only to look at or to
photograph object moving at high

•

1.0 ohm. The 1434-X (Catalog o.
1434-9724) ha a total re i. tanc of
111,111 ohm, a minimum per- tep
re istance of 0.1 ohm. Price in
are 135 and, 116, r pectively.

the 1560-P40 Preamplifier and a micro
phone or analyzer. Catalog o. is
1560-9977. Price in ,29.00.

speed and who do not have to measure
speed. For easy ord ring, we now offer
the combination of all three item as
the 1539-Z ~Iotion Analysi and
Photography et. atalog ~ TO. is 1539
9900 for 115-V y terns, 1539-9901 for
230 V. Price in A is 435.00.

COAXIAL An adaptor is now available between
our two coaxial connector cries, GR900
and GR 74. The 74-Q900L daptor
contain a 900-AB conn ctor and a
locking R 74. V WR is typically
under 1.04 to 9 GHz. atalog Jumber
i 0 74-9709. Price in A is 15.

Erratum

In Figure 3, page 9, of the
Experimenter, the ca e of the

pril
1493

decade transformer should not have
been hoWD connected to the -0.1 tap.
In thi etup the -0.1 tap i not u ed.

19
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GENERAL RADIO COMPANY
WEST CONCORD. MASSACHUSETTS 0' 781

DO WE HAVE YOUR CORRECT NAME AND ADDRESS-name, company
or organization, department, street or P.O. box, city, state, and zip code?

If not, please clip the address label on this issue and return it to us with

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

•

WHEELS OF PROGRESS·
•

• -

General Radio's fleet of traveling
exhibit ha a new flagship a spaciou ,
air-conditioned Cortez outfitted with
operating di play of GR instruments.
1 he new van will roam the w tern and
outhwe t rn regions of the ..

Other GRit road how" travel by
pecially equipped station wagon and

• • • •are et up on illvltatlOn m or near
indu trial plants and laboratorie .

Our line of acou tical in truments has
it 0\\'l1 vehicle, called GRAIL (General
Radio Acou tical Instrum nt Labora
tory). In Europe, two l\Iercede vans
crui e the autobahn for G n ral Radio
(Oversea ).

20
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Figure 1. Type 1003 Standard-Signal Generator.

THE 1003 STANDARD-SIGNAL GENERATOR

It is infrequent that one sees major innova
tion in an art as mature as signal-generator
design. Thus the subject of this month's
feature is particularly noteworthy, for the
1003 is based on a truly innovative idea
for achieving dramatic improvements in
frequency stability, resolution, and ac
curacy. Freshness of approach marked the
entire development, and the result is an
interesting new chapter in the history of
one of the most important of all electronic
instruments.

new generation f OR .. tandard
signal gen rator b gan with the in
troduction, last March, of the 1026,1
which upgraded many performance
characteristics by an order of magni
tude or more. ow the 1026 i joincd
by th lower-fr qu ncy (67 kHz- 0

~IHz) 100:3, an aU-solid- tate signal
generator that will probably b the
ultimat in this clas. of in trument
for sam time to come.

The 100:3 i di tinctly diffcrent from
th conv('ntional ignal g nerator. It is
different in the way it gencrates frc
quencie (by a ingl -range 0 cillator,
with divider to produc th lower
frequencies) and in the degree to which
it maintains frequency, typically within
a part per million pCI' 10 minutes.
Likc thr 1026, th 100:3 wa designed
to be the highe I.-performance ignal
generator available in it frequency
range, and te -I. rc 'ult indicate that it
docs in fact enjoy a wide margin over
oth r ignal generator now on the
market.
I G. P. ~IcCouch... A :-lew .';OO-:'-IHz lAndnrd~ ignnl
Gcnemt.or,'· Go""al Radio Experimenier. !\Iarch 1967.
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Figure 2. The stability of the 1003 compared with that of typical other signal generators.

For .xamplc, Figure :2 illuRtrate8 the
stability of the 100:~ eompared with
thnt of typical signal gencrators of ('on
vcntionul d :-;ign, Onl' of thc ('hief
reason for thr 10 :rs gr at advantage
in ,tability i.' it. nrw approach to fre
qll IH'y geJleration: Its oscillator i.
optimally designed for the highest
range, and freC[urlH'y d ivid<'rs ar
witch d in to produce the' lowrr ranges,

imparting the stability of th (op rangr
to all other range' without deteriora
tion..\noth( I' rc 'ult of thi: approa('h
i. a calibration aceuruey of 14 <':(" whieh
is well bcyond thc I' nch of oth 1', ignal
generators.

The I :~ u:r,' a motorizcd dial drive
for tUlling, w eping, and programming.
For fast, coarse tuning, pushing a
ro('ker, witch in the eentcr of the front
pallel ,end. th indientor glid iug along
the lid( -rul main frcq uen('y dial at
about 7 0 frequency ehungc per condo
After using thi motor drivr to reach
the right llrighborhood, the II. er finc
tunc by mean of n large rotary con
trol, with ueh dial division ('OI"I"e pond-

ing to 0.01 of the main-dial setting.
If this isn't prrci, e enough, the I::1F/F

front-panrl 'ontral pI' vid , elrctroni ,
backla. h-free . e tability to a few part
prr million o\'cr a 10 O-ppm rangc.

Both of th<> fine-tuning control are
fully calibratcd in rclative term., a that
the uscI' eun d tunc from a giv n POil t
by a prccis ly known amount anywh re
on thr diul.

It is evident from the for going that
the' frrqu ncy stability, calibrati n 11 

curacy, and I' alution of th 100;3
permit mnny more meaningful measur 
ment. in v ry narrow-bn,nd sy't ,m
and devi('e: (e.g., siSb reeriver , crystal
filtrr '), where oldrr ignal gcnerator.
are cithcr mnrginal or u, Ie b cau e
of re olution and drift problem. In
. uch instances th u er ha had to u e
s. nrhronizing chcmcs or ynthc, izer
a pro\'ide a stable enough 'ignal and

in the proces. he has cn 'ounterrd ncw
problem., such as spuriou ignals, re
duction in hi lding ('fEci ncy, 10" of
calibration accurac , to'a nothing of
thc addNI tu ning inconvenirnee.
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The }1vailability of a motor-driven
frequ ncy control pre ent obvious op
portunitim; for both local and remote
automatic tuning. and these are ex
ploited by a programmable automatic
freq ueneY-COll trol devi('e. 'Vi th th is
unit, one an sweep between adj ustable
frcqu ncy limit and can automati 'ally
tune to preset fr quencie . The 1003
ean be pur 'hased with or without the
auto-control unit installed.

The 100;~ has a full complement of
auxiliary output, including a unique
FI monitor that i a byproduct of th
frequency-divider method of rf genera
tion. The FIN output frequ ncy is an
exact integral fraction liN of the actual
output, always falling between 67 and
11)6 kHz. The value of . appears on the
dial of the selected frequency range.
The constant-level, unmodulated FIN

output can be usrd in many way', Oil

of whirh almost sug r 'sl itself: mea ur
ing or monitoring output frequency
indirectly by mans of an inexpensive
low-fr qu n'y count r, even with full
modulation.

1'h main rf output frequeney is
available at the rear-pan J l' -monitor
connector, which is fully isolated when
not in u ·C.

OPERATING CHARACTERISTICS

Th 1003 cov I' it 67 kHz-to- 0
1Hz range in 10 bands, each somewhat

ov r an octave wide. Over the entir
range the in ·tmment can deliver 1 0
milliwatts of 1 veled cw power into a
50-ohm load. This i' equivalent to 6
volts b hind 50 ohms. When the carrier
is 95%-modulat d, the maximum avail
able carrier lev I is 3 volts. Envelop
distortion and incidental fm are mini
mized.

July-August 1967

The entire warmup fre luency drift is
typically about 0.01 Yo, and frequency
change due to band witching and to
variations in line voltage, load, and
level are g nerally les' than 1 part per
million (see Figure 2).

Th pI' ci'ion 10-dB-per- tep atten
uator maintains both accuracy and im
pedance match over the entire 110-dB
stepping range. AttenuataI' rror i I
than 0.1 dB per step. with a maximum
ac umulation of OJ5 dB. The att nuat I'

and the continuously adjustable 'arrier
level control provide an over-all rang
of 15[) dB.

The all-solid-state 1003 draw' only
20 watt. from the pow l' line. a
rrsult, temperature are low and com
ponents ar not llnder stres . All a tiv
devices are operatcd very 'on erva
Lively, and the power supplies are
hort-tir 'uit-pr of.

HOW IT WORKS
(See Elementary Diagram, Figure 3)

Oscillator and Power Amplifier

A ingle-rang (34 to 0 IlIz) master
oscillator is the source of all output
fr qunci s. The key to th instrum 'nt'
oxcell Ilt frequen 'y stability is thus the
success with which this oscillator wa
made in ell itive to temperature varia
tion and to the inf:lu n e of th follow
ing stage.

A varactor diode permits incremental
tuning (f.J<'h') over a limited range. A
compen ation seh ill i used to obtain
constant fractional resolu tion, permit
ting calibration of the f.F/F control in
ppm. The electronic luning circuit i
al 0 the means by which th signal
generator can be frequency-modulated
or phase-Io 'ked to an external signal,
when the ultimate in accuracy and
sta.bility is de ired.
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Figure 3. Elementary black diagram.

Th 0, illator output, aft r pa ing
through untuned burr r BJ enter~ the
powcr-amplificr unit. n the high t
frequency range (:34 to 0 l\IHz), th
rf ignal pa" through an additional
untun d buff r B to the main ampli
fi r A. For all lower-fl'cquenc ran ,
the -ignal i' applied to a ri of fr 
quen'y divid r' and hence through
ulltuucd buff r (1) to the pow r ampli
fi r. The nine 2:1 divid 1'- iv a maxi
mum divi or of ,'512. \.ccordingly, th
low frequ ncy range, produ d by
th cntir ca cad d divider 'hain i the
high t range divid d by .J 12, or 67
kHz to 1.36 kHz. Th' low-rang output
i a.vailabl a th Fix monitor output,
menti ned earlier.

high d gr of i~olation b twe n
th 0 cilia tor and the power amplifier
under all condition practi ally !imin
ate all frequ n -pulling ff ct from
change in operating and loading con
dition at th output tag. Further
more, rangc- witching eff ct are vir-

tually nil a Figur 2 how v ry
cl arly inc the m 0 cilia tor i u ed
on all band. Thu no time i. wa ted in
waiting for the fr qu ncy to re tabilize
af l' band witchin , a' i typical with
oth l' ignal g.n rator .

"hen a particular range i I cted,
the appropriat number of divid l' i
activat d and a turr t conn ,t the
appropriat tank cir uit to th power
tran i tor. '1 h tank-cir uit variable
capacitor i gang d with the cillator
"ariabl capacitor by a non- 'lip t. I
cord.

'The pow r amplifi ria 2. ~:n7:),
who e ba e \'oltag control modulation
and ou put I vel.

Output System and Leveling

The power-amplifier control voltage
i upplied by ompara or circuit C,
which i part of a feedback control
y -tern. Th other lemen t - of th c

fe dba k loop arc Lh tunrd amplifier A
and the d tector circuit, who e dc

6
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Figure 4. Effects of ± 10% line-voltage swing on
carrier level.

ment of the I velcd output, over a range
of 1.5 dB. The preci ion tep attenuator
cov l' a range of 0 to HO dB in lO-dB
teps.

Modulation

The ba ic modulating fun tion i
performed in the power-amplifier stage
by the ba e voltage on the 2 -3375
tran i tor. This fun tion i lineariz d
through the fe dback action, which
make the detected envelope e sentially
identical to the compo ite reference
ignal. In Figure 5 ,which i an X-Y

di play of a 90 0 modulated rf ignal
v the modulating ignal 'One can judge
the linearity by ob rving th traight
nes of the 'loped ide of the trapezoid.

nother, novel type f pre ntation
(Figure 6) how the urn of the modu
lated and modulating ignal. Ideally
thi hould produce a horiz 111,0.1 ba e
line. Departur from the ideal serve
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output i compar d against a compo 'ite
r ferene ignal. Any difTerence be
tween the e two ignal g ncrates an
amplified correction voltage, which
make the l' ctified output follow the
ref l' nee voltage. The regulating action
i further enhanced by a econdary
ontrol path, which vari the drive

level and thereby incr a e the dynamic
range of modulation.

B cause the tability of the r f rence
voltage i ential to the maintenance
of a con tant carrier level, all circuit
a odaLcd with the generation of thi
reference vol tag are supplied with
highly stabilized bia vol tag . 1'h
l' ulLs of uch careful d sign 0.1' evi
d nt in FiO'ure .f whi h shows the
carrier level varying well under 0.01
dB a. the line voltage i swung ± 10
p rc n t..

The dete ted rf i' mea 'ur d and di ,
played by the carrier-level meter, which
i' ealibrated in open-circuit volts (i.e.,
th voltage b hind the 50-ohm 'ource
impedanc ) and in dBm of available
power. ince the rf le\'el at the amplillg
point is kept con tant by the control
circuit this point can b con'id red
to b a zero impedanc ource; a 50
ohm :erie resi tor provide the true
50-ohm ource impedance.

The carrir-level control varies the
reference voltage of the f edl ack loop
and thu provid continuous adjusL-

1003·9

Figure 6. Oscillogram showing oddition of modu
lated (6.S-MHz) and modulating (400-Hz) signals

Figure 5. X-V display of a 90% modulated rf signal at 90% modulation. Horizontol baseline indicates
(6.5 MHz) vs the madulating signal (400 Hz). lack of distortion.
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BEAT OUTPUT

Figure 7. Elementary diagram of the crystal
calibrator.

to GO dB. In rnal limiter prot ct
again ·t xce ive modulation input
vol tuge. Thi' mode of operation i,
particularly u ful for remote-control
application and for low-fr qu ncy
squar -wave modulation.
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Crystal Calibrator
(See Figure 7)

A l-~[I-Iz crystal os ilIa tor i th
ba ic referenc ource for the optional
crystal (·alibrator. Two mol' fr qu n
cies, 200 kHz and ro kHz, are derived
by divi ion and are th u c herent
with th l-~IlIz i nal. E\ en the lowe t
marker frcclucncy can b u ed up to
thC' highe t carrier frequellci '.

ince th rf ampI f l' the cry tal
calibrator i, tuk n from th J'-monitor
hannel ('ee Figur :3), a high degr of

isolation i' l' alized, providing a rever
attenuati n w II over 100 dB betwe n
cry tal calibrator and main output. A
a r 'ult, the crystal calibrator an be
u d wi thou t fear of contamina ing the
main output with puriou id band.

\Vh n the F-mollit l' output i
wit hed on, it i po sibl to f cd an

ext mal referenc ignal through the
F-monitor jack and to u portion of
the cry tal alibrator cir uitry as a

a' a ba i for evaluating di tortion.
The variou' mode' of operation are

e tabli hed by th natur of th applied
refer nce ignal, who e in'tantancou
value d termine the in tantaneou
I v I of th rf cani l' (within, of cour e,
the l' pon limit, of the feedback
lop).

Th re are two internal modulating
frequenci 400 Hz and 1 kHz. At
eith l' fr qu n('y th modulating ignal
i, highly . tabl and ha v ry low di.'
t rtion. The amplitudC' of the modu
lating ignal can be adj u ted by th
:MOD 1,F.V};L control for up to 9;i%
modulation. The modulati n I vel i
monitored ill terms of the audio modu
lating voltage but i, calibrat d directly
in p rc nt. "\ compen ation circuit n-

Ul' l:l that a given modulation s tting
i· kept 'oll'tan t over the rangC' of th
carrier-I vel control.

External m dulation an be applied
with C'ither ac or dc coupling. In th
}';X'l' AU mode, any audio-frcqu ncy
ignal can be ac 'cpt d controlled,

and monitor d in h same way as for
int mal modulation. \\ ith sinu oidal
waveform, the modulation po. band
i flat within 1 dB from 20 IIz to 10
kHz. Th ultimate upper limit i, th
20-kHz nominal cutolI frequency of
the low-po.' filler u ed to feed external
ignal into th pow r-amplifi l' n
10 ure. II the lowcr-frequ n y ranges

howcv 1', the rf-amplifier bandwidth
al 0 afIects th highest usable modu
lation frequency and pcrcentag modu
lation.

In th EXT DC mod the input jack
is coupled dir ctly to th amplifier.
With no input, th power amplifi I' i
turned off, and a positiv -going voltage
is required to turn it on. In the 01I
condition, the carrier is down by 50

8
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Rudi ltenbaeh received
hi Dip!. Ing. degre in
EE from Karl ruh
Technical niversity in
19-1 . After three years
as developm nt engineer
with. 'i men. and Halske
in ermany he came to

annda, lind h\ter to h
.. From 1951 t 1963

he \Va engaged in
variou eapaeiti s in the

design and d velopment of radar, radio
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anadian ;\[areoni Company, H rme -Ttck
ompany, and Raytbeon ompany. In 19 3

b joined th R's Development Engineer-
ing taff and has since been working
primarily on ~ignal-g n rator development.
He i a memb r of th IEEE.

,

The zer -error po iti n i indi at d
by a neon lamp on the auto-control
panel. Thi lamp is u ed in the s tting
of the refer nc pot ntiom t I' to a
de ir d tuning position or limit and
al 0 erv a a frequency or po ition
marker. Two internal multiturn high
l' olution pot ntiom ter (1"1 and F2)
permi continuou adju tment of the
auto-tunc po ition or weeping limit.
Many more additional tuning point

heterodyne frequency meter. In thi
ca e, only th mixer-amplifi I' part of
the crystal calibrator i activated.

Auto-Control Unit

The auto-control unit permit a
number of automatic tuning operati ns
by ither local or remo e control. F r
automatic tuning, th tandard fre
quency-control motor b come part of
a ervo po itioning y tern ( e Figur

). An analog d voltag, propor ional
to tuning- haft po ition, i compar d
again t a I' f rence voltage in a differen
tial amplifier. The amplified error
voltage ac uat one of two relay,
depending on the p larity f the error
signal. The appropriate I' lay energize
the motor to bring the error to Z 1'0,

and the r lay then drop out and turn
the motor ofT. imultan ou ly, a dc
pul e from a harged capa itor i ap
pli d acro the motor winding to
bring the motor to an abrupt op.
Re oluti n and accuracy ar adequate
to permit re ttability to within 0.1 %.

