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The term frequency synthesizer can
quite properly be applied to any of a
variety of devices. LIFor instance, a
type of radio transmitter widely used
for aircraft communications synthesizes
a large number of channels by combin-
ing frequencies selected from groups
of independent ecrystals. Such syn-
thesizers are not ‘“‘frequency coherent,’’
since the output frequency reflects
the individual errors of several erystal
oscillators. But, if each of the erystals
in the groups has adequate accuracy,

the synthesized output frequency is
accurate enough and stable enough

for the intended application.
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An example of coherent frequency
synthesis is found in the circuitry
often used with atomic frequency
standards to translate the atomic reso-
nance frequency to a convenient round
number, such as 5 Me/s. Synthesizers
of this kind derive all intermediate
frequencies and the final frequency from
a single source and are thus frequency
coherent. However, since only one syn-
thesized output frequency is produced,
such a device is limited to its special-
purpose use.

Members of a rapidly growing class
of general-purpose frequency synthe-
the new GR designs

sizer, in which

Figure 1a. View of the Type 1162-A Coherent Decade Frequency Synthesizer.
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belong, produce many output frequen-
cies coherently from a single primary
source. Output may be at any one of a
very large number of discrete frequen-
cies, usually selectable on a decimal-
digit basis. This article will describe
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the outstanding characteristics and
novel features, both electrical and

mechanical, included in the first two
of a family of synthesizers now in pro-
duction by General Radio Company.
Of particular note in these designs are,
first, the use of repetitive plug-in sub-
assemblies, which permit many varia-
tions to suit particular requirements;
second, provision for continuous,
smooth coverage of any chosen part
of the frequency band, from very wide
to wvery narrow at will; and, third,
circuitry for the generation of precision
frequency markers. I‘requencies are
selected by means of a series of stepped
digit units, plus a continuously adjust-
able decade. Remote programming
capability is standard for the con-
tinuously adjustable unit; it is an extra-
cost option for the stepped decades.

TYPES 1161-A AND 1162-A COHERENT
DECADE FREQUENCY SYNTHESIZERS

Frequency Ranges

Figure la and Figure 1b show the
two (GR synthesizers. The physical re-
semblance is no accident; the units are
designed to be nearly identical. In
fact, one can be transformed into the
other by the change of one plug-in
module.

EXPERIMENTER

Figure 1b. The Type 1161-A Synthesizer is similar
in appearance to the Type 1162-A.

The Type 1161-A Coherent Decade
I'requency Synthesizer provides any
desired output frequency from de to 100
ke/s, with decimal-digit readout of the
selected frequency on a series of up to
seven illuminated digit dials and a
continuous-coverage dial. The smallest
digital step in the fully equipped unit
1s 0.01 ¢/s. The fine divisions on the
continuous dial, when used at the end
of the digit series, are at 0.0001-cycle
intervals. FFor those who do not require
such fine digital steps, the design per-
mits digit-insertion units to be omitted
at a reduction in price. Figure 2 shows
one such stripped-down model with
four digit dials plus the continuous
coverage dial. The three missing digit-
insertion modules can be plugged in,
whenever the need arises, to upgrade
the unit to a complete instrument.

The Type 1162-A Coherent Decade
Frequency Synthesizer has output fre-
quencies up to 1 Me/s, with a smallest
digital increment of 0.1 ¢/s and finest
calibration lines on the continuous
dial at 0.001-cyecle intervals.

In either synthesizer, the Continu-
ously Adjustable Decade (CAD) can
be added on at the end of the series of
digital dials or, at the push of a button,
‘an functionally replace all digit dials

r
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below any chosen rank and thereby
provide wide, single-dial frequency cov-
erage, remotely controlled, if desired.
By virtue of the seltf-calibrating fea-
ture for the CAD), explained in detail
later, the partially equipped models,
such as the Type 1162-A4C illustrated
in Figure 2, can set frequencies to more
significant figures than the number of
dials would suggest. Thus the Type
1162-A4C can be set to four figures
on the digit dials and four more on the
CAD, calibrated against the digit dials,
for a total of eight significant figures.