ATOR

,-------,
Y I- -..... ..... I

t' AUTO SWEEP r - - - --:---l
FI PO.

F2 I FLIP I
FI F2 I FLOP IEXT I I< I I

~
REFERENCE I DUAL

I-&-V BIAS I RELAYS INOIC
BUFFER

I V c% I"- I ccw
II

ANALOG L ________ ~
AUTO

I - cw '1I
TUNING t - __L___ . I

/' -"MOTOR ISHAFT
1

( \,'-t ;/ MANUALccw
0 - CONTROL 115-\1.... LINE

EXT

• ••
Figure 8. Elementary diagram af the aulo-control unit.

9



the Experimenter

115 AC V

Figure 9. Elementary dia
of the power-supply eire
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can be add d by mean f qu ntially
wit h d r ferenc ignal through an

ext n ion ock t. n external ref renee
may b ither a voltag betw en 0 and
- volt or a potentiom t l' conn cted
to the xten i n ocket. Th latter
method i pref rable for minimum drift.

p to ;) mA. can be drawn from th 
volt bia ourc, equival nt to ov r
thirty 50-kilohm potentiom ter in
parallel.

In weep op ration th motor i
driven l' petitiv ly b tween th two
adju table limit, Fl and F2. flip-flop
re eiv a trigg l' pul each tim the
motor reache a limit tran ferring th
refer n e conn ti n to the other limit
to actuat the l' v r e we p. Th
analog dc output voltag , proportional
to tuning haf po ition, erve a a
weep voltag for a l' cording device in

this mode.

Power Supplies

(See Figure 9)

ince the total power requirem nt
are very mall it i relativ ly ea y to
obtain excell nt l' gulation and tability
tog ther with very low rippl .

E pecially critical is th regulation
of the -I5-volt supply that feed the

10

DIODE

cillator ction; variation in thi
upply are kept to a few millivolt

under all adver e condition by u e of
a t mperatur -compen at d referenc
diode in a high-gain rie regulat r
circuit. The oth l' two bia voltages
(+9 and +35 V) are al 0 tabilized
by rie regula or. 11 active el ment
are ilicon and prot ction again t acci
d ntal damag or burnout i achieved
through current limiting. Total di-
ipation, even und r continu u hort

cir uit c ndition i within afe limit
in normal u age.

SUMMARY

The 10 3 i a ignal generator for
tho who e work d mand fr qu ncy
accuracy tabili y, and re oluti n of an
unu ually high ord l' manual and auto
matic tuning programmability, pre
c' ion of tting, and almo t total
ab n of drift. The p cification that
follow although tated con ervatively,
illu trat the exceptional p rformance
characteri tic that hay be n a hieved.

- R. L'rE BACH

Editor's Note: The basic concept of the 1003
was ugge ted by A. oye, Jr. The in trument
w developed by the author, with J. Ie. killing
providing the divider circuitry.
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SPECIFICATIONS
FREQUENCY
Range: 67 kHz to 0 MHz in 10 ranges:
67 to 156, 135 to 312, 270 to 625, 5-10 to
1250 kHz, 1.0 to 2.5, 2.l6 to 5, 4.32 to 10,
8.64 to 20, 17.2 to -10, and 34.56 to 0 ;VIHz.

Calibration Accuracy: ±0.25'7£, typically
±0.1 %; scale logarithmic, 14.0 in. total length.
Logging scale with vernier, 8500 div, 0.01 'leI
dlv.

Crystal Calibrator (optional): Markers at 50-kHz,
200-kHz, and I-MHz III ervals, accurate to
20 ppm.
Mechanical Tuning: Fast motor drive, manually
or externally controlled; manual fir e tuning
1 ~ per r volution, calibrated, rcsettable ~
0.01 %.

Auto-Control Tuning ( ptional): 0.1 % position
ing accuracy. Motor drive sweeps between
preset limits or tunes on command to pres t
frequencies (two internally, additional from
external dc voltages or dividers). Sweep rate
approx 7 '0 Is.
Electranic Tuning: Internal, ±500 ppm, cali
brated, scttable to better than 2 ppm; external,
approx 60 ppm Ivolt up to ± 1000 ppm typical,
limited fm capability. Max input ±15 V iuto
15 kn ( + volts in rease frequency).

Sta~i1ity: After warm-up < 5 ppm per 10 min,
tYPically 1 ppm. Frequency will vary less than
1 ppm as ~resultof.±10'7£ line-voltage changes,
range s."'ltchmg (mstan res~abilization), rf
le,;,el adJ~ tments, or load vanation . Warmup
drift typically 150 ppm in 3 h at 20°C.

Temperature Coefficient: < 20 ppmjO ,typical.

Carrier DiSlortion: < 5%, typical.

Noise: A-M, hum and noise sideband down at
least 0 dB relative to carrier. FM, < 3 Hz pk
at high-frequency end, < 1 Hz pk at low
frequency end.

RF OUTPUT

Range: CW, 0.1 IJV to 6 V behind 50 n 180 mW
into 50 n ( -133 to + 22.6 dBm~' m'odulated
0.1 IJV to 3 V behind 50 n, 45 m'W into 50 ri
( -133 to + 16.6 dBm).

Source Impedance: 50 n. WR is < 1.02 with
a ttenuator set for 0 dBm or less, < 1.05 for
+ 10 dBm, < 1.20 for + 20 dBm.

Level Control: Total range, 155 dB. Step atten
ua~or, 140 dB in 10-dB tep; continuously
adjustable level control, > 10 dB additional.

Accuracy of Leveled Output Power: ±1 dB at
any frequency and termination. Attenuator,
±0.1 dB per 10-<1B step, max accumulated
error ±0.5 dB.

Level Stability: Warmup drift < 0.3 dB, tem
perature effects < 0.01 dBr , lin -voltage
variations < 0.02 dB.

Meter: Reads open-circuit volts and dEm.

MODULATION

Level: 0 to 95%, continuously adjustable.
Stable within ± 1 dB ind pendent of carrier
or modulation frequen y (within modulation
band\\idth) and output lev I.
ModulationBand width: At 100-kHz carrier
max modulation frequency is 500 Hz for 95%
a-m and 2 kHz for 30 0 a-m. Above I-MHz
carrier, max is 5 kHz for 95% and 10 kHz for
30%.

Meter: Reads 0 to 100%. Accuracy ±5 0 of
full scale, 0 to 05% to 10 kIlz ,,-ithin stated
modulation band width.

Incidental Angle Modulation: < 0.1 radian pk
at 30 0 a-m.

Internal

Frequency: 400 and 1000 Hz, ±0.5%. Output
of 2 V behind 100 kn available at panel con
n ctor.

Envelope Distortion: < 1% at 50% a-Ill, < 2%
at 70% a-m.

External

AC-Coupled: 20 Hz to 20 kHz, 2 V into 2.5 kn
for 95% modulation.

Direct-Coupled: D to 20 kH7.. Carrier off '....ith
O-V input; 3-V rf output with +5 V into 10
kn. Max input 10 V p ak.

AUXILIARY MONITORING OUTPUTS

Main-Output Frequency: At least 0.5 V pk-pk
into 50 n (CW) at output carrier frequency.

Subharmonic Frequency: At least 0.3 V pk-pk
(approx square wave), behiJJd ~50 n. Freque~cy
(between 67 and 156 kIfz) IS coherent WIth
and integrally related to carrier frequency
by factor N shown on maio dial.

Tuning-Shaft Posillon (with auto-control op
tion): Analog dc voltage proportional to shaft
position and logging number. Approx -7.5 V
max behind 7500 n, or 90 mV for 1% frequency
change.

Range Indicator: Contact closure through rear
connector.

GENERAL

Leakage: Effects negligible on measurements
of r ceiver s nsitivity down to 0.1 IJV.

Environment: 10 to 50QC ambient for specified
performance.

Accessories Supplied: 74-R22LA Patch Cord,
power cord, 12-terminal connector for external
controls, spare fuse, hardware for both bench
and rack mounting.

Power Required: 105 to 125, 195 to 235, or 210
to 250 V, 50 to 60 Hz, 20 W (33 W with motor
operating).

11
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Mounling: Rack-bench cabin t.

Dimensions (width X height x dl'pth): Bench
model, 1!J x 11 x 15 1

4 in. (I 5 x 2 0 x 3!J0 0101);

rack model 19 x 101~ x 12~~ in. (I 5 x 270 x
:~25 0101).

Weighl (approx): Nel, fj.! III (30 kg); shipping,
7 Ib (-10 kg).

Catl4/og
.Vumber D cription

Price
in SA

1003-9701
1003-9704

1003 Standard-Signal Generalor
1003 Standard-Signal Generalor Complele wilh Aulo
Control Unit and Cryslal Calibrator

$2795.00
2995.00

NEW CARTRIDGE PENS

FOR

GRAPHIC RECORDER

laslrale recorder marker in
place on GR 1521 Graphic Level

Recorder.

"\ e have dev I ped a new, cartridge
type, di posabl r cord r p n for th
popular TYPE 1521 Graphic I v I
R cord r. Trad -nam d the fa irak re
corder marker, th new p n liminate
the problem of ink loading and tip
cleaning.

The tip i p cially d igned for
graphic recording, \v-ith only 2 gram of
force required for proper operation.
Each cartridg ha about twice the life
of one old- tyl pen refill and can out
last three roll of chart paper. \ hen the
artridge i empty, replacement is

clean, quick, and a y. The ntire

fa irak cartridge in luding the writing
tip, i· d' po able. The ink i fa t drying,
and th marker perform well at all
recording pe d . Each marker ha a
pr tective cap that pr v nt drying
when th pen' not in u e.

fasirak r corder marker are boxed
in et of 12 p n of one color (red,
green, or blue) or in an a ortment
containin four each of the three colors.

The graphic I v I r corder will hence
forth be upplied equipped with fasirak
marker. A onver ion kit i available
to adapt exi ting TYPE 1521 recorders
to the fasirak marker.

15.00
15.00
15.00

15.00

1521-9446
1521-9447
1521-9448

Catalog Price
.Vumber De cription in U. ,,1

- 1521-9439--l--c/a-slrale Recorde-r--:MC:-a""7rk-er Conversion Kit (includes -+- $25.00
marker-holder set, instollalion instructions, and cambinotion
marker sel)
lastrale Combination Marker Sel (includes 4 red, 4 green,
4 blue morkers)
lastrale Marker Set, 12 red markers
las/role Marker Set, 12 green markers
las/role Marker Set, 12 blue markers

12
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Figure 1. The Type
1236 I-F Amplifier.

A NEW 3D-MHz AMPLIFIER WITH TWO

BANDWITHS

The 30-MHz amplifier i a popular
in trument that goes under a variety of
names. I is an important lement in a
pre i ion het rodyne receiver, and it i
sometimes called, omewhat 100 ely a
receiver. in.e it often erve, in com
bination with a local o' 'illator and
mixer, a a detector for bridge mea urc
ment , it is also known as a null de
t ctor. -a matter what its name, it i
practically indispensable for a great
many m a urement .

The new GR 1236 i a low-noi e,
high-gain 30-~IIIz tuned amplifier with
two switch- I c cd bandwidth. , giving
the u er a choice of a "narrow" band
of 0.5 ~IHz or a "wide" band of 4

~IHz. One would typically use the
narrow band for operation at lower
frcquencie., witching to the wide
bandwidth at higher local-o ciilator
frequencie wher fr qu ncy tability
i often a problem. The narrow- and
wid -band re pan characteristic are
shown in Figure 2.

A six-inch taut-band m ter with cali
brated linear and decibel cales giv
ex ellent r solution. The top 10 perc nt
of the scale can be expand d to give a
full-scale range of 1 dB with a resolution
of 0.02 dB per mall divi ion. "hen the
meter ale witch i set to COMPRE . ED,

the age loop compre es the meter cale
to about 50 dB. Thi featur is almo t

13
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upply for the local 0 ilia tor.
With a given a 'cillator, th fre

qucncy range can be extended by u e
of th loral- '('illator harmonic th ugh
en itivity and d namic range ar
omewhat reduced in uch operation.

Table 1 Id thr e R 0 ciliataI'
l' commended for u e with the 1236
along wi h th fundam ntal and har
m nic range of each.

A typical n itivity curve for the
74-:\IRAL ~IL\:er and th 1236 (in the

narrow-band mode) with a wtable
local 0 cilIataI' appear in Figure 3.

en itivity i here defined a the input
signal level required for a 3-dB increa e
in the output of the i-f amplifier over
the re idual noi e I e1.

f

. . I
, I ~

•

~
,,.

,
I I
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Figure 2. Narraw- and wide-band response char
acterislics of Ihe 1236.

o 18 20 22 24 26 28 30 32 34 36 38 40
FREOUENCY- MHz ",..,

indi pen. able when th in trument i'
u 'cd as a null d tector in a bridge
m a uring . ystcm.

The attenuator cover a range of 70
dB in 10-dB t p' with an accuracy of
± (0.1 dB + 0.1 dB 10 dB). '1 h ac
cumula trd rror will generally not ex
('ccd 0.:3 dB. Becau e of the ('xecllrnt
repeatability f the attenuator, it i
('ntirely practical t calibrate it again
an external tandard, thu reducing the
attenuator error to that of the tandard.

The 12:36 combine a ily with thr
ncw highly ensitive TUB 74-~IRAL

l\Iixer ( ce page 19) and one of the GR
litle of os('illator to form a wide-range
mea uring receiver. The 12. Gin -Iud a
separate dj u tabl regulated power

Circuit

A low-noi'e preamplifier u e two
~ 'u\·i tors in ca cod in th input tage
and a third _-uvi tor in the outpu t
tage. The heater upply of the ~u

vdor is regulat d to achiev high
gain. tability v line-voltage change.

The preamplifi l' output i· fed to a
ladder-type tep attenuator, which
c ver~ 70 dB in lO-dB t p'. The output
mrtrr i u ed for interpolation betwe n
tep .

The po. tamplifirr con:ist· of one
untuned and three tuned tag'. The
gain of the untuned tage is controlled
by a front-pallcl control, with coal' e
and nne adj u tment .

When the MBTER _CALE witch i in
the COl\1PRE ED po ition, it activat s

FREOUENCY- GHz

5 I
5 .

,
ii

I '3 4 5 6 7 8 9

105 g2.
on

E ..,
",'00 .!:4.
." ""I •

95 .D 8.

~

Figure 3. Typicol sensitivity curve for receiver system comprising 1236, locol oscillator,
ond Type 874-MRAL Mixer.
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Figure 4. Elementary diagram af the detector
linearix.ing network.

the ag loop whi·h COil trol the gain of
the two tuned 'tage .

Th output voltage i about _
volt rm' maximum. A temp rutur 
'tabilized network (Figur 4) cam
p n 'ate for th nonlin ar ('haracter
i ti(" of the det ('tor diode. In thi
network, 1-1 is adju. t d f r a lin ar
re ponse in th upp r part of the
m t r 'cale and r 2 i adj u t d to
optimize the lower part. Figure 5
how th re pon e wHh and withou
amp nation.

Th m a ured d viatioa from a lin ar
respoll of a compen 'ated d tector
circuit i plotted in Figur 6. fulI-
cale met r d fl tion corre 'pond to

2 volt, rm rf volt T • Point A i th
referen(' pint, in thi' a' 10 m t r
deflection, B and are point of zero
error; their po i ion ar determi n d
by 1'1 and V . Th thr e point of zero

/" "
n,

0,

I
I
I 0,I
I
I

;h V,I
I J V,
I In.·,

~l. Khazll.m r I' i\'rd his
degree in Electronic
Engineering from the
Delft University of
T('('hnology, Holland, in
1957, and from !fJ57 to
1960 w:t~ a proj('et engi
neer with th(' Laboratory
for Ele('troni(' D('v lop
men for the Arm d
Force.• in Holland. He
joined Grn<'Tnl Radio in
l!)62 u.s n developm nt engine r in the
:\Iierowave Group and has since sp cialized
in the devrlopment of vhf-uhf in truments
and C'omponent .

L

error may b po itioned f r minimum
rror over ither th wh Ie range or

part of the range.
The p wer ~;upply con i. t, of a

~ U\'istor pIa upply, a upply for
the tran i. tor and for th -uvi tor
h at r , and a local-o ciLIator plat and
hater upply. ,\Il voltage x ept the
10caI-o ('ilJator heat r upply are regu
lat d.

Applications

Th 12:3G will be wid Iy u d with a
10 al o. rillator and mix r a a en itive
null detect r for bridg , uch a GR'
J602 UIll+' Admittanc f t rand 1 '07
Tran fer-Function and Immittance
Bridge. It excell nt performance char-

( 0)

A - RESPONSE CURVE

"-OEVIATION FROM
LINEAR RESPONSE

t1J6.·S

A- RESPO SE WITH V, '0
B- COMPENSATING CURRENT AT

LOW SIGNAL LEVELS

C - OVER-ALL RESPONSE

--'VSIGNAL

ICURRENT

/'...- -- I""o-..B
" I'V( b) v2I I

I
I I
I I
I I

-.VSIGNAL

Figure s. Uncompensated (leFt) and compensated (right) response of detector circuit.
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Figure 6. Measured deviation of compensated
detector circuit from linear response.

dyne-measuring receiver, mall reflec
tion coefficients can be measured with
accuracy omparable to that of a
lotted line.

The following example of an attenua
tion measurement using the i-f eries
ubstitution method indicates the ac
uracy and dynamic range attainabl

with this sy tem.
'Ihe measurement setup is shown in

Figure 7. The receiv r con i ts of a 1236
I-F Amplifier, a 120 Oscillator (40-530
MHz), and an 74-l\IRAL }fixer. The
mea uring frequency i 500 MHz.

The 1236 output reading (attenuator
etting plu' meter indication) is noted

with and without the unknown atten
uator in the circuit. The difference of
the two readings is the measured at
tenuation. The e mea ur ment are re
peated at different signal levels to de
termine the u eful dynamic range of the
system.

The re ult appear in Table 2. The
top two row give the 500-l\IHz ignal
lev I at the detector. The third row
give the attenuator valu . as mea
ured, while in the fourth row the llum
b r are corrected for the 1236 atten
uator error. The numbers in the fifth
row are corrected for the error caused
by the r idual noi , in accordanc
with curves given in the operating
instruction .

These figur how that, for the
range from -73 dBm to -1~3 dBm
(the fiv right-hand columns), the

80 100ZO 40 60

METER DEFLECTION
(OIVISIONS)

11/ ...

k
1-- 8

~'f':::"c
=I

acteristics sugge t that it will also be a
popular relative-signal-I vel meter in
attenuation mea urement , swn mea 
urements at low signal level with
slotted line, reflection-coefficient mea 
urements with hybrids or directional
coupl r , etc. SWR meters con isting
of a tuned detector and a high-gain
low-frequency amplifier often require a
signal level that is too high for meas
urements on nonlinear device. The
heterodyne det ctor, with it much
higher sensitivity, i the preferred
swn meter in uch instance, and it is
also recommend d in general for pre
ci ion m a urements of both high and
low sWlt.

:l\Ieasurements of mall reflection co
efficients with a directional coupl r or a
hybrid reflectom t r arc restricted by
the dir ctivity of the coupler or the
balance of the hybrid and by the dy
namic range and sensitivity of the
detector. By the u e of precision tuners
and such termination a tho e available
in the GR900 line, the directivity or
balanc ('an be made almo t perfect at
anyone frequency. Then, with a hetero-

GR 874-MRAL

SIGNAL 500 10·dB ATIENUATOR IO-dB
MIXER

GR 12361F
GENERATOR MHz PAD UNDER TEST PAD AMPLIFIER

0 0

GR 1208
OSCILLATORS

1216-7

Figure 7. Setup for allenuation measurement described in text.
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prC'ad in the uncorrccted attenuation
figure::) is a.lD dB \vith a maximum
deviation from mean of 0.11 dB. For
the corrected figurc, the spread i
0.0-1 dB and the maximum deviation
from mean 0.0:2 dB. With the correc
tion for re 'idual I1oi.-e appliC'd, the

.July-August 1967

'pread over the range from - :3 to
- l;~ dBm i again 0.0-1 dB, with a
maximum deviation from the mean of
0.02 dB. HC're the accuracy i per
chance con idcrably better than that

ivcn in the pecification.
- ~I. KHAZAM

TABLE 1

Local Osl'illalor Ji're(llIrncy R.ange, J11 H <-
Type

Pllluiamenial 2nd harmonic 8rd harmonic 41h harmonic

1208-C 40-530 100-1030 165-1530 230-2030

1209-C 220-950 470-1870 720-2790 970-3710

1218-B 870-2030 1770-4030 2670-6030 3570-B030

TABLE 2

Min signal level at detector
-95 -83 -73 -63 -53 -43 -33

in dBm-
Max signal level at detector -73 -63 -53 -43 -33 -23 -13
in dBm-
Measured attenuation

17.2 19.05 19.73 19.69 19.61 19.75 19.80in dB-
Measured attenuation
corrected for ottenuator 17.4 19.25 19.78 19.76 19.76 19.80 19.79
error in dB-
Measured attenuation
corrected for attenuator 20.1 19.8 {noise not a factar}
error and residual noise in dB

SPECIFICA nONS
Video Output (Modulation): 1.5 V max; 1-l\lHz
bandwidth.

I-F Output: 0.5 V max into 50 n.
Power-Supply Output: 150 to 300 V dc, ad
ju table, at 30 mA, regulated; 6.3 V ac at 1 A.

Power Requ ired: L05 to 125, 1!l5 to 235, or 210
to 250 V, 50 to 60 Hz, 22 \Y (without 0 cillator).

Accessories Supplied: Power cord, pare fuse.

Accessories Available: As local 0 cillator, GR
J20 , 120!l- , 1209-CL, 1215, L21 , and nOl;
87+-l\fRA L l\1ixer; URSH low-pass filters,
aLtcnuators, adaptors, cLe.

Mounting: onvertible-beneh cabinct.

Dimensions (width X height x depth): by 7%
by in. (205 x 190 x 205 mm).

Weight: Net, 121~ lb (0 kg); shipping, 1-l%: Ib
(7 kg).

Center Frequency: 30 :\fHz.

Bandwidth: iYidp band, approx ·1 :-'fnz; narrow
band, approx 0.5 MHz, selectable by panel
switch.

Noise Figure: Typically 2 dE.

Sensitivity: From a -loo-n sour e, for a 3-dB
incr ase in meter deflection, < () I'V (wide
band) or < 3.5 I'V (narrow band).

Meter Characteristics

Normal Scale: -2 to 10 dB. Linearity ±0.2
dB over 0 to 10-dll range.

Expanded Scale: I-dB full Clue. Linearity
±0.03 dB.

Compressed Scale: ·10-dB min range.

Attenuator

Range: 0 to 70 dE in lO-dB tepS.

Accuracy: ± (0.1 dB + O.L dB/lO dB) at
30 l\fHz.

Continuous Gain Control: lO-dB min ran e.

Catalog
Number

1236-9701

Description
1236 I-F Amplifier

Price
in [ SA-
$67S.00
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CARD-PUNCH COUPLER

The new 1791 Card-Punch oupler
converts the binary-coded digital out
put of the R 16 0- utomatic

apacitance Bridg into the 10-lin
decimal-coded contact clo ures re
quired by an IR:\I 52G Printing um
mary Punch. l p to 22 digit of paral-

1 I data can b ace ptcd from one or

more ource. ince the coupler i' a
y t m compon nt, ill ome in ta.nces

requiring custom tr atm nt of con

ne ·tion , price will be quoted on an

individ ual ba i .

GR900 ADAPTOR AND AIR-LINE SETS

18

xow availabl ar complete et' of
GR900 preci 'ion adaptor' and r fer
ence air line', mounted in mahogany
ca e with foamed-pia tic insert. The
0900-9-1.'51 R900 Preci ion-.\.daptor

et indud . all the adaptor n d d to
mate R900 conn ctor~ with male and
female ENe ,.',. , . M*/BR~I, T.·e

mphcnol AP -7, Precifix 7 mm, and
GR 74 conn ctor .

The 0900-91.'52 GR900 Refer nee
Air-Line t contains one each of the

• •

ix length (.'5 6, 7..), 10 15, and ~O

cm) of TYPE 90 -LZ Reference Air
Line, plu. a 900-\\ ~-1 hort-Circuit
Termination and a 900- \ -! pen
Circuit Termination both of which
are commonly u ' with the air lines.

The torage ca alon i al' avail
able, for those who would like to give
their G R 00 c mponent the maxi
mum protection again·t damag and
dirt.
• 0 ~I is a registered trademark or Omni 'pectra. Inc.

AMPLITUDE-REGULATING
POWER SUPPLY

Th TYPE 126:3 Amplitud -Regulat
ing Power upply i now the 1263- ,
he new uffix d noting a regulated dc

heater upply for improved 0 cillator
performance and a relocated output
re tifier conn ctor f r mol' convenient
installation in relay racks.
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(wntillUed)

I

GR874 MIXER The new 74-::\IR L Mixer is an
improved ver ion of the 74-i\IR, with
significantly better en iti ity and
with GR 74 locking connector. Fre
quency rang i 10 MHz to 9 GHz,
with a maximum i-f of 60 MHz. A
natural partn r for th 1236 I-F m
plifier de cribed earlier in thi i sue.

GR874 ATIENUATORS

Th 74-G14 14-dB fixed attenuator
de cribed in the Octob r 196[' Experi
ment r i now availabl in a locking
v r i n, the 74-G14L. OR 74 ingle-

ection, T-typ r i tance pad are
now offered in 3-, 6-, 10-, 1 -, and
20-dB ize, locking and non-locking.

Catalog
, umber

0900·9451
0900·9452
0900·9450
1263·9703
0874·9561
0874·9947

Description

GR900 Precision-Adaptor Set
GR900 Reference Air-line Set
GR900 Storage Case
1263-C Amplitude-Regulating Power Supply
874-GI4l14-dB Fixed Allenuator
874-MRAl Mix&<

Price
in U A

$1210.00
682.00

35.00
485.00

32.50
65.00

WESCON
All the new io trument d-

cribed in thi i ue can be .. en at
We. Call, at the ow Palace, an
Francisco Augu t 22 through 25,
1967. In addition, th OR booth
( TO. :lOV) 301 ) will feature oper
ing display of GR frequency -yo
the izers, automati component
mea uring y -tern , recording wave
analyzers, and the TYPE 1026

tandard- ignal Generator de-
o cribcd in the l\Iarch 1967 Experi
menter.

Development engine r from our
Cone rd and Bolton plant will join
engin r from our an l<ranci co
and Lo' AnlTele offi in taffing
th GR We on booth. We look
forward to meeting you th reo

19
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GENERAL RADIO COMPANY
WEST CONCORD....... SS...CHUSETTS 01781

DO WE HAVE YOUR CORRECT NAME AND ADDRESS-nome, company

or organization, deportment, street or P.O. box, city, state, and zip code?

If not, please clip the address label on this issue and return it to us with

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

NBS TO CALIBRATE BOLOMETERS FITTED WITH

14-mm PRECISION COAXIAL CONNECTORS

Th National Bureau of tandard
Radio andard Laboratory, Boulder,

lorado, announc s a calibration er
vice for the mea uremcnt of cff ctivc
efficicncy * of coaxial bolometer unit
fitt d with l-l-mm preci ion COllllC ·tors
(e.g. GR900), over a COlltinuou fr
quellcy range from -1 to .5 GHz. e
of }-1-mm prcci'ion connector permits
greater accuracy of m a urement at
radi fr quencie than \Vjl po sible with

the older typ " connector, according
to the B allllOUII(' ment. t pre cnt
the calibration ervice i available for
mca ur m nt a a nominal power of 10
milliwatt and or bolometer unit fi t d
with thrrmi tor-type ('[rm nt having
a nominal operating re i tance of 200
ohm.

*The effecti\'e efliei ncy of " bolometN unit i lbe ralio
of substituted de power in the unit to the rf po\....er d..is.·l.j~

paLed within th bolomeler unit.

GENERAL RADIO COMPANY
WEST CO CORD. MASSACHUSETTS 01781
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CAPACITANCE
STANDARDS
WITH PRECISION
CONNECTORS

One of the chief problems in the cali
bration of two-terminal capacitance
standards has been the variation in
stray capacitance from one binding
post connection to another. Significant
improvement in this area had to await
the development of a coaxial connector
with high repeatability, low inductance,
and a precisely known reference plane.
Fortunately, such connectors are now
available, and they are put to good
use on the new TYPE 1406 Capacitance
Standards.

The preCISIon coaxial connector has
made its reputation on its low SWR

in the gigahertz region, and few if any
microwave standards laboratories are
now without benefit of these connectors.
The well justified attention to uhf
characteristics has tended to obscure
the fact that the precision coaxial
connector is also a powerful tool at
radio frequencies and all the way down
to dc.'

The introduction of the TYPE
1406 Coaxial Capacitance Standards,

equipped with GR900@ precision co
axial connectors, focuses attention on
the usefulness of such connectors at low
frequencies. The 1406, available in five
values from 50 to 1000 pF, would be a
good standard capacitor even with
ordinary connectors. With the highly
repeatable, low-inductance GR900, it
offers performance never before com
mercially available at radio frequencies.

The significance of the precision con
nector on the standard capacitor is far
reaching. The National Bureau of
Standards will no longer calibrate
capacitors with binding posts or other
unshielded terminals'; the Bureau fur
ther states' that maximum calibration
accuracy can be otTerea only when the
capacitor is equipped with precision
coaxial connectors meeting the IEEE
Standard.'

l R. N. Jones and L. E. Huntley, "Precision Coaxial
Connectors in Lumped Paramewr lmmittance l\'!easure
ment," Proc~edi1l{Jf 01 lhe IEEE, Vol 55 No.6, June
1967.
!Federal Register, Vol 32, No. 15. 24 January, 1967.
• R. N. Jones and R. L. J8lich, Hioh Prequeru;y [mmit
lance Calibration. Service8 0/ the National Buteau 0/ Stand·
ard8, U. S. Department of Commerce, National Bureau of
Standards, October 1, 1965.
I D. E. FOSllum "Progrc!llS Report or the. IEEE Instru_
mentation and Meallurement Group Technical Sub
committee on Precision Coaxial Connectol'8" [EEE
Tran3aCtion8 on Tn3trumentation and Mea.mTt~ent, Vol.
IM.13 No.4, December 1964.
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Figure 1. Open GR900® precision coaxial
connector showing fringing capacitance (C/)'

The emphasis of NBS and of others
on coaxial connection is easy to under
stand. Two-terminal capacitance stan
dards are usually calibrated in terms of
the capacitance added to the bridge ter
minals: When these terminals are bind
ing posts. this added capacitance is not
clearly defined, since the addition of the
standard changes the stray capacitance
between the binding posts and also
adds capacitance from the capacitor
case to the high binding posts.s Differ
ent bridge and binding-post configura
tions mean different strays and conse
quent variations in the net capacitance
added to different instruments by the
same standard.

The use of a GR900 precision connec
tor for the terminals changes all this.
The connector has a precisely known
reference plane, and capacitance can
be defined and measured as the internal
capacitance up to this reference plane.

An open GR900 connector on an in
strument has a fringing capacitance
(Figure 1) consisting of the total stray
capacitance beyond the reference plane.
6 John F. Hersh, It A Close Look at Connection Errors in
Capacitance- Measurements," General Radio Experimenter.
July 1959.

When a capacitor with a GR900 con
nector is added to the open connector,
the fringing capacitance is eliminated,
and the net increase in capacitance
equals the value of the capacitor as
measured at its reference plane minus
the value of its fringing capacitance.
The fringing capacitance of a GR900
connector is 0.155 ± 0.008 pF in the
usual environment on a bridge, with no
conductors within several inches of the
open connector. Even better accuracy
can be obtained if an initial balance is
made with a small capacitor whose
value is known precisely at its reference
plane.

The low over-all inductance of the
new standard means that the capaci
tance change with frequency is negligible
up into the megahertz range (see
Figure 2). The difference between the
I-kHz and the I-MHz values of ca
pacitance is, for the lower capacitance
values, smaller than the uncertainty
of the I-kHz measurement on a preci
sion bridge. Assuming that the useful
upper-frequency limit is the point
where the effective capacitance differs
from its I-kHz value by 10 percent,
the lOOO-pF capacitor is useful to
16 MHz, the 50-pF unit to 83 MHz.

Because of its wide frequency range
and its acceptability by the National
Bureau of Standards for calibration
above 30 kHz, the 1406 capacitor is ex
pected to be used chiefly as a standard
for the calibration of two-terminal
bridges and other impedance-measuring
instruments. Of course, the most con..
venient arrangement and the most
accurate measurements result when the
bridge is equipped with a GR900 con
nector, as is the rf bridge described
elsewhere in this issue. The next best
thing is a precision adaptor, and two
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Figure 2. Typical percent increase 10~~!m~~m~~g!II~~~~11In capacitance af Type 1406 7"

Caaxlal Capacitance Standards
with frequency.

/

.'.....,
.'"

0.02

Figure 3. Type 1615-P2 Cooxlol Adoptor.

of these have been designed speeifically
for use with bridges. One, the TYPE
1615-P2 (Figure 3), is used with the
0.01%, I-kHz TYPE 1615-A Capaci
tance Bridge. A trimmer capacitor is
included so that the terminal capaci
tanee can be effectively eliminated
from the measurement.

The TYPE 900-Q9 Adaptor (Figure
4) mates with binding posts on %,-inch
spacing, such as are used on the GR 716
Capacitance Bridges, with other posts

Figure 4. Type 900-Q9 Adoptor.

with a U-28 thread, or with tapped
holes, on %'-to-I-inch spacing. Among
the many instruments accommodated
are the Boonton Radio TYPE 260A
Q Meter and the Boonton Electronics
Model 75 Capacitance Bridge.

Description

The air capacitor in the TYPE 1406
Standard is a rigid assembly of parallel
plates mounted in a shielded cylindrical
enclosure, with a GR900 precision con
nector providing the terminals. Metal
parts are aluminum to minimize stresses
caused by differences in thermal ex
pansion. The capacitor plate assembly
is insulated from the mounting plate
by cross-linked thermoset polystyrene
insulators, treated to reduce the effects
of humidity. The heavy cover plate is
threaded to screw into the cylindrical
housing; the resulting rigid assembly

5
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eliminates mechanical instabilities that
could cause small variations in ca
pacitance.
Calibration

A calibration certificate supplied
with each capacitor gives the measured
value of capacitance at 1 kHz, the tem
perature and relative humidity at the
time of measurement, and the calcu
lated effective capacitance of the unit
at 1 MHz. The I-kHz capacitance ap
plies at the well defined reference plane
of the GR900 connector, and it is ob
tained by comparison with working
standards whose absolute values are
known to within ±O.OI percent. The
working standards are in turn cali
brated periodically against NBS-cali
brated reference standards.

The I-MHz value of capacitance is
calculated from the measured Iow
frequency capacitance and the known
inductance of the capacitor. Of con
siderable importance is the fact that,
due to the low inductance and the
rugged construction of the standard,
any change in its I-MHz capacitance
value will be accompanied by a pro
portional change in its I-kHz capaci
tance value. Thus a standard can, for
example, be NBS-calibrated at 1 MHz,
and this high-frequency value can
thereafter be monitored by means of
periodic I-kHz measurements.

-R. W. ORR

A brief biography of Mr. Orr appeared in the
August 1966 Experimenter.

SPECIFICATIONS
Calibration: A certificate of calibration is sup
plied with each unit, giving the measured
capacitance at 1 kHz and at a specified tem
perature and relative humidity. The measured
capacitance is the capacitance at the reference
plane of the GR900 connector. This value is
obtained by comparison, to a precision better
than ±0.01 %, with working standards whose
absolute values are known to an accuracy
typically ±0.01 %, determined and maintained
in terms of reference standards periodically
calibrated by the National Bureau of Standards.

Stability: The capacitance change is less than
0.05%/year.

Accuracy: Capacitance is adjusted to within
0.1 % of nominal value.

Residual Parameters: See table below. Dissipa
tion factor is given for 40% RH and varies as

the 3/2 power of frequency above about 100
kHz.
Insulation Resistance: Greater than 1012 fl at
23°C and less than 50% RH.
Temperature Coefficient of Capacitance: Typically
10 to 20 ppm/oC between 20 and 70°C.
Accessories Available: TYPE 1615-P2 for con
venience in calibrating with 1615-A Capaci
tance Bridge; TYPE 900-Q9 Adaptor for con
nection to GR 716 Capacitance Bridge, Boon
ton Q Meter, and other binding-post-equipped
instruments.
Terminal: GR900 precision coaxial connector.
Mounting: Aluminum panel and cylindrical
case.
Dimensions: 3 by 5~ in. (77 by 135 mm).
Weight: Net, 1~ lb (0.8 kg); shipping (est)
5 lb (2.3 kg).