Swept-Frequency Generation with Fre-

quency Markers

The CAD dial is direct-reading; the
numbered major divisions correspond
to the digits on the step-adjustable
dials. As an additional unique and very
useful feature, built-in monitor circuits
make it possible to set the CAD dial
precisely to three or more significant
figures, in terms of the digit dials. Provi-
sions are also included for varying the
frequency of the continuous unit in
accordance with an electrical control
input. These monitoring and calibrating
circuits assist in the generation of
accurate frequency markers, at the
center frequency defined by the digit
dials and at independently chosen side

o 1.5~ MARKERS b
3~ Pass Band

1.0 ~, MARKERS <

3. ~~and 10 ~vPass Bands
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Figure 2. A partially equipped instrument, Type
1162-AA4C, top and panel views.
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frequencies. The synthesizers thus be-
come sweep-frequency generators, capa-
ble of being swept with precision over
frequency bands ranging from a fraction
of a cycle to many kiloeycles. Figure 3,
which will be discussed in more detail
later, 1s an example of this sort of
application. The 3-, 10-,"and 50-cycle
passbands of the GR Type 1900-A
Wave Analvzer are shown displayed on

a storage oscilloscope, with accom-
panying center frequency and side

markers at small and precise intervals

10 ~» MARKERS
3~, 10~,, and 50~ Pass Bands

Figure 3. Pass bands of the Type 1900-A Wave Analyzer, with simuiltoneously generated frequency
markers. The signal source for this measurement was o Type 1161-A Synthesizer.
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Modular Construction

The circuits of these synthesizers
have been packaged in modules care-
fully chosen as functional elements,
which can be combined in a variety of
ways to satisfy either general-purpose
or specialized requirements. The plug-in
modules are pictured in IFigure 4 and
are briefly described in the following
paragraphs. All module circuitry is
solid-state and 1s mounted on one side
only of the etched boards. Ifor more
detailed descriptions, see page 7.

Digit-Insertion Unit—Type 1160-DI-1.
This module, basic to all GR frequency-
synthesizer assemblies in this series, is
used repetitively to provide selection
of each available digit. A DI-1 unit
is plugged in behind each of the digit
dials visible in I'igures 1 and 2.

Continuvously Adjustable Decade—
Type 1160-CAD. One of these units is
used 1n each instrument to provide
continuous frequency coverage on a
single dial over wide or narrow fre-
quency regions as selected by push-
buttons. It may be omitted from the
assembly where continuous coverage is
not required.

EXPERIMENTER

Ancillary Frequency Source—AFS. In
this assembly 1is the 5-NMe¢ master
crystal oscillator from which all fre-
quencies used in the synthesis are de-
rived. It provides an additional output
at 42 Mec/s, which is fed to all the
DI-1 units and the CAD, and a
‘““‘picket fence’’ of frequencies spaced
100 ke/s apart between 3 and 3.9 Mc/s.
This picket fence i1s used in each DI-1
unit for digit-selection purposes.

Calibrating Mixer—CM-1. This sim-
ple module compares the output fre-
quency of the CAD unit with the
dialed output frequency of any chosen
group of DI-1 units for self-calibration
or marker generation. If the CAD unit
1s not installed in a particular assembly,
this mixer is omitted also.

Output Mixer OM-1 and Output Multi-
plier-Mixer OMM-1. These modules,
mechanically interchangeable, provide
frequency translation between the syn-
thesizing modules and the output cir-
cuits of the Types 1161-A and 1162-A
Synthesizers, respectively. Replace-
ment of one by the other in the main
frame changes the instrument from a
Type 1161-A to a Type 1162-A or vice

versa.

Figure 4. The basic modules of a Type 1161-A or a Type 1162-A Synthesizer. Left to right (front},

Digit-Insertion Unit, Continvuously Adjustable Decade, Power Supply, Ancillary Frequency Source;

{rear) Calibrating Mixer and Output Multiplier-Mixer. Dial light panels for a DI-1 unit and the CAD are
resting on the respective boxes.
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Figure 5. Top view of the Syn-
thesizer chassis.

Power Supply—PS-1. This unit ac-
cepts ac power from the line or de
from a 20- to 28-volt battery and sup-
plies 18 volts, regulated, to operate the
synthesizer.

I'igure 5 shows the main frame into
which the modules listed above are
plugged to make up either a Type
1161-A or a Type 1162-A Synthesizer.
Its deck is of ‘“sandwich’’ construction,
with banana plugs protruding down-
ward to engage the power supply and
the AFS and upwards to connect with
all other modules. The frame contains
the push-button switches that control
the functional position of the CAD, the
monitoring circuits, and the final output
amplifier.