6

Typical Dissipation
Factor

Catalog Nominal Peak 1 kHz
1 MHz

Typical Price
Number Type Capacitance Volts (40% RH) Inductance in USA

1406-9701 1406-A 1000 pF 700 3 X 10-6 50 X 10-6 8.6 nH $120.00
1406-9702 1406-8 500 pF 900 5 X 10-6 30 X 10-6 8.4 nH 115.00
1406-9703 1406-C 200 pF 1200 20 X 10-6 25 X 10-6 8.1 nH 110.00
1406·9704 1406-D 100 pF 1500 30 X 10-6 20 X 10-6 7.6 nH 105.00
1406-9705 1406-E 50 pF 1500 50 X 10-6 15Xl0-6 6.7 nH 100.00
1615-9602 1615-P2 Coaxial Adaptor, GR900 to binding post 60.00
0900-9874 900-09 Coaxial Adaptor, GR900 to binding post 50.00



COAXIAL
CONNECTION
CAPABILITY ADDED
TO RF BRIDGE

The new TYPE 1606-B RF Bridge
(Figure 1) differs from its predecessor
by the simple but important fact that
its II unknown" terminals can be
quickly and easily converted to accept
a OR900® precision coaxial connector.
This means that the bridge can be pre
cision-calibrated against OR900 com
ponents or against the TYPE 1406
Coaxial Capacitance Standards de
scribed elsewhere in this issue. It also
means that components and networks
equipped with OR900 connectors can
be accurately measured on the bridge.
Moreover, almost any type of coaxial
connector can be connected to the
bridge terminals through one of the
many OR9oo adaptors available.

To review the principal character
istics of the 1606 RF Bridge: Resistance
and reactance are indicated directly
in ohms, over a frequency range from
400 kHz to 60 MHz. Measurements are
made by a series-substitution method,
in which the bridge is first balanced
with its unknown terminals short
circuited, then balanced with the un
known impedance connected. Since its

Figure 1. Type 1606-8 RF Bridge. Inset showl
GR90o® adaptor in place.

introduction, the bridge has been very
widely used in rf measurements on
antennas, transmission lines, networks,
and components.

Conversion for Coaxial Connection

The TYPE 1606-P2 Precision Coaxial
Adaptor Kit (Figure 2) converts the
TYPE 1606-B RF Bridge either to the
standard OR900 configuration or to a
14-mm flange connection. In addition
to the necessary OR900 and flange
connector hardware, the kit includes
both OR900 and OR874 50-ohm com
pensating lines, for matching out the
bridge terminal capacitance.

With the OR900 adaptor in place, the
bridge can be quickly converted for use
with any of the popular coaxial con
nectors, via OR900 precision adaptors.
With the OR874 50-ohm compensating
line in place, the extensive line of
OR874 adaptors is added to the com
patibility list. The many connection
possibilities are gi ven in Table 1.

The most precise measurements can
be performed with the direct OR900
connection. In this case the unknown is

7
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TABLE I

Adaptors from 1606·B Bridge (with
1606-P2 Kit) to Various Coaxial Systems

*For 50-ohm compensation, add 1606-3060 unit, supplied
with J606-P2 kit..* For 50-0hm compensation, add 1606-3070 unit, sup
plied with 1606-P2 kit. Otherwise, add 874-Q900L
adaptor.
t Registered trademark of Omni Spectra, Inc.

coaxial components are connected di
rectly to the bridge).

An alternative practice is to leave
the GR900 adaptor in place and to add
to it a 900-Q9 adaptor, which converts
from GR900 to binding posts. The
parasitic inductance and capacitance
values are furnished with this adaptor.

Some of the many standards that
can be used to calibrate the bridge are
listed in Table 2.

-J. ZORZY

A brief biography of Mr. Zorzy appeared in the
August 1966 Experimenter.

Through
GR874**

874·QHPA
874·QHJA
874·QLPA
874·QLJA
874·QLTP
874·QLTJ
874·QMDP
874·QMDJL
874·QMMPL
874·QMMJL

874·QSCP
874·QSCJL
874-QTNP
874·QTNJL
874·QUP
874·QUJL

874·QAP71
874·QBPA
874·QBJL
874-QMMPL
874·QMMJL
874·QCP
874·QCJL

Through
GR900'

900·QAP7
900-QBP
900·QBJ
900·QMMP
900·QMMJ
900·QCP
900·QCJ
900·QPFl
874·Q900L

Connector
on Unknown

APC·7 {7mm}
BNC JACK
BNC PLUG
BRM JACK
BRM PLUG
C JACK
CPLUG
Dezifix
GR874
HN JACK
HN PLUG
LC JACK
LC PLUG
LT JACK
LT PLUG
Microdot JACK
Microdot PLUG
OSMt JACK 900-QMMP
OSMt PLUG 900-QMMJ
Precifix A 900·QPF7
SC JACK 900·QSCP
SC PLUG 900·QSC J
TNC JACK 900·QTNP
TNC PLUG 900·QTN J
UHF JACK
UHF PLUG

Figure 2. Type 1606·P2 Precision Coaxial
Adaptor Kit.

Precise Bridge Calibration

Perhaps the most important ad
vantage of the precision coaxial con
nector is that it serves as the essential
link between the bridge and the most
accurate available calibration stand
ards, including new coaxial capacitance
standards (see page 3) acceptable for
calibration by the National Bureau of
Standards.

With the coaxial connection, a pre
cision calibration is a quick and easy
matter. The bridge is balanced with the
GR900 adaptor (from the 1606-P2 kit)
in place and with the standard con
nected to it. Then, if the bridge is to be
used without the GR900 adaptor, the
known capacitance of the adaptor is
subtracted out. In addition, the 1606-P2
kit contains a spacer sleeve that can be
added to duplicate the GR900 adaptor
capacitance in open-terminal measure
ments (e.g., measurements where 000-

assembled with a GR900 connector
for the direct measurement on the
bridge.

8
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TABLE 2

GR900-Equipped Standards

4.0000 pF
5.0000 pF
6.6667 pF

10.000 pF
20.000 pF

2.67 pF

Capacitance

1406-A Coaxial
Capacitance Standard

1406-8 Coaxial
Capacitance Standard

1406-C Coaxial
Capacitance Standard

1406-D Coaxial
Capacitance Standard

1406-E Coaxial
Capacitance Standard

900-Ll 0 Precision Air Line
900- Ll5 Precision Air Line
900-L30 Precision Air Line
900-LZ5 Reference Air Line

1000 pF

500 pF

200 pF

100 pF

50 pF

6.6 pF
10 pF
20 pF
3.3333 pF

900-LZ6 Reference Air Line
900- LZ7H Reference Air Line
900-LZ10 Reference Air Line
900-LZ15 Reference Air Line
900-LZ30 Reference Air Line
900-W04 Open-Circuit

Termination

Resistance

900-W50 Standard Termination
900-W100 Standard Termination
900-W200 Standard Termination
900-WR11O Standard Mismatch
900-WR120 Standard Mismatch
900-WR150 Standard Mismatch

50 Q
100Q
200 Q

45.45 Q
41.67 Q
33.33 Q

SPECIFICATIONS

Description

RANGES OF MEASUREMENT
Frequency: 400 kHz to 60 MHz. Satisfactory
but somewhat less accurate operation can be
obtained at frequencies as low as 100 kHz and
somewhat above 60 MHz.
Reactance: ±5000 Q at 1 MHz. This range
varies inversely as the frequency; at other fre
quencies the dial reading must be divided by
the frequency in MHz.
Resistance: 0 to 1000 Q.

ACCURACY
Reactance: At frequencies up to 50 MHz,
± 2% ±(1 + 0.0008 RJ) Q where R is the mea
sured resistance in ohms and f is the frequency
in MHz.
Resistance: At frequencies up to 50 MHz,

± [1% + 0.0024j2 (1 + 1~~) %

10-4 X ]±--;Q+0.1Q

(where X is the measured reactance in ohms).
Subject to correction for residual parameters.

GENERAL
Generator: External only (not supplied) to
cover desired frequency range. Recommended,
TYPE 1211-C and TYPE 1215-C Unit Oscilla-

Catalog
Number

tors, TYPE 1330-A Bridge Oscillator, TYPE
131O-A Oscillator, TYPE 1003 Standard-Signal
Generator.

Detector: External only (not supplied). A
heterodyne detector, TYPE DNT-6, is recom
mended for use above 3 MHz. A well shielded
radio receiver is also satisfactory.

Accessories Supplied: 2 leads of different lengths
to connect unknown impedance to bridge
terminals; 71-in. spacer and %:-in. screw to
mount component to be measured directly on
bridge terminals; 874-R22LA Patch Cord.

Accessories Available: Luggage-type carrying
case, 1606-P2 Precision Coaxial Adaptor Kit.

Mounting: Welded aluminum cabinet.

Dimensions (width X height X depth): 1271 X
971 X 1O~ in. (320 X 245 X 260 mm).

Weight: Net, 23 Ib (10.5 kg), with case, 29 Ib
(13.5 kg); shipping, 30 Ib (14 kg}, with case,
31Ib (14.5 kg).

Specifications for 1606-P2
Capacitance Added: By adaptor to GR900, 0.38
pF at reference plane (less fringing capacitance);
by flange adaptor, 0.18 pF.

Weight: Net, 10 oz (270 g); shipping, 12 oz
(340 g).

Price
in USA

1606-9702
1606·9601
1606·9602

1606-B R-F Bridge
1606-P1 Luggage-Type Carrying-Case
1606-P2 Precision Coaxial Adaptor Kit

$1050.00
25.00
95.00

9
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PRECISION CAPACITANCE MEASUREMENTS
WITH A SLOTTED LINE

The precision slotted line, normally
considered a microwave instrument,
can be used to measure the capacitance
of any high-Q capacitor from about
one-third its self-resonant frequency to
nearly the self-resonant frequency. Such
measurements are made at General
Radio in connection with the calibra
tion of new coaxial capacitance stand
ards (see page 3). From the basic
capacitance measurements, the self
resonant frequency is determined by
extrapolation, and the parasitic in
ductance of the capacitor is easily cal
culated. Since the departure from the
"dc'" capacitance reaches 12.5 percent
at one-third the resonant frequency, the
slotted-line measurement covers a very
important frequency range.

Principle of Measurement

This unusual application of the
slotted line results from the fact that,
for a small capacitive reactance, the
minimum position of the slotted-line
probe is relatively close to the unknown
terminals, in terms of wavelength. In
lumped-parameter terms, the induc
tance of the coaxial slotted section is
generally great enough to resonate the
capacitor being measured. The slotted-

line probe, in the active sense, behaves
like an adjustable short-circuiting wiper
whose position along the line corre
sponds to the minimum of the voltage
standing-wave pattern. The slotted line
thus acts as a precision variable in
ductor.

At higher frequencies, usually above
50 MHz, this lumped representation is
no longer accurate, and distributed
transmission-line formulas must be
used for capacitance determination.

Procedure

The use of a GR900® preClSIOn
coaxial connector is highly recom
mended for maximum accuracy and
is essential if the measurement is to
be made on a TYPE 900-LB Precision
Slotted Line. The TYPE 1406 Coaxial
Capacitance Standards are equipped
with GR900 connectors and can thus
be directly connected to the precision
slotted line for high-frequency calibra
tion. For capacitors not so equipped,
the TYPE 900-Q9 Adaptor (see page 5)
offers a convenient binding-post con
nection.

The measured values are slotted
line minimum position and exact fre
quency. The capacitance is calculated

10

Figure 1. Typical Inductance
per unit length for Type
900-LB Precision Slotted

Line.
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1
from: Cx = w2L(w)i

where w = angular frequency (27rf)
L(w) = slotted-line inductance per

unit length
i = physical length from un

known reference plane to
slotted-line minimum.

The inductance per unit length of the
slotted line is not easily calculable be
cause the conductors are usually made
of one material and plated with another.
Skin-effect calculations are not reliable
because the plating thickness is not
known accurately enough. This induc
tance has been measured for a number
of TYPE 900-LB Precision Slotted Lines;
the results are shown in Figure 1, which
may be used to determine L(w). These
measurements were made by means of a
solid-silver TYPE 900-LZ Reference Air
Line, whose characteristics are deter
mined on an absolute basis from its
dimensions and known values of con
ductivity. The dimensions are known
to within about ±0.01%; conductivity
is known to within about 10%. A
high degree of accuracy for conductivity
is not required in this calibration; the
skin-effect correction is, for example,
less than 1% above 1 MHz, and the

September 1967

resulting error in the skin-effect cor
rection would be only about 0.05%
in this case.

The physical length from the un
known reference plane to the slotted
line minimum position can, with care,
be measured to an accuracy of about
0.05 percent. A final measurement ac
curacy of about 0.3 percent is possible,
taking into account the variation of
L(w) from one slotted line to another.

The residual inductance of the capaci
tor can be determined from the meas
ured data, if a low-frequency capaci
tance measurement is performed. The
TYPE 1615-A Capacitance Bridge can
be used to measure capacitance (Co) at
1 kHz to ±0.01 percent. Then the
inductance (Lo) required to resonate
Co at the high measurement frequency
is determined from

The inductance that ltctually reso
nated the capacitor at the high fre
quency (Li) is then subtracted from
Lo to give the residual inductance of the
capacitor.

-J. ZORZY

M. J. McKEE

11
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Figure 1. Type 1163 synthesizer under control of 40-channel program
unit. Additional frequencies ore available in second 40.channel unit.

A MECHANICAL MEMORY FOR FREQUENCY
SYNTHESIZERS

12

The modern decade-frequency syn
thesizer can generate precision fre
quencies defined by many significant
figures. This invaluable capability is,
unfortunately, accompanied by a minor
drawback - the figures must be chosen
and set, digit by digit, each time a new
freq uency is needed.

Whether the frequency is controlled
by a series of in-line dials, for good
readout, or by a less readable matrix of
pushbuttons, manipulation of a series
of six or seven or more controls for
each desired frequency is a chore, and
a mistake in setting is an ever-present
danger.

If the synthesizer can be programmed
remotely, much of this burden can be
transferred to a computer, simple or

complex according to the needs of the
intended measurements. Less elabor
ately, when a number of precision fre
quencies are needed repetitively, storing
each of them in a bank of mechanical
switches, for instant recall on demand,
seems a simple solution to a complex
problem. For programmable General
Radio synthesizers, this operation is
conveniently handled by the new
Preset Frequency Program Unit.

The Program Unit has two major
parts: an "active housing," cabled to
the synthesizer to be controlled, and a
"program tray," in which desired fre
quencies can be set in a convenient
array of linear digit switches. A program
tray plugged into the housing auto
matically takes control of the synthe-



sizer. The operator can quickly recover
manual control of any or all digits at
any time merely by moving the related
synthesizer digit dials out of the R
(remote) position.

Trays are available with 20 and 40
channels. Of course, any number of
trays can be programmed and ready
for use when needed. Any tray plugs
into the housing in seconds and goes to
work instantly.

Figure 1 shows a TYPE 1163 Syn
thesizer controlled by a program unit.
Figure 2 shows the interior of a 40
channel tray, as it appears when it is
withdrawn from the housing. In this
tray, a matrix of 280 lO-position slide
switches is arranged in seven columns
and 40 rows. Each row controls a fre
quency channel. To program a channel
frequency, one sets the seven switches
in the row to the desired digits hy
sliding the switch contactors to num
bered (0-9) positions on a fiducial strip.

September 1967

A seven-digi t frequency can thus be
"read into memory" in .:3econds. Since
the trays plug in and out with no
permanent wiring connected, a tray
can be withdrawn, carried to any con
venient location for setting up a pro
gram, and restored to use with a mini
mum of bother.

The two rectangular handles (occupy
ing most of the front of each tray) serve
a double purpose: they provide enough
leverage to engage or to disengage the
multiterminal connectors between tray
and housing, and they also carry (under
a protective transparent cover) remov
able cards on which the frequency pro
gram set in the tray can be typed or
written for instant reference from the
front.

In use, any preset channel frequency
is selected instantly by the grounding of
the appropriate channel line, through
a single contact or a transistor switch.
Since arrangements for making such

Figure 2. Interior of 40-c:hannel program unil.

13
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Figure 3. Three experimental program-unit switching assemblies.

14

contact closures will undoubtedly vary
widely depending on user requirements,
no standard device for performing this
function is presently offered. In tbe
system of Figure 1, a 40-pushbutton
switching device controls the selection
of any of the 40 channels.

Figure 3 illustrates other pushbuttons
and switching devices that have been
constructed experimentally. These are
not offered as standard products, but
control units similar to these can be
designed and supplied on special order.

Each digit insertion unit is connected
to the Program Unit by a 12-wire
cable carrying control and supply lines.
These cables are available separately,
so one need order only as many of them
as there are digits to be programmed.

Applications

The Preset Frequency Program Unit
will find application whenever two or
more different precision frequencies are
expected to be used repetitively, as in
production alignment and testing of
frequency-selective apparatus such as
comb-filters, radio receivers, or trans
mitters. Physicists engaged in nuclear
or atomic resonance research should
also find this device very useful.

Ephemeris-predictable Doppler shifts
could be handled quite simply, by the
use of this equipment, in telemetry or
communications systems.

Time-sharing of synthesizers, with
suitable programming of output switch
ing, will probably offer important
economic advantages in many systems.

Two synthesizers can be simultan
eously programmed to different groups
of frequencies by two trays controlled
by a single set of contact closures. Thus,
for instance, simultaneous dual outputs
with constant frequency separation can
readily be achieved. Such setups are
useful in heterodyne measuring systems.

External selection apparatus can, of
course, be arranged to step through a
series of frequencies in a definite se
quence at a controlled rate or, alter
natively (as by pushbuttons), to pro
vide random access to any frequency
stored. The trays can thus become part
of highly automated systems, or they
can be used more simply to aid manual
testing or research.

Conclusion

The frequency program unit is simple
in concept and easy to use; applications
are expected to be extremely varied,
conceived and executed by engineers
and other scientists working in the
many fields in which frequency syn
thesizers are so rapidly becoming in
dispensable.

- A. OYES, JR.

A brief biography of Dr. Noyes appeared in the
Janua.ry 1967 Experimenter.
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SPECIFICATIONS

Description

Capacity: Stores 20 or 40 preset i-digit fre
quencies (depending upon model).
Frequency-Selection Input: ~fechanical or solid
stat.e s"itch closure to ground required for
each channel. Each closure must be capable of
carrying 70 rnA with < 0.5-V drop.
Frequency-Selection Output: Circuit closure on
IO-line connection to each controlled digit.
Switching Time: <2 ms, depends only on speed
of programmable modules.
Accessory Supplied: Connector assembly (two
24-pin connectors) for connection of external
selector switches to 1160-P1.

Catalog
Number

Accessories Required: Cables from 1160-Pl to
synthesizer, one per controlled digit: 2-foot
length is standard; select to suit RDI modules
to be controlled.
Accessories AVCliiable: One empty instrument
cabinet, convenient in interchanging trays
in systems using more than one tray.
Mounting: Relay-rack cabinet.
Dimensions (width X height X depth): 19 X
I%, X 15 in. (485 X 45 X 385 mm).
Weight: 20 channel, net 91b (4.1 kg), shipping
20 Ib (9.5 kg); 40 channel, net 11 Ib (5 kg),
shipping 221b (10 kg).

Price
in USA

1160-9620
1160-9640
1160-9701
1160-9702
1160·9704
1160-9500

1160-P1 Preset Frequency Progrom Unit
20 channels
40 channels

Coble (2.ft) to any programmable module (I 160.RDI.l) up to 100 kHz/step
Cable (2·ft) to 1 MHz/step programmable module {I 164.RDI.2J in 1164 models
Cable (2.ft) to 1 MHz/step programmable module 11163-RDI-.4} in 1163 models
Cabinet, empty, to store 1160-PI troy

$1000.05
1825.00

75.00
75.00
75.00
50.00

MORE PROGRAMMABLE PLUG-INS FOR SYNTHESIZERS

•

Two new remotely controllable digit
insertion units extend the advantages
of programmability to all digit stations
of all GR 1160-series frequency syn
thesizers, with the single exception
of the top digit of the TYPE 1164.

The 1163-RDI-4 is a plug-in re
placement for the DI-4 (X 1 MHz)
unit in a TYPE 1163 synthesizer. This
means that the entire 12-MHz range
of the 1163 is now programmable.

The TYPE 1164-RDI-2 is a pro
grammable plug-in for the X 1 MHz
station of an 1164 synthesizer.

These two new programmable mod
ules, like the lower-frequency RDI-l
units, are directly interchangeable
with their nonprogrammable counter
parts, and converting any station for
programmability is just a few seconds'
work.

Catalog Price
Number Description in USA

Programmable
Digit-Insertion Units

1163-9479 1163_RDI.4, 1 MHz! $575.00
step, in 1163 models

1164-9479 1164-RDI.2, 1 MHz! 555.00
step, in 1164 models

1160-9650 Hook-Up Cable for all 15.00
RDI's, 50 ft, 12 can·
ductor, shielded
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SEMINAR ON LOW-FREQUENCY STANDARDS

A seminar on Low-Frequency Electri
cal Standards will be conducted by the
National Bureau of Standards at the
Bureau's new site at Gaithersburg,
Md., from December 11 to 13, 1967.

The seminar will present information
on the accurate measurement of elec
trical quantities and on the calibration
of electrical standards. It will cover
the measurement methods used by the
Bureau to establish and to mailltain

the basic electrical units and to calibrate
customers' standards of resistance, in
ductance, capacitance, voltage, current,
and power from dc through 30 kHz.
Emphasis will be on measurement tech
niques of interest to those working in
standards and calibration laboratories.

Those wishing further information
should write to R. F. Dziuba, B-162,
Metrology Building, National Bureau
of Standards, Washington, D. C. 20234.

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS 01781
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CONSIDERATIONS IN THE CHOICE
OF A LINE-VOLTAGE REGULATOR

A line-voltage regulator seems a simple
enough device, designed to perform a sim
ple task. The temptation is to compare dif
ferent models merely by looking at one
or two of the more obvious specifications.
The "simple task," however, is complicated
by a number of factors, especially including
the characteristics of the load connected to
the regulator output. The following article
discusses some of the more subtle aspects
of this widely used and widely needed
family of instruments.

It is widely appreciated that line
voltage, as delivered by the public
utility, varies in amplitude by at lea t a
few p rcent (the most widely followed
standard i 120 volt ±5%) and that
much wider swings are likely wh n the
line is subject to wide load ~':'i tion .
It i al 0 fairly well understooJ. I h·~t line
voltage that i too high or tr,0 low
even by as little as a few v ,;k . can
decrease the efficiency or hart,ll the
!if of many electric deviee auel can
introduce significant error in mea ure
ment made with electrical ins rum nt .
For the reason, many laboratories
and manufacturers u e automatic. line
voltage regulators to hold thee line
voltage to within a few tenths (If a volt
or better of a nominal value.

At first glance, the cril,eri.'1 for a
voltage regulator seem to be . im pIc,
chiefly including the peed witb which
the regulator can act to re tore voltage
to a nominal value and th l1cwracy
with which it re-establishes this flOminal
value. ctually, there is a great deal
more involved, and the engineer looking
for a line-voltage regulator fiU t be
willing to read all the specifications and

to asse s their impact on one another
and on hi problem.

Distortion

Take, for in tance, the matter of
di tortion. To appreciate the signifi
cance of distortiQll in a voltag regula
tor, one mu t keep in mind that a line
voltage regulator fiU t be designed to
detect and regulate a pecific charac
teristic of ac voltage. (The root-mean
square characteristic is usually chosen
as the be t compromi .) That value
mayor may not corre pe'll'l to the need
of the devices operatd 1:'{,l'; :~ ~ regula
tor. A lightly load l .. 'i'd.. Ie .. "-input
dc power upply n,spu,l'b ~o peak
voltage; thermal d.~\·;r ~.. "t;~po.1d to
I'm ; heavily IOaJf I, ~·i.'JLLCHjve..input
as well a induc i 1,- !lJIJ1lt pm er • up
plies and mechanic..: :,/ ,tern gellcl':illy
re pond to the aver;.!!, ~ v.'Iv of \·oltage.
A relay rack full of .He' "-lment·· 01' e-ren
a single in trument, tr.:..y '.\lell indude
devices or power u~p; ;,,~ ,....lth all three
re ponse characteri~.;".~. Tbe 1e. di
tortion introduced hy t e n:~ulu.toj·. l,he
better the regula (lr'~ fl.! Hit to ,.rack
all three chararr;eristics of th voltuO'e
while regulating on ly one.

Thu ,the tat d acclImcy of 2. regu
lator must be int rp!·ct'\.1 in the light. of
the distortion pecif;cal.inll. A ±O.l%
accuracy statement u ua,ll mean. that
the regulator wil! hold the rms voltage
wi hin ±O.J % of llominal. But if this
specification i., ccompanied by a :~%

distortion figure, ptak-re p udin / de
vices operating from the eglilator may
be faced with a lm~cu a l1 3% chunge
in input volt"\ge, I1,nd !l.ll avera.ge
responding dc·..it illr-.,r ncounter as

3
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much as a 1% variation, or 30 or 10
time the maximum error implied by
the specification.

The electromechanical regulator, util
izing the continuously adju table auto
transform r, introduce no di tortion; in
contra t, all magnetic regulator avail
able at pre ent introduce di tortion in
the proce of regulating. Furthermore,
the di tortion components g n rated
are often at high frequencie ,i.e. ome
portion of the output waveform ha a
fa t ri time, which may rai havoc
with some digital equipment.

Overshoot

The re pon e characteri tic of volt
ag regulator frequenUy display orne
overshoot, the amount being a function
of the degree of damping in the regula
tor. Althou h one's in tin t might ug
gest that the optimum amount of
over hoot is no overshoot at all, ome
over hoot u ually exist a a byproduct
of a fast r ponse characteri tic. Mor 
over, th effect of over hoot can be
po itive - a , for in tanc , when the
over hoot compensate in part for the
effects of a voltage transient on the
devic powered from the r gulator.
There is a delicate balan e h re; too
much over hoot can initiate 0 cillation
and m an an intolerable d lay in
returning voltage to its nominal value.

Overshoot introduce a problem in
the specifying of respon e time. When
can a voltage tran i nt be said to
be corr cted - when the volt ge first
comes within p cified accuracy limits
(even though overshoot sub equ ntly
take it outside tho e limits) or when
the voltage is within the accuracy limit
to stay? Common practice ignores the
overshoot, but the canny buyer will do

• •otheI'Wl e.

kYA Ratings and Overloads

Load rating i another innocent
looking pecification that can be mis
leading. ot that a l-kVA regulator
won't handle 1 kVA; it almo t certainly
will, but tarting urge can momen
tarily overload a regulator that i other
wi e adequately rated. Electromechan
ical regulator u'ing autotran formers
can readily with tand 1000-percent
short-term overload. But magnetic
units typically u e fa t-blow fu es or
di abling circuit to protect components
from damage, and such fast-acting pro
tective devices can prevent measure-
ments of tart-up times of servo or
induction motor, high-powered, keyed,
or pul ed equipment, etc. In test at
GR, a l-kVA, 120-volt magnetic r gula
tor, which one would normally expect
to control a kilowatt comfortably, blew
fu repeatedly when a lOOO-watt
incande cent bulb wa connected to its
output.

High tar ing urges mu t be ex
p cted in the turn-on of incande cent
lamps, induction motor, and trans
former-equipped device.

Response Speed

The time required for a regulator
to re tore proper output voltage after
a line or I ad di turbance is another
important characteristic. ince the cor
rection proceeds e entially exponen
tially in a magnetic r gulator and
linearly in an lectrom chanica! regula
tor, each type expre ses response speed
or corr ction time difIerently. For
electromechanical regulators, response
speed or correction time ha tradition
ally been tated in volts per second or
seconds per volt, respectively, with the
given value ba ed on the full slew
speed of the servo system. Of course,
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the system requires some mall amount
of time to attain this speed, and a more
accurate expres ion for correction time
would therafore be in terms of a fixed
time plus a time proportional to the
magnitude of the correction. We have
adopted this method of expre ion in
the p cifications for the line-voltage
regulator intI' duced later in thi is ue.

For a magnetic regulator, the time
con tant is p cified - i.e., the time
taken to corre t 63 p rent of the error.
Usually from two to four time constants
are required to correct an input dis
turbance to within the pecified ac
curacy.

How can these two different expres
sions be compared? Obviously, one
must know the magnitude of the input
disturbance before any direct compari
son can be made. In g neral, for the
usually encount l' d mall but udd n
voltage steps superposed on larger but
slower voltage excursions, the response
spe d of the electr mechanical and
magnetic regulators are approximately
the same. For the less usual case of
10- to 20-p rcent instantaneous line
voltage steps, neither l' gulator i v ry
fast, but the magnetic type is definitely
the fa tel' of the two.

load Effects

Common conception has the line
voltage regulator accepting varying
voltage at its input and presenting a
constant voltage at it output. Changes

•

in load or power factor, as well as
the surge effects discussed earlier, can
ea ily create voltage hanges as great
as those on the unregulated power line.
All the magnetic regulators tested at
mwere significantly affected by mod

erate load changes, resulting in a re
covery time comparable to that required

October 1967

to correct a large input transient even
though the input voltage remained con
stant. Furthermore, the waveform was
modified, hanging the p ak and aver
age values of output voltage even
though the rms level was maintained.

The electromechanical regulator, on
the other hand, is little affected by load
changes, because of the low output
impedance and clo e coupling between
input and output of the au totransformer.

line- Frequency Effects

The power company generally holds
it line fr qu n y v ry clo e to the
nominal value, and what slight devia
tions there are do not normally affect
regulator performanc. In the field,
however, a portable generator may well
be off 50 or 60 Hz more often than it is
on, and th rein lie a maj or source of
distortion and poor voltage l' gulation.
Line-frequency shifts pose a particular
probl m for the magnetic regulator, and
manufactur l' of th e caution that the
stated performance specifications apply
only at 50 or 60 Hz. A deviation of 5
percent in frequency increases the dis
tortion to typically 5 percent, a 10
percent deviation to the 8- to 10
percent 1 vel. The electromechanical
regulator, on the other hand, is essen
tially unaffected by line-fr qu ncy
variations, even of the degree encoun
tered with portable generators.

Efficiency

Since a voltage regulator is often a
continuou -duty device, efficiency is an
important factor, both from the point of
view of thermal problems as ociated
with relay racks full of equipment and
from that of the increased physical size
and weight n ce ary to dissipate large
amounts of power. Small size and

5
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TABLE l.

Characteristics of Voltage Regulators

The table indicates the relative merits
of the electromechanical and magnetic
regulators.

Magnetic

c.

none

excellent
ex ellent
wide range

available
none added
highest

Electro
mechanical

none
low
low

RITO RA

excellent
excellent
wide range

available
moderate
moderate

to high

low to high
high
mod rate

A URACY
RESPON E PEED
kVA

Dr TORTIOI
EFFICIEN Y

EI- ITIVIT T
LII E FREQUEN Y high
E. - ITIVITY TO

POWER FA TOR
WEIGHT
o T/kVA

weight are, of course, al 0 important
for their own sake, especially whcle the
regulator is exp cted to ee pcrtable ur
field service. or a given power level,
the lectromechanical regulator is now
available at less than one third the
weight and at i nificantly lower cost
than comparable magnetic r gulators.

Summary

The following table summarizes the
important characteristics of the two
important cIa es of line-voltage regula
tor. A third type, the fully electronic
r gulator (0 cillator-power amplifier)
potentially ha the highe t performance
of all but at pre ent i not commercially
competitive with the other types.

A NEW l-kvA
LINE-VOLTAGE REGULATOR

Type 1591· A Automatic
Line-Voltage Regulator,
avalloble In portable
(top) and relay-rack

(bo"om) versions.

•

A new, greatly simplified control circuit
has allowed us to extend the advantages of
the electromechanical line-voltage regulator
to the low-power range. The l-kVA regula
tor described below (and shown on this
month's cover) is a small, lightweight, inex
pensive unit scaled to serve the average
bench or relay rack. •

In the preceding article, the electro
mechanical line-voltage regulator is
seen to have significant advantages over
the magnetic regulator, particularly
with resp ct to distortion (hence, ability
to maintain the peak and average,
along with the rm , levels of voltage)
efficiency, insen itivity to line-frequen
cy and power-factor variations, size and

6
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weight. For over a decade GR has of
fered 6-kVA and larger regulators with
the above advantag . However, all
attempts to offer lower-powered units
at commensurate price have been
frustrated by the fact that the manu
facturing co t of the control circuitry
was e sentially independent of the
power-handling rating of the regulator;
there wa thu no incentive for the
customer to buy or therefore for GR to
offer a low-power unit. evertheless,
the need for small r gulator has in
cr a ed with time, spurr d by the
relatively low power requirement of
solid- tate d signs and the increa d
use of group of instrum nt in relay
rack. On the performance side, we
have een increased d mands for higher
levels of accuracy in measurement
and control and for the highe t reliabil
ity con i t nt with r 11 onable co t. It i

urpri ing that in spite of the elem n
tary calculation involved, few realize
that a line-voltage change from - 10%
to + 10% of nominal repre ent nearly
a 50% increa e in power dis ipation - a
first-order eff ct on reliability.

THE GR TYPE 1591 SERIES OF REGULATORS

As a r ult of th developm nt of a
new, greatly simplified control circuit,
it is possibl for the first tim to produce
an inexpensive 1-kVA electrom chan
ical regul'ator. This new r gulator, the
portable ver ion of which weighs only
17 pounds and is priced under $300*, is
GR's TYPE 1591.

Four models are available to cover
115- and 230-volt service in both
portable and relay-rack packag s. The
only difference in ratings is that the
230-volt models are rated at O. kVA,
resulting from the 20% derating of
• Price applill8 in U.S.A. only.
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o ta Chitouras received
his B EE and M EE
degrees from Massachu
etts Institute of Tech

nology in 1955. After
service with the U.S.

rmy ignal Corps Engi
n ering Laboratories, he
joined General Radio in
1956. A d velopment
ngineer in GR's Indus

trial Group, he has
worked on stroboscop "
recorders, frequency me
ters, and vol tage regu
lators.

autotransformers in going from 115- to
230-volt operation. All models have
identical control circuit.

Operating Characteristics

Th 1591 will maintain the output
voltage at 115 volts (adjustable from
105 to 125 volts) with an accuracy of
±0.2 percent f r imultan ou input
line variations from 100 to 130 volts,
load variations from no load to full
load, power-factor variations from 1.0
to 0 leading or lagging, and line
frequ ncy variations of ± 10 percent.

orrection takes place wit~in 6 cycles
+ 1.5 cycle per volt.

Output voltag of the 230-volt units
is adj ustable from 210 to 250 volts and
input-line variations from 200 to 260
volts are correct d when the output
voltage i set to 230 volt. Correction
takes place within G cycle +0.7 cycle
per volt.

Figure 1 shows r ordings of the
output voltage of four different 1591's
under variou combinations of input
voltage and load.

Behind the recordings of Figure 1
lie an interesting story. Over a year
ago 100 models of the 1591 were con
structed. Of the many tests conducted,
perhaps the most important was a one-

7
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volt line was modulated at a 3.5·
hertz rate, subjecting motor-gear train,
Variac® autotran former and control
circuitry to well over a quarter of a
million oscillations per day, while oper
ating at nearly full load rating. s of
this writing, the lO-million-cycle mark
is at hand. There has been no lubrica
tion or adjustment (the only adjust
ment po ible - internal or external 
is the front-panel voltaO'e control). Two
of these four in truments, again ran
domly sleeted, were u d a two of the
instruments for the tests in Figure l.
The other two in truments w re new.
Can you tell the difference?

The two relay-rack versions of the
1591, in addition to meeting the u ual
GR instruments standards for humid
ity, storage and operating tempera
ture, etc, pas ed a test in which they
were vibrated from 10 to 55 Hz in one
minute w eps for 15 minutes in all
three planes and at a 3D-mil peak-to
peak amplitude. They also pa ed the
Air-Force bench-drop test and the
tandard 30-g, 11-ms hock test, having

been ubjected to this thr e time in
six different directions. These tests were
conduct d while the 1591's were both
operating and nonoperating.

The ability of the el ctromechanical
regulator in gen ral and the 1591 speci
fically to track the average and peak
value while actually detecting the rm
value is illustrated in Figure 2a. (The
resolution of all three voltmeters was
0.1 percent; the band therefore indi
cate the minimum detectable limit or
re olution.) As a comparison, similar
plots of two of the be t currently avail
able magnetic regulators are shown in
Figure 2b and 2c. Figure 2d, 2e, and 2
how the corre ponding output wave

shapes of the e regulators.

o

o

+0.>:-/---1---+--+--

•

lI~Y 100Y 1001/ 130V 13011 II'"
NL NL fL Fl NL NL

Figure 1. Recordings showing the performance of
four different 1591 regulators under changing line
and full-load ond no-load conditions. Two of the
regulators (top and boHom) were new; the other
two had been put through a one-year round-

the-clock life test. •

+0.' +--f---I-...,...-+--+--.,.-1~.......,h

+o.zrl--- ~~+-_I_--+-_r-_-+_

,o.•r+--+--+--+--+---j~.....,f-

year round-the-clock life te t of 40 of
these units. There were no failures.
From this group of 40, four unit were
randomly selected and put through an
accelerated life test, in which the 115-

8



October 1967

AV'i.;;ao
~ PEAK"

lie
117

S~~:
o>, ..
~ II)

CL 112
~

:::JIllo
"0

~oo

a
'0$ 110 11~ 120

INPUT VOLTS
130

d

•
,:10,2$110 II~ 120

INPUT VOLTS
,0$

AVO...

OMY'

.. PEAK ;;;

f=

b

lIe
117

., 116g1I!5

> '14

5 ".CL lit
~

~ IIIo
"0

~oo

~. :::::....";1 AVO'

".
,,7

e 116
c; liS
>

'145 113..
.... lIZ
:>
o III

"0
lOt

'00

c
110 liS 120

INPUT VOLTS
,2$ 130

f

Figure 2. Curves showing the ability (a) of the 1591 and (b, c) of two new magnetic
regulators to track peak ond average voltoge as well as rms. Distorfion Introduced
by the three regulators is seen in the corresponding waveforms at the right (d, e, f).

7.8 8.,7

1.' IJ

3.2 4.2 !U
LOAD CURRENT

)..2 U 5,,3
LOAD CURRENT

1.1 2..1

1.1 2.1

~

~
I I I

~
..

~~

II.
117

~ II •
..J ll~

~ 114

... ILl
:>
.. liZ
l-
~ III
0110

'00 0

a
lie
lI7

., 116

~ 115

1l"4
~ 113
~ 1t2

5 111
110

'00o

b
lIe ,--..----,-----r--,------.---,---,--,
1I71---l---l--+--+--f---"

~1101--+--

~'"
I- 114

l-'12:>

o III~=t=t=±=j:=j===t=j=j1I0~IOOL_-L_-L_--L_--L_--l__--L_--.J~____1

o I.l 2.1 12 4,2 53 1.1 7.1 8.7

C LOAD CURItE NT u....

Figure 3. Curves showing the effects of load
current changes on output voltage for (a) the

1591 and (b, c) two magnetic regulators.

Figures 3a, 3b, and 3c compare the
peak, rms, and average output levels
for these three regulator with constant
input voltage but varying load current.
Varying load current introduces distor
tion in the magnetic regulators but not
in the 1591's. As suggested in the
preceding article, there are few in
stances in which a 1-kVA load, whether
it consists of one or many instruments,
requires regulation of rros voltage level
to within ±O.l percent and yet can
tolerate up to 1- or 3-percent level
changes in average and peak voltage.

Speed of Response

The speed with which the 1591 cor
rects large voltage transients is shown
in Figure 4a, an oscilloscope recording
of the positive peaks of the output
voltage (rros readings at the e correction

9



fI
the~Experirnenter

IS91·1

Figure 5. Oscillograms showing the performance
of a 1591 (a, c, e) and of a magnetic regulator
(b, d, f) in the face of changing load conditions.
In a and b, load current was changed from 5 to 6
amperes. In c and d, half the load current was
removed. In e and f, a 600-woH incandescent
light was conneded. Note that the magnetic regu
lator's protedive circuit was triggered by the
starting surge of the 600-waH load, even though

the regulator was rated at 1 kVA.

the two
be com-

of
to

characteristic
are now seen

r ponse
regulator
parable.
load Effects

The extrem ly table characteristics
of the 1591 under varying load condi
tion are illustrated in Figure 5.

IS91..

Figure 4. In a and b, we see the response of the
1591 and of a magnetic regulator, respedively, to
a 10-V transient. The magnetic regulator correds
faster, but overshoot appears excessive. The
response charaderistics of the s"me regulators to
a 2-V transient (c and d) show Iitlle difference.

rates are virtually impo ible to obtain).
ote that it take approximately 10

cycle for the voltage to reach nominal
level, followed by a mall overcorrec
tion. This' equivalent to a corr ction
speed of 60 volts p r second. The correc
tion rate pecified for the 1591' take
into account wor t-ca e condition, uch
a output voltage et to lower limit, etc.

igure 4b show the same t t made
on a rna netic re ulator. II re we see
the forte of the magnetic regulator
a high correction rate for large input
line transient .

or the maller input-line tran ients
more commonly encountered, the re
sult are often different, a hown in
Figures 4c and 4d. In this case, the
input voltage changed by 2 volts; the

10
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Figure 6. Elementary schematic diagram of the Type 1591 Automatic Line-Voltage

Regulotor.

Figure 5a how the output voltage
change when the load current on the
1591 is changed by 1 ampere. Figure 5b
illu trat a magnetic regulator' per
formance under he same t t. ote
that the input line voltage wa held
con tanto Figures 5c and 5d show the
output-voltage variation for the 1591
and for the magnetic r ulator r p c
tively, when one half of the maximum
load current i removed, imulating the
turning off of ome of the in trument
powered by one regulator. Figure 5e
and 5f illu trate the performance when
a 600-watt incande cent load wa ap
plied to both regulator. The prot ctive
circuit of the magnetic regulator re
duced the output voltage to ome low
value for approximately one half a
second before turning on again. 1000
watt incande cent load could not con
sistently be turned on with tbi r gula
tor, blowing a fuse approximately every
tbird attempt. A 1591 was te ted u ing
a 1300-watt lamp load with an on-off
cycle of 5 econd. The te t wa con
cluded many cycle later, with not a
single interruption of service.

Warmup Drift and Temperature

Coefficient

The warmup drift of the 1591, in
pite of the fact that it u e a thermal

device as a reference, i negligible 
typically Ie than 0.2 percent from a
cold start, with 0.1 percent occurring in
the first 5 to 10 minut .

The temperature coefficient of the
in trument i specified at less than
0.01%;aC and i typically 50 ppm;aC.
How It Works

Figure 6 i an el mentary diagram of
the 1591 volta r gulator. To convert
the unregulated line voltag to a regu
lated output, the bigh side of the input
line i connected to the brush in the
Variac autotran former. By precise
control of the brush position on the
winding, the volt -per-turn and conse
quently the output voltage are held
constant. Figure 1 has indicated that
the resolution of the 1591 is often
within a f w hundredth of a percent,
and yet the Variac ha an apparent
re olution of three quarters of a volt per
turn. The brush of a Variac acts as a
fine voltage divider, capable of sub-

11



the xperirnenter

12

--t-- 0.005 "PPROXIlUTE
CLE All AJ«:E

0151(-

~t--

"OTDR

OUTER INNER
....GNET ....GNEr

......
Figure 7. Cross-seelion view of

the eddy-current brake.

dividing the voltage of two adjacent
turns of wire by a significant factor.

In thi regulator, the Variac brush
is driven by a ervo motor through a
90:1 gear train. (Thi motor i the ame
as that u ed on the GR 1571 militarized
voltage regulator.) To tabilize the
servo system, some damping must be
introduced. This function is erved in
the 1591 by an eddy-current brake.

The eddy-current brake (Figure 7)
con ists of a high-condu tance alumi
num di k and two magnets. The di k i
attached to the motor rotor and re
volv betwe n the magn ts. t slow
motor peds (minor voltage correc
tions), no significant hold-back torque
is generated by the brake, and full
torque is available for brush po ition.
ing. When larger correction (faster
motor sp ed) are required, the brake
generates considerable hold-back
torque. This torque, which i propor
tional to velocity, provid the damping
nece ary to stabilize the system.

The servo motor i driven by a con
trol circuit onsisting of a bridge detec
tor (R1 through R4), a differential
amplifier (Q1-Q2), and an CR oU pu
stage (Q3-Q4); a total of two tran i tors
and two R's form the total active
component complement of this instru
ment. In spite of th implicity of this
circuit, there i no detectable change in
the performance of the 1591 even with

a 5-to-1 change in transistor {3 and a
simultaneou 500-to-1 change in sen
sitivity of the R'. In fact, the
circuit will tolerate component varia
tions con iderably in excess of their
specifications for all components but
the bridge re i tor and lamp.

The relative immunity of regulator
performance to component character
istic derives from the unique character
i tic of he output ignal from a lamp
bridge. Lamp bridge have, of course,
been u ed in regulator control circuits
before; here, however, u e i made for
the fir t time of the two additional zero
cro ing re ulting from the various
frequ ncy compon nts generated in a
lamp circuit. The e components - the
50-Hz brid voltage, a 900 out-of
phase component, and a third-harmonic
component of th line frequency
combine to produce a waveform similar
to that hown in Figure a. This signal,
after amplification, appear a Figure

b. ote hat the position of the zero
cro sing are independ nt of amplifier
gain. The amplifi d ignal trigg rs the
two CR's, whose output waveform is
hown in Figure c. ote that, while

the pow r applied to th motor remain
constant, the dir ction of rotation and
torque are functions only of th phase
of the control voltag . The phase is in
turn a function of the position of the
zero cro ing. At unbalance, the 50-Hz
correction signal from the bridge serves
to move the zero rossing over a range
of about 1 00 for a 1% change in
applied bridge voltage. The result is
proportional control of torque, inde
pendent of amplifi l' gain and of charac
teristics of all omponents except the
lamp and the bridge re i tor .

The power-supply voltages are de
rived from full-wave rectification of the
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C. CHITOURAS

for incande cent lamps. To test long
term stability, one of th e lamp was
u ed as the reference in a dc power
supply who e output wa compared
against a standard cell. The total drift
in resistance of the lamp wa Ie s than
400 ppm over a three-year period, or
an average drift of less than 72 ppm
per day.

While it is too costly to measure
and guarantee the long-term stability
of the 1591's output voltage, our
experience indicate that, after a few
months of u e, the drift of the typical
1591 will be unmeasurable with the
usual laboratory ac voltmeter .

ac voltage at the output of the auto
tran former, r ferenced to it center
tap. The Variac is used "backwards"
(input line on the bru h, output on the
tap), eliminating the need for an addi
tional power transformer for the am
plifier.

The u e of a pulsating, rather than
a filtered, dc supply for the CR's is
required to achieve maximum torque in
the motor at the rated temperature rise.
(Remember that only the line-fre
quency component in the motor
produces torque; the other components
resulting from u ing filtered dc would
be dissipated as heat.)

By isolating the control winding from
the CR commutating capacitor by
means of rectifier CR1 and CR2 (see
Figure 6), we ensure that there is
alway available acro s the capacitor
enough voltage (e ntially the peak
value of supply voltage) to turn off an

R, independently of the effects of
the inductive servo motor. This tech
nique allow us to enjoy both the
efficiency of u ing pul ating dc for the
motor and the reliability of u ing
filtered dc for commutation.

The lamp

The lamp u d in the 1591 i a GR
proprietary design. It exhibits remark
able short- and long-term stability
characteri tics, brought about by close
control of the metallurgical and truc
tural design of the filament and its
environment. Its ruggedne is attested
by the aforementioned environmental
te ts that the 1591 has pas ed. The
lamp has a typical temperature coeffi
cient of 20 ppm;oC. It is designed to
have a "lifetime" of a few centuries,
ba ed on the 10% filament vaporation
point a standard end-of-life rating

13
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SPECIFICATIONS

115-V Models 23D-l'Models

Output kVA 1.0 O.
Output Current .7 A 3.4 A
Input-Voltage

Range 100 to 130 200 to 260
Output- Voltage

Range (adjustable) 105 to 125 210 to 250
Correclion Range ± 15 ± 30
Frequency 60Hz±1O% -1 to 63 Hz

Correcllon Time (cycles): 6 c + 1.5 c/ for 115
models, 6 c + 0.7 c/V for 230-V models.
Output-Voltage Accuracy: ± 0.2 cc for an . com
bination of lin voltage or frequ ney, load, or
power factor.
Temperature Coefficient: <0.01 ~rC.
Power Faclor: 0 to 1, leading or lagging.
Response: Rm .
Distortion: Non add d.

Efficiency: 95C{; at full load.
No-Load Power: Approx 45 \'i'.

ENVIRONMENT

Ambient Temperalure (operating): -20 t{) +52°C,
rack mod 1; -20 to +JO" ,portable model.
Vibration: Rack model, 30 mil pk-pk at 10 to
55 Hz, three plane, 15 min each plane.
Shock (rack model, op r, ring and nonoperat
ing): AF bench-drop te t; 30 g for 11 ms.

GENERAL

Accessories Supplied: :pare fu e .
Dimensions (width X height x d pth): Portable,
123

01 X 9 1 2 X 5% in. (:32- X 245 X 140 mm);
rack, 19 X 5 14 X 6 3 in. (4 5 X 135 X
165 mm).
Net Weight: Portable, 17 lb ( kg); rack, 22 Ib
(10 kg).
Shipping Weight: Portable, 25lb (11.5 kg); rack,
31lb (14.5 kg).

Catalog
umber Description

Price
in USA*

Variac Automatic Voltage Regulator
1591-9700 1591-A, 115 V, Portable
1591-9701 1591-AH, 230 V, Portable
1591-9712 lS91-AR, I1S V, Rock
1591-9713 1591-AHR, 230 V, Rack

• Quantity discount. available on requ t.

$295.00
320.00
325.00
350.00

A NEW

THREE-PHASE

REGULATOR

With lh introduction of the TYPE
1591 utomatic Line-Voltage Regula
tor (ee preceding articl), GR an
supply r gulat r~ rated from 1 kV
(1591) through 20 kV (1571, 15 1,
15 21). The e in lrument are de igned
primarily to regulate single-pha e line .
Obviou ly, three ingle-pha e regulators
Ie. E. Miller. "A New rica of Hil(b-P rformaneo Line
Voltage Regulators," GmtTal Radio EzperimenJer, January
11l66.

14

can be conn ct d in a wye r clo d-delta
configuration for use in three-phase
sy terns, and u h ombinations have
be n u ed often, with excellent results.
In many in tallation, however, line
voltage and loads are sufficiently well
balanced that th u e of three eparate
regulator i mor a luxury than a
nece ity. In such ca es, a single control
circuit and a single motor could drive



October 1967

8

:....:...------ A

B

C<-------.,A

B

c

c .- b;--~---- A
,").1

Figure 1. Vector diograms
of lIeft to right) wye,
closed-delta, and open
delta connections. In the
o pen- delta configuration,
restoring voltages Aa and
Bb to AB and BC automati
cally restores Ab' to AC.

an appropriate number of autotrans
formers. (The autotransformer and a
buck-boost transformer are the power
handling lem nt of a high-p wered
electrome hanical regulator.) The re
quired number of power-handling
components i three ets for a wye
connected or clo ed-d lta hree-pha e
system but nly two et from an open
delta system.
The Open Delta

i igur 1 explain vectorially the
principle of wye and delta conn ction
for a thr e-pha line. In th wye
onnection of Figure la, vectors NA,
B, and repre ent the line-to-

neutral voltag of a tbree-pha wye
sy t m, and ve tor AB, B and A
indicate the line-to-line voltages. As
sume now that the line-to-neutral
voltages drop in ampli ude to values
indicated by a, b, and c. It is
clear that restoring a and Nc to A
and i uffici nt to corr ct th e two
line-to-neutral voltage along with the
line-to-lin voltage ; voltage AB
and B will not b re tored, how ver,
until b i 0.1 0 orrected to the value

B. Thus all three wlo-to-neutral

voltages of a wy ystem must be
adju ted in order for a wye system to
be regulated.

Figure 1b r pr nt the line-to-line
voUag of a three-pha e clo ed-delta
y tem, in which all thr line-to-line

voltages (AB, B ,and ) are epa
rat ly corr cted. If we choo e not to
regulate one of the phase and to
allow that line-to-line voltage to be
determined by the amplitud of the
other two phase, we have the open
delta sy tern hown in figure 1c. If
th nominal voltage are represented
by AB, B ,and (by vectorial ubtrac
tion) A, and if th e voltag s drop to
Aa, Bb (which equal ab/), and b'A,
it is apparent that if we restore Aa to

Band Bb to B ,b' will incr a to
th proper value for A. ( ote that
each of the two r gulated phases
contribute equally to the corr ction.)
Thus only two ets of power-handling
component are n d d to regulate all
pha of a till: e-phase open-delta
system.
The 1583 Regulator

The principl f operation of the
1583 three-phase regulator are similar

A
2 , 2'

I

INPuT LINES I ~ OUTPUT LINES
I CONTROL-I i UNIT I'

I

"3 I
I
I

~

I

uo·'

Figure 2. Elementary
1583 Three-Phase Line
Voltage Regulator. <1>1
and <1>2 voltages ore
controlled directly by
the twa sets of power
handling components,
and </13 is automatically
corrected as a result.

15
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to those of the single-pha e 1581,
except for the two sets of power-han
dling components in the former. Figure
2 is an elementary diagram. In it,
two phas s (1/>1 and 1/>2) are controlled
directly by the servo ystem, and 1/>3
is controll d indirectly. A deviation in
the 1/>1 output voltage activates a
servo feedback loop, consisting of a

control unit, a two-phase motor, two
Variac ® autotran formers, and two
buck-boo t transformers. The deviation
in the 1/>1 voltage i thu translated into
equal corrections applied to 1/>2 and 1/>3.
For a detailed description of the control
unit and the motor and transformer
circuits, the reader is referred to the
January 1966 Experimenter.

SPECIFICATIONS

Type 1583-H5 1583-H 1583-H2 1583-lJ 1583-l2J

Input 230 V (line-to-line), 60 Hz 115 V lIine-to-line), 400 Hz
Output 230 V adjustable ± 10% 115 V adjustable ± 10%

Corredion Ronge· (%) 95 to 105 90 to 110 82 to 124 90 to 110 82 to 124
line Curren' (A) 34.0 17.0 8.5 42.5 21.2
lood kVA 13.7 6.8 3.4 8.5 4.2
Corredlon Time,

In cycles (c) 2.5c + 3.0c/V 2.5c + 1.5c/V 2.5c + 0.7c/V 18c + 20c/V 18c + 10c/V
Accurocy (% of oU'put V) 0.25 0.25 0.5 0.25 0.5
Price (depend. on $620.00 to $655.00 $655.00 to $690.00

mounting)
• Ranges listed are for 57- to 63-eycle operation; for 48- to 63-cycle operation. corresponding correction ranges are

95 to 105%. 91 to 109%, and 84 to 119%.

Frequency: 60-Hz models operate from 57 to 63
Hz, and can be modified by a connection
change for 4 to 63 Hz; 400-Hz models opcrate
from 350 to 450 Hz.

Response: Rms. Distortion : None added.

Efficiency: > 9 %at full load.

No-load Power: 45 W.

Ambien' Temperature: Operating, -20°0 to
+52°0; storage, -54°0 to + 5°0.

Dimensions (width X height X dcpth): n
cased, 19 X 7 X 14~ in. (4 5 X 180 X 375
mm); ben·ch, 19 X 7% X 16 in. (485 X 190
X 410mm);rack, 19 X 7 X 15 in. (4 5 X 10
X 385 mm); wall, 1 ~ X Ys X 16 in. (495
X 210 X 410 mm).
Weight: Uncas d, net 54 Ib (24.5 kg), shipping
104 lb (47.5 kg); bench, net 64 Ib (29 kg),
shipping 1141b (52 kg); rack, net 64 lb (29 kg),
shipping 114 lb (52 kg); wall, net 70 lb (32
kg), shipping 120 lb (54.5 kg).
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Figure 1. Type 1191 20-MH% Counter, front and rear panel views.

A
PROGRAMMABLE

20-MHz
COUNTER-TIMER

USING
INTEGRATED

CIRCUITS

The instrument shown on our cover is
an eight-digit, programmable, 20-MHz
counter capable of measuring frequency,
period, frequency ratio, and time interval.
It is available with a choice of time bases
and optional electrical data output. One
of its most outstanding specifications is
its price, which serves as evidence that,
in at least some areas, technological prog
ress can outrun inflation.

•lectronic in trument ,a everyone
knm s, have been g tting malleI' and
smaller - in term of ignal-proces ing
capability p r unit volume - ince the
development of the transistor. Perhaps
Ie wid ly appreciated is the fact that
price have al 0 been hrinking. ow,
with the arrival of integrated circuits,
we are witnes ing orne truly remark
able reductions in instrument costs.

3
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Nowhere is this happy trend more
visible than in the area of frequency
counters. Only seven years ago, for
example, a yacuum-tube 10-MHz
counter with period and time-interval
capability wa priced in the 2500-
3000 range. The transistor brought

counter size down to the point where it
was hardly a factor, but prices de
crea ed only slightly. Integrated cir
cuits, however, have mad po ible
substantial saving, and General Radio
has been able to take advantage of
IC' to offer both advanced perform
ance and rock-bottom price, specifically
in a programmable 20-MHz, eight-digit
counter-timer at less than .1500.*

It is easy enough to credit the avail
ability of IC's for the new counter's
wide price and performance margins
over vacuum-tube and tran i tor
• Price applies in SA only.

The 1191 counter on this month's
cover signals the debut of GR's new
"light-look" instruments. The attradive
new styling underscores several im
portant design improvements that mean
added convenience and longer instru
ment life.

Panels are now coated with a baked
epoxy finish, for long wear and re
sistance to scratches.

All relay-rack units have handles for
easy installation and removal from
racks. The handles are at the ends, out
of the way of controls and switches.

The new panel color conforms with
Federal Standard 595 (gray, 26492),
ensuring good match with companion
•Instruments.

Removable dress panels on many

counters, but we must look further to
find out why thi counter alone among
IC counters offers 0 much performance
at such low cost. The answer lie in the
way IC' have been applied. Just as
ome counters on the market in the

early 'GO's were "tran i torizations"
of exi ting vacuum-tube de ign , some
of today's counters al' "integration "
of "tran i torizations." :Not so GR's
new IC ounter (TYPE 1191), which,
in a fir t step toward large- cale integra
tion, combines as many as four flip-flop
and their various buffering and gating
stages in a single package.

The int grated circuit shaped the
de ign philosophy b hind the 1191. In
pre-I design, for xample, one could
save money by using slow circuit in
noncritical areas. With I 's, xtra
peed is often available at no cost

premium; there may even be savings

rack-mountable instruments facilitate in
stallation of special-color panels for
systems requirements.

New glass-fiber-reinforced knobs give
solid protedion against cracking and
chipping. They also snap on and off
without setscrew manipulation and give
complete protection against hot shafts.

New binding posts are 12-pointed
(double hex) for better finger grip.
Standard %-inch socket wrenches can
be used to make permanent, tight can
nedions.

Panel markings are silk-screened with
epoxy for excellent legibility and baked
for extra abrasion resistance and per
manence.

We hope you like the new "light
look."



resulting from the u e of many identical
fa t circuit, and fa t circuit can mean
more efficient program for th \'ariou
mea ur ment function, In th 11 1,
for exam pI ,th minimum di play tim
i not in the 10 or 100' of milli-
econd , a, with mo·t other c unter~

but 100 micro. econd:. The propagation
time throui!;h th ei hi id ntical decade
counting unit of th II!) I i. only about
0.2 !J." and i take only abou 0.:3 p.' to
tnll1 f l' data into toraO'e. Thll: th
I Jglean make a tim -inten'al mea. urc
ment and in only 0..5!J.. he l' ady for he
next mea ur ment. Oth l' count rs-
"en I de ign - typically l' quirc at

I a t 50 milli cond.
Today' counter ar increa ingl

called upon to operat a. component in
automatic y tem , reo p ndin cr t C'lcc
trical eon trol and pre.~ n tin T I <'trieul
output for U. e with comput 1'" print
er recorder, etc. In th 11 I, pI' per
application of int gmt d circuit.: . im
plifies remote programming to the
poin where it doe not add 'ignifieantly
to e t. .\.t th rclati\'el" ,mall co~t of a

•

control input, ocket and it. wirinf!;. one
can completely a\"oid the n ed to. hicld
and "hol-. witch fa~t, I ut -typ lec
tri 'al ,ii!;naL. In t h 1191, t he only
ho witehing i the choie of ac or de
coupling, th choic of "'hether the t\\'o
inpu channels ar connected in com
mon or eparat Jr, and th 'ignal
attenuat ion. All other fundi on. and
ran'e arC' i'm'itched I y contact cloi'ure.,
dc \"01 tage. , or R circuit.

The greate·t 'a\"ing ari::;e from the
~implici ' of th mea,'ur m nt pro
grams achie\' d \\'ithollt aerifit of
u er cOl1\'enicncc or nrsatilitr of oper
ation. , \\'itchin cr from on mea, UrE'ment
function to another, for exampl in
yolv only the re tructuring of a

November-December 1967

y tern compri ing two flip-flop and
\\'0 aate'.

THE COUNTER
The I!) II i a general-purpo e 20

:\IJIz counter-timer for mea uring fre
quency, period (~ingl or multiple),
frequenty ratio and time inten'aJ.
.\11 m a 'ur ment function range. and
mo t of the econdary control' are
proO'rammabl . Th C'Olll1ter fun ·tion
are dc-controll d, mo t b imple con-
tad closures to ground.

It i. importan to not that the 1191
i· capable of tru tim -inten'al mea 
llrementf', \\"ith full input til' uit· for
hoth its tart and 'top iO'nals. It
i. not a counter tha can b cOJ1\'erted
into a brute-fore timer by injection of
. tar and, top pulse' into the main gate.

R adout i eicTht digit of high
intensity neon illdic'ator, with auto
matic display of d 'cimal point and of
mea, ur m lit units. Internal t rage
gi\'e' continuou di. pIa of rapidly
c11an rril1 a data without flicker. The
operator ha. front-panel control of all
input trigger-cire'uit chara' ri. tic..

The counter i a \'ailab)e wi h either
of t\\"o tim baH'S. The Ie -expen i"e
room-temp rature- rystal 0 cillator ha
a ha,jc stability peciftcation of Ie
than o.~ ppm 0 fr m 0 to ,-00 and
a drift of le~ .. than 2 ppm pel' month.
Tho::;e who requir great r. tability may
cithC'r phase-lock thi 0 cilia tor to an
C'xtC'rnal ~tandard or purchas th
counter eq uipped with a high-preti ion
o~cillator op ra ing in a proportional
control on'n. TIl(' ~Iability pecification
for this oS('illator i. I .. than 2 part in
1010 0(' from 0 to ,jO° , in con tinuou
operation, and drift j- Ie than 1 part
pel' 109 pel' day.

Another important option i th I c
trical data output, a fully buffered

5
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Figure 2. Top interior view.

I

6

1-2-4- BCD output available at th
l' ar p. nel of th counter. In addition
to the measur d data, the output con
n ctor carrie m nitorinO" data on the
main gat and a print-command pul.e.

One of th major featur " of the
ounter i it 'jam tran.f 1''' :ystem

for holding th displn.y(·d or lertri 'al
data until the measur d data changc.*
In torage-type count I' without jam
tran fer all regi tel' mom ntarily
witch off and on be ween measur

ment', even where the count in only on
of the rcgi:ters actually chang c. Ad
vuntages of jam tran fer are J ss 1'£ noi. e
from the counter due to readout tub
switching and I .. noi.e in the electrical
output data.

The. implicity of the counter\; d sign
i immediately apparent in an interior
"iew (Figure 2). All circuits except th

*v Patent 3.32 ,564.

indicator dri\'eJ" and the indicator ar
on plug-in board. I a.'il removabl for
repair 01' replac m nL A ock t f I' an
extm card is included for . pecialized
o'yst( Ins l' quin'm nt:..\Iso u, efuJ in
tiy t ms applicati ns arc the l' ar-pan I
connector' for .\ and n eluulncl input,
programming input, data-output plug
external-time-bas input and the 10
~IHz tim -ha, output.

HOW IT WORKS

The implicity f the coun er" d sign
i. apparent in the following brief
description of th circuit program.

Count Progrom

The simpl st of the program. i the
COl'XTTX<1 mode (Ficrur :3), ~Ianllally

op rated 01' electrically programmed
switches set a control flip-flop (1'1"1).
'Yhen FFl is in the :tat th
input gat pass pulse. generated from
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INPUT
:::: G1

COO TI G STORAGE READOUT
REGISTER

FFI :
L_ CD-

0 0

DC STORAGE
DISABLE COMMAND

STARTr; ~STOP Figure 3. Count program. 1"1.1

th A inpu i nal to th countin
regi tel'. When a. "top command r 
set. the cont.r I flip-flop t.o th tat,
the t tal numb r of pU!'e' a cumu!a ed
in th coun ing I' gi t I' i· di pia d.
In t.h counting m de th orag unit
are u d a amplifi l' .

Frequency Program

For the fr qu n y pro ram, an addi
tional eight-d cad count.ing r i t r,
all d the timin re i tel' and a cry tal

o cillator tim ba e ar add d to the
c mponent. u d for th ounting
m d (Figur 4). The function of t.he
additional circui i to op n the count
ina gat for a. pI' ci len th of tim .
If, for exam pi , the coun ing at i
op n d for xa t!y on cond, the
number of pul' accumulated in the

counting regi I. I' will be the av rage
number of 'ycl in one cond of the
A ignal or th A ignal frequ ncy in
h rtz. The time interval i tabli hed
by th timing regi tel', which ount
up 0 108 Z I' cro in of the cry tal
o. cilia or (whi h may, in turn, be
pha' -locked to an xternal tandard).

The clo ur of the main ga (1)
g n ra command that move the
cont nt of th counting I' gi tel' into
torage clearing 1'1'2 and clo ing O2,

and after a di 'play hold-ofT interval
that can be a hort a 10 mi 1'0

econd , F1'2 i re et and the timing
equ nee i I' peated.

Frequency-Ratio Program

The fr qu ncy-ratio program i imi
lar to the frequency program, the only

A INPUT G, COU TlNG STORAGE READOUT
REGISTER

0
iFFI L_- DISPLAY CO

0 0 HOLDOff
100/<.-10,

V
TI MI G

REGISTER

Gz FF2
-

0 0

Figure 4. Frequency program.

XTAL
OSCILLATOR

Iltl.'

7
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A

B

INPUT ::fG, COUNTI G STORAGE READOUT
REGISTER

0 IFFI L_DISPLAY .. BCD
0 0 HOLDOFf

1001"-10'

V
~TIMING

REGISTER

Figure 5. Frequency-ratio pro

Gz FF2

INPUT -0 0

1191.1

gram

differen e being that the B channel
input i· ub tituted for h crystal
o cillator (Figure 5). Th a cumulated
count i thu the number of ycle of
the A ignal during a tim interval
e tabli hed by the B ignal period.

One very u eful application for thi
program i the u e of long rae inter
val than an be obtained wi h the
internal cry tal 0 cillator. If for ex
ample, a 1-l\IHz tandard frequency i
available, a 100- 'ond gate will be

tabli hed 'Yith the 10 range- witch
tting in the ratio program. imilarly,

a 1000- cond gate can be e tabli hed
with a 100-kHz tandard frequency.

Multiple-Period Program

een in 'igure 6, the multipl 
period program u e he same ircuit
a the frequency ratio program, re-
tructured 0 hat the ime-ba e ignal

i f d through th input gate to the
counting regi ter and the A input is
appli d to the iming r gi ter. The
clock interval fed to the timin a r gi ter
i one period of he ignal to be mea 
ured, and the counted ignal i the
100-nano econd p riod of the 10<\IHz
time ba e. Dep nding on he po i ion
of the range wit h, from one to 108

period of the unknown are mea ured
in term of the time ba e.

8

XTAL G, COUNTING
STORAGE READOUTOSCILLATOR REGISTER

0
1FFI

DlSPLAY L_ CD
0 0 HOLDOFF

1001'~'

TIMING
REGISTER

Figure 6. Multiple-period prog

Gz FF2
A INPUT -

0 0

"' •..1

ram.



Richard W. Frank,
Leader of GR's Fre
quency and Time Group,
received hi Band M
degree in electrical cn
gineering from the :Mas
sachu tts Institute of
Technology in 1950 and
l!l5l. He joined GR in
1951 as a development
engineer and was ap
pointed Group Leader in
1957.

With the eight-digit counting regi t r
and the 10-:\IHz time ba e, ingl
p riod of ignals as low in frequency
as 0.1 Hz can be measured in the multi
ple-period mode. For p riod of lower
frequency ignals, a 1m\' r-fr qu ncy
time ba e mu t be counted. e of th
time-interval mode i then indicated.

Time-Interval and Single-Period Program

Figure 7 how the re tructuring of
the circuit for h tim -iut rval mea 
urement. The A-chann I input circuits
are u d to g nerate a pulse that open'
G1 to tart th counting of the time-bu e
ignal. The B channel i u ed to produce

a top pul e. lock frequenci a low

Novembe~December1967

a 0.1 Hz can be produced by the timing
regi ter, for u maximum mea umble
time interval of 109 cond (a little
over three years). When both A and B

inputs are pre ent, the r gi t r indicate
the time b -tween A and D. If th r i no
input to channel B, a single-p riod
mea urement of the A-channel input is
made.

The tim -interval mode can be u ed
for pul e-duration mea urements. For
xample, in th m a urement of the

duration of a po itive pul , he A-input
control' are et to tart the counter on
the po itiv -going slope and the B

input circuit to produce the top pul
on the negative-going slop. Maximum
r olution for uch m a ur ment i 100
nano, econd .

PROGRAMMABILITY

Almo t all the counter' function
are programmable imply by . witch
clo ure to ground. The u er choo e
tho e function he wi 'he to program
by eUing the corre ponding front panel
witche. to the J<,XT PROG po itiol1. The

extent to which the vuriou control
are programmabl i indicated by the

I XTAL
OSCILLATOR

~ TIMING G1
COUNTING STORAGE READOUT·1 REGISTER REGISTER

0
IFFI

DISPLAY L_ .BCD
0 0 HOLDOFF

100/,-' -10,

/

INPUT TRIGGERA
~NERATOR

B INPUT TRIGGER Figure 7. Single-period and

GENERATOR time-interval program.

FF2

0 0

1.. 1.:.

I
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following table. Tote that only a few
secondary control are not pro ram
mable, and \' n thi limitation can be
remov d in certain ca on pecial
order.

R. W. FRANK

caler," Ge-mral

-R \ . FRAXK

• Price applies in ..-\ only.
10. . ixon. Jr.• "IOO·~le Deead
Undio l:.'zpv1'merder, ptem\)er 19 5.

ou put for u e wi h auxiliary equip
ment. Th includ a carry pul from
the highe t dade, an end-of-di play
pul e and a p.int-command pul e.

ACKNOWLEDGMENT

Thi' de ign project, extending over the la t
10 months, was dir cLed by the author, uch an
accel rated developm nt program I' qllired the
cooperation of too many people, both within
and out ide th Engin ring Department, to
make an individual listing of contributor
practical: how vel', particular m mion of the
contribution of Brian argent" in order,
Brian contribu ted to the electrical d sign and
en rgetically followed th many d tail nece
'ary for lh 'mooth entry of thi in trumcnt
into production.

ABOVE 20 MHz

The 1191 i a ily adapted for u e at
frequencie 0100 :\IHz by the addition
of the Typ 1156 Decad caler,l The
re ultinO' combination i a vel' atile,
pro rammabl 1 0-. [Hz fr quen y
ill a uring y tern priced in the 2000*
area.

witch clo ur to ground

witch c10ure to ground

witch clo me to ground

witch clo 'ure to rO\lnd

witch clo me to ground

not programmable

not programmabl

not programmabl

Dc voltage at de ired level

,'1elhod of Programming

R circuit to ground

Furu:lion

:'I1E.\ URE.\IE.·T

mode
RA",- 'GE switch

Trigger-polarity
control'

THR HOLD
control-

D! PLA Y Tl:\IE
control

TART TOP
controls

HE ET button

Attenuator controls

A -D coupling
witch

EPAR.\TE
vv:'l11\fO.· 'witch

Programming connection are mad
through a multiterminal nn ctor on
the rear panel of the ounter. I 0

available a thi c nn ctor are everal

SPECIFICATIONS

MEASUREMENT RANGES AND ACCURACY

frequency: Dc to 20 :'11Hz; 1-1-'8 to to- counting
gate times. Accuracy, 1 count ± tim -ba e
ac uracy.
Single Period: I to 109 measured bycountingO.I
/lSto 10- interval deriv d frominternalIO-.\fHz
clock. Ac urn y ( e note) i dependent on the
signal-to-noi e ratio of the input ignal, the
counter input noise, and th ± I-count rror.
Multiple Period: 1 to 10 period m 't 'ured by
counting internal 10-.\IHz 10 ·k. Accuracy,
see not.

NOTE - Trigger error in tim ill -ure
ment~: ±O.3l'( of one period -;- num
b I' of periods averaged, for a ·lO-dB
input ~igl11ll-to-noi.'e ratio, Thi' as
~umes no nois internal to the counter.
For input ignal of extr mely high
;;igllal-to-noi:>e ratio, th trigg I' error
in p' will be <0.0005 -;- the -i nal
slope in , /p .

•

Time Interval: 0.1 p. 010' measured by count
ing 0.1-p. to 10- interval d rived from internal
10-.\IHz clock. Accuracy ( ee not ), ± 1 clock
puJ e ± trigger error ± time-base tability.
Interval i· measured betlY n "tart" and
"top" pul dri\'ing the inpu channel
independently, or from a ingle ignal with
common connection between channel, a for
pul e-duration me ur m nt,
frequency Ratio: 1 to 10. Frequency "A," dc
to 20 .\IHz, i measured ov I' 1 to 10 periods of
fr quency "B," dc to 10 :'11Hz, Accuracy, ± 1
count of "A" ± trigger rror divided by number
of "B" period .
Count: Regi t r capacity, 10. Events are ac
cumulated b twe n " tart" and " top" com
mand from manual panel button or, exter
nally, from contact clo ure or solid- tate
witche . In "count," torage i automatically

di abled.

INPUT

frequency: hannel "A," d to 20 .\11 Tz (3 Hz to
20 :'11Hz ac-coupl d); channel "B," dc to 10
l\IHz (3 Hz to 10 :'11Hz ac-coupled).

10



Sensitivity: 10 m V rms sine wave, 30 m V pk-pk
pul ; trigger level variable ± 100 m .
\ltenuator: xl, x10, x100 (0, 20, 40 dB); 10'1'

<5upacitance 10:1 probe available.
Voltage Rating: Input voltage hould not exceed
150 V on xl or 300 V on xlO or xlOO.
Impedance (all attenuator settings): Approx
nm shunted by ~~5 pF. At rear conne t I'

(supplied mounted, unwired), shunt increa es
to approx 70 pF.
Signal Polarity: Front-panel control permits
el ction of positive- or negative-going ignal

s nse for kiggering.

10-MHz TIME-BASE OPTIONS
Room-Temperature Oscillator

Stability: <2 X 10-'7;0 from 0° to "O°C.
Drift less than ±2 X 10' per month.
With ±10<;- line-voltage variation, <2 X
10-0.

Manual Adiustment Range: ± 1 X 10-5 at
rear-panel con trol.

High-Precision Oscillator (in proportional-control
oven)

Stability: <2 X 10-10r from 0° to 50°C
when op rat d continuou Iy. Drift ±1
X 10-0 per w k, approx 2 X 10"""1) I er day
after I month of conlinu u 01 ration. With
± 10~~ lin -vol tag variation, < 2 X 10-'0.
Manual Adjustment Range: ±1 X 10-1; at

rear-panel control.
"ime-Base Output: 10-~lHz square wave, 2 V
,.>k-pk behind 50 n at rear-panel BX con
nector.
External Phase-lock: Both timc-ba os illator
can be lockrd to xternal standard frequen y
at 0.1,1,2.5,5, riO J\lHz, of at lea t 1 V rm
into 1 kP.. A front-panel phas -lock indicator
lamp is provided.

DATA PRESENTATION
Display: digit display ,,-ith automatically po i
tioned de imal point and measurement dimen
sions. High-intensity neon readout tubes.
Storage: Display an be either stored or no .
Operator can elect from approx ] 00 IJS to
10 S or infinity for di play time (in normal
mode) and for data holdofT lime (in storage
mode).

November-December 1967

Data Output (in some model ): Fully buffer d
1-2-1- B 0 output at standard DTL levels;
data zero i 0.5 V max and data J approx 5 V
behind 6 kf!.

PROGRAMMING
Input: All instrument function controllable by
closur to ground within capabilities of DTL
micrologic (2- to 6-mA ink current required),
except:

PERI D and TLUE IXTER AI, require
approx 50-mA- apacity xternal clo ures for
added load of dimen ion-di play lamps.
Functions controlled by other than contact
clo ure:

Input Threshold: Requires de voltage of
± 100 mV corr 'ponding to de ired threshold
level.

Di play Time: Requir R ci rcu i t to
ground. Di play/hold-off interval is approx
one H.C time constan t.
X onprogrammable functions: Input attenua
tor, input ue/dc coupling, eparate/common
witch, clf-te L, int.ernal/ xternal control of

time-base 0 cillator, and fr queney adju t
ment of time-base 0 cillator.

GENERAL
Environmental: 0° to 500 e op raLing range.
Power Required: 100 to J25 or 200 to 250 V, 50
to 100 H"" :~2 \Y.
Accessories Supplied: Rack-mounting hardware
set, power cord, spare fu es.
Accessories Available: Inpu probe, 1156 Decade
•'caler for mea uremellt to 100 :'IfTTz; I J:r
Data Prinl 1", 11:36 D/:\ onverler, and olh I'

GH. digital-data a("qtli~ition quipm nt.
Dimensions (width X h'ight X depth): nench
mod I, J!l x :l7 H x 12.1 , in. (-1 5 x 99 x:325 mm);
rack model, 19 x :.P ~ x II in. (-I 5 x 9 x
2 0 mm).
Net Weight (approx): 22 lb (10 kg),

FOR INPUT PROBE - 1158-9600
Input Impedance: JO :'11\1 hunted by approx 7 pF
when u cd with IIHI counter.
Attenuation: X 10 (20 dB).
Voltage: GOO ,- de or ac pk-pk, max up to 5.7
:'11Hz; Ie s at higher fr quencies.
Length: 312 ft.

Catalog Tumber

1191-9700
1191-9701
1191-9702
1191-9703
1191-9704
1191-9705
1191-9706
1191-9707
1158-9600

D cription

1191 Counter
Bench Model
Rock Model
Bench Model with Data Output Option
Rack Madel with Data Output Option
Bench Model with High-Precision Time-Bose Option
Rack Model with High-Precision Time-Base Option
Bench Model with both Options
Rack Model with both Options

P6006 Probe, Tektronix Catalog No. 010-0127-00
(not sold separately)

Price in USA

$1340,00
1340.00
1390.00
1390.00
1490.00
1490.00
1540.00
1540.00

22.00
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NEW UHF BRIDGE WITH
PRECISION CONNECTORS

In terms of impact on instrument design and
performance, one of the most important
new products to come from General Radio
in recent years has been one of the smallest,
the GR900 R

; precision coaxial connector.
The GR900 has been the springboard for
substantial improvements in many instru
ments and standards made by GR and
other manufacturers. The time-tested ad
mittance meter is the latest beneficiary of
GR900 precision, as well as of several other
noteworthy improvements.

Th developm nt of pI' ci ion coaxial
connector ha led to ignificant im
provement in th performance f many
coaxial in trument , The I' duc i n in
error introduced at the interface be
tw en the unknown and th in trument
ha made po ible not only higher
dir ct-r ading aceura 'y but ven greater
gain thr ugh t h u of reference
tandard quipped witb preci ion con

nector-, Th exceptional rep atability
of the GR 00 R connector ha already
been put to good u e on lotted lines

12

and rf bridg ; now u er of admittance
m t I' can hare in the many ad-
vantag f the pr ci ion onnector.

Th TYPE 1 02 Admittance :\leter
ha - ov r th year found wid pI' ad
application for impedanc and admit
tance mea lIr ment in the awkward
rang be w 'n lump d-con tant and
di tribut d-param t I' fr qu ncie. It
fre<lu ncy rang of 20 to 1500 ~lIIz in
clude frequ ncie at which lott d line
become long and exp n ive and con
ventional bridge uITer from error du
to tray inductanc and capacitance .
• -ow a new admittance m .ter, the 1609,
join th 1 02 to bring a n \\. order of
accuracy to mea urement in thi area.
(The admittan e meter, incidentally,
i a null in trument more properly
call d a brid ,a poin \\'e are happy to
put ri ht in th naming of the new
in trument,)

The 1609 PI' ci ion -HF Bridge i a
com pi t ly n \\' in trument, diff I' nt in
everal important re pect from th

older 1602. In addition to R900 con
nectars, the 1609 has more rugged



over-all con truction improv d, lock
able conductance and su ceptance
tandard and several features that

facilitate bridg -arm adju tment. Inte
gral multiplier etting, for example,
are detented. The real and imaginary
arms can be precisely adjusted by
means of a v rni l' ~ ttachment and can
be locked into position.

The direct-reading accuracy of th
1609 HF Bridge i quite good but
truly spectacular re ult are po ible
through the u e of R900-equipped
calibration standards. }< or example,
through the u e of GR900 I' f ren 'C air
lines and andard termination, low
SWR scan b measured to within
±0.002. Recently introduced precision
air capacitor, standard l' i ti ve ter
mination , and GR900 air line, u ed
as C, H, and L tandards, imilarly
impro,' th ::I.e 'uracy of mea urement
of capacitance and inductance of

November-December 1967

lumped- and di tributed-parameter cir
cuit to well beyond the direct-reading
accuracy.

Preci. ion mea. uremen ts are not
limited to circuit and component
equipped wi th GR900 connectors.
Through the u of GR900 preci ion
adaptor, the UHf<' Bridge ('onnecL
ea ily to any f the popular coaxial
('onnector , including Types -, TNC,
B -C, et. Th. det rioration in ac
curacy introduced by th adaptor i
u. ually negligible compar d with the
inherent uncertainty characteri tic of
the lower-performance connector. For
mea urement on lumped-parameter
'omponents with wir lead, the TYPE
900-111 omponent l\Iount 'an be u d.

Method of Measurement

'se of the 1: IIF Bridge i impl and
,traightforward. With a uitable gen r
ator and d t etor and the c nductanc

I

New uhf bridge in use
measuring SWR of termina
tion, with 7.S-em reference
air line connected as im
pedance standard.

13
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versity. He join d the
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gaged in microwave cir
cuit d ign.

and usceptance standards (upplied)
conn cted to the bridg , the unknown
i connect d and th bridg arm ar
adju ted for a null. this balance
the bridge arm indicate he real and
imaginary terms of the normalized
admittance f the unknown at a point
about 4.9 em from th orR 00 con-
n tor fac . hort or op n ircuit i
th n mea ur d to tabli. h a known
I' feren plane, and a mi h hart
or tran mi in-line equation ar u d
t d ternun the imp dance or admit
tance at any ref renee plan, ju t a in
slott d-line mea ur ment•.

ince thi i a null in trum nt, d 
tector re pon e doe not affect mea ure-

ment accuracy, as it can in slotted-line
mea urement. Multiplier plates are
upplied for better re olution of very
mall or very lar e values.

SWR Measurements

When only the WR of a component is
of intere t, the bridge can be u ed as a
I' flectometer. With h component
connect d to th brida , the detector
output leyel I' tati\ e to a calibration
level can readily onv rt d to \YR.

in no balancing i involved, thi
m thod i particularly u ful for mea 
urement of larg numb rs of compo
nentl'!.

For accurat maul' ment of low
swn's, a R900 ref I' nee air line can
be u ed a an L b lu e impedance
tandard. 'I he I ridg th 11 act a a

tunabl hybrid. The unknown i con
n cl d and th bridge i balallc d. The
air line i th n in rted b tween the
bridg L nd .the unknown, and the de
tector outpu i th n an a curate indi
cat I' (±0.002) of the wn f the un
known. - J. F. IL;\IORE

SPECIFICATIONS

Accuracy: Applie to each term of normalized admittance reading eparately.

Frequency

20-500 IIIz
500-1000 ~mz

1000-1500 1Hz

Larger term <1

± (0.021 YNI + 0.01)
±(0.03IYNI + 0.01)
±(0.05IYNI + 0.01)

Larger tenn 1 to 20

±(0.02 MjYNI + 0.011\1)
± (0.03 ,/1\11YNI + O.ODl)
± (0.05 1\11 YNI + 0.021\1)

I}TNI = magnitude of bridge reading (normalized units)
- (real term)2 + (imag term)2

:\1 = tting of multiplier arm, value > 1 to 20 required
if normalized real or imaginary term is > 1.

14

Imredance accuracy same as abovc ub tituting
IZ~ for Y~I.. 'YR accuracy ±2c( from 20
lo 1000 fIlz, ± IC I 1000 to 1500 1\rTTz, for
meusurem nts near unity (matching to 50-H

'Stem).

Frequency Range: 10 to 1500 • 1Hz, dircct
reading; down to 20 ~fH?,; with corr ction
factor applied to imaginary term.

Measurement Range: 0 to 100 mu or 0 to
1000R, dir ct reading; can b. xtended to
4000 nm or 10,00 11 with multiplicr plates
(supplied). In trum nt m usurc admittance
4.9 cm in id mating plane of CRBOO con
ncctor; readings normalizcd with re pcct to
20 mn (50 11). The addition of air line of ap
propriate length mak in trument direct
reading at any desired reference plane.



Accessories Supplied: 50-n conductance stand
ard, adjustable stub and variable air capacitor
for au ceptan e tandards, two multi, Ii r plates,

7'-1-R22LA Patch ord, II' oden storagc ca c.

Accessories Required: enerator with 20 m \V
to 2 V,r output, d tectar with b ttcr than 10-I'V
sen itivity. H. comm nded, c: n. 0 cillators

j
em

Type DNT Detector or 123) 1-; Amp ifier,
874-J\1RAL l\1ixer, and appropriate oscillator.

November-December 1967

Accessories Available: 900-LZ Reference Air
Lines as impedance. tandard ,OR900 'tandard
Terminations and ,'tandurd Mi matehes for
::i.libmtion, CH.OOO adaptors to oth r conn ctar

types.
Dimensions (\\'idth X heigh x depth): 5 x 7M
X 51~ in. (130x 1 5 x 110 mm).
Weight: Nel, l(j Ib (7.5 kg); shipping, 20 lb
(9.5 kg).

Catalog Number

1609-9701

Description

1609 Precision UHF Bridge

Price in USA

$795.00

NEW RECORDING WAVE ANALYZERS

In the l\Iay-June Experimenter, we
d crib d a new dial dri ve for ut maLic
stepp d or con inuou third-octav
analy is (as w II a continuous ten h-

Lave analysi ) with the Type L G4.-A
ound and ibrat,ion Al1alyzer.1,2 'Ihi

dial drive, the L nalyz r, and the Typ
1521-13 Graphic L v l R order ar
now available in ombina i n, a the
TYPE 1912 Third-Octave Re ordillg

nal zero tepp d hird- ctav analysis
i finding in rasing applicntion s
pecially hrough th imp tu of mili ary
and indu try te ting standard. (e.g.,
l\lil td 740-B, A IIR E 36A-63), and
thi n w ,y tem make th mea ur 
ment simple and conv nien .

In addition LO he instrument men
tioned above, the y tem in Iud 10
roll of chart paper. Th r 'ord I' is
equipped wi h a 40-dB potentiom tel'.
The y tern c bin t inc] ude a orage
drawer and a y tern power control that

lB. A. Bonk," Dial Dri\-e for 'tepped or Swept
Analysis," GeMral Radio /;'xperim ntet, ~lay-JlIne 1907.
2 \V. R. Kundrrt, II N4?W Performance, NC'w Conv('nirncr
With the ew Sound and Vibration Analyzer," General
Radio Expttime"tet, pt.ember-October 1963.

\Vitche the analyzer batt ry supply as
w 11 a th a line.

noth!'!' n w system combine the
TYPJ,j 1,:iG -A "Vave naJyzer3 with the
graphi level rec rder. TI 156 is a
1o/c -band wid th analyz r 'apabl of sep
arating very closely spaced frequency
omponents over a frequency range

from 20 Hz to 20 kHz. Applications
include harrnonic-di trion m a ur 
m nt., harmonic anuly is (the 156 will
s parat about 50 harmonics), and
mea uremen ts on mod ulaLed ·ignals.
The analyzer j e pecially u, eful in
mea llJ' milts of low-f!' q u n'y Doi
or vibration from machinery.

The new Type 1913 Recording Wave
Analyzer include., in n.dditi n to the
I'll alyzer and th r cord 1', an O-dB
pot ntiometer (pILt. Lh ..JO-dR potenti
am tel' upplied with Lhe recorder), 10
rolls of chart, paper, and the dri ve and
link units through which the recorder
drive th analyzer fr qu ncy diaL

J \V. H. Kundert, .. A One-Pprcent-Bandwidth \,Vave
Analyzer," General Radio Exper.imenter, SepLember 1906.

Catalog Number

1912-9700

1913-9700

1913-9701

Description

1912 Third-Octave Recording Analyzer
for lIS-V, 60-Hz supply

1913 Recording Wave Analy:z:er, 1% Bandwidth
lor 115-V, 60-Hz supply

1913 Recording Wave Analy:z:er, 1% Bandwidth
for 230-V, 50-Hz supply

Price in USA

$3510.00

3180.00

on request
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DO WE HAVE YOUR CORRECT NAME AND ADDRESS-nome, company
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If not, please clip the address label on this issue and return it to us with

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

Precision Measurements Association Conference

The fir t annual confer nce of the
Precision Mea ur mcnt ociation
will be h Id at the Disneyland II t I in
Anaheim, alifornia on January 22, 2:3,
and 24, 196 . In tru,tional cour-e.
technical ion , and exhibit will b
pre ent d.

General Radio will participat in thi
program by demon h'ating th u e of
GR900 preci ion conn etor and

tandarcl. in the calibration of in tru
m nt. IR will also clem n trate a
technique for calibrating capacita-nce
tandard at high frequ ncie by mean

of a microwu\' lotted line equipped
wi h a pI' ci ion connector.

For further information on the P~IA

onference, wrile to the Preci ion
Lea uremenl A. ociation, '26 ~. Vic

tor m,·d., Burbank, alifornia 91502.

General Radio wishes all Experimenter readers

a happy and prosperous 1968.

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS 01781
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