PANEL CONTROLS
Frequency Selection

As may be seen in Figure 1, eight
frequency-setting dials, with illumi-
nated numbers on seven of them and a
continuously calibrated scale on the
eighth, provide an in-line readout of
the synthesized frequency to nine or
more significant figures. I3ehind each
dial i1s a digit unit. The signal flows
through this synthesizing portion of
the instrument from right to left, enter-

SEPTEMBER 1964

ing and leaving each digit unit in
sequence.

Below each digit dial is a pushbut-
ton. When one of these buttons is
pushed (and automatically latched), an
rf switch behind it in the sandwich
deck performs the following two func-
tions:

1) The output from the digit unit
above the actuated button and from all
units to the right of it is connected
to the Calibrating Mixer. (An output
of the CAD unit is permanently con-
nected to the other input of this mixer.)

2) The main output of the continu-
ous unit (CAD) is connected to the in-
put of the group of digit units to the
left of the actuated button. The CAD
thus functionally replaces the discon-
nected digit units, as regards their
contributions to the output frequency.

Operation of the pushbutton also
controls lamp switches behind the
panel to extinguish the illumination
behind the replaced dial numbers, so
that the output frequency is read from
the illuminated numbers at_the left,
followed by the continuous dial read-
ing, with little chance for error.

Monitor Switch and Mixer

The monNITOR switch, in its counter-
clockwise position (caAp cAL), applies
the calibrating-mixer output to the
monitor meter. The meter behaves like
an analog frequency meter when the
CAD output frequency differs substan-
tially from the output frequency of the
replaced group of digit units, indicating
upscale from center. As the CAD is
tuned to within a few cycles of zero
beat, the meter follows the beats di-
rectly. The CAD unit can thus be ad-
justed to the frequency of any group
of replaced digits on the main dials.

www.americanradiohistorv.com
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The beat frequency from the cali-

brating mixer also appears at all times
on the binding posts marked BraT.
Whenever this beat frequency is below
50 ¢/s, the CAD frequency is equal to
that indicated by at least three figures
of the digit dials used for calibration;
if the beat is below 5 ¢/s, the CAT) dial
may be relied on to four figures.

When the mownrror switch is in its
central position (ourpur voLTs), the
meter measures the voltage at the main
output connector, with a scale range
from O to 2 volts, rms. With a 50-ohm
load or higher, the output can always be
adjusted to 2 volts or more, by means
of the ourrur LEVEL control, at any
frequency above 30 c¢/s.

As will be discussed more fully later,
the master crystal oscillator may be
phase-locked to an external frequency
standard.

When a locking signal is introduced
(through a jack at the rear of the in-
strument) and the MoNTror switch is in
its clockwise position (LOCK TO EXT
sTp), the meter verifies proper phase
lock of the erystal oscillator to the
standard.

External CAD Control and Deviation
Indication

T'he Continuously Adjustable Decade
(CAD) can operate in either of two
modes, as selected by the coaxial lever
switch at the right of its dial. When this
switch selects the INTERNAL LOCK mode,
the C'AD) is highly stable, since its
output frequency is a synthesis of a
relatively large crystal-locked frequency
and a small contribution from an Lc
oscillator.

In the ExX1TERNAL conTrROL mode, the
CAD output is derived completely from
a continuously tunable Lc¢ oscillator.

EXPERIMENTER

Part of the tuning capacitance is sup-
plied by a voltage-controllable silicon
capacitance diode. The control circuit
is de-coupled to the EXTERNAL CONTROL
binding posts at the left of the panel.
When the capis switched to the EXTER-
NAL CONTROL mode, the dial light of the
cap is dimmed as an indication to the
operator that the switch is in this
position.

As marked on the panel, a control
signal of —0.3-voit de will shift the
CAD frequency upward, by an amount
equal to one major dial division, from
a neutral position set by the cap dial
itself. The unit can be swept =10
major divisions from any starting point
within the dial range. When such elec-
tronic control is used, the beat fre-
quency appearing at the BEAT binding
posts 1is strictly proportional to the
deviation of the CAD frequency from
the digits on the replaced dials and
increases at the rate of 10 ke/s per
major cap dial division.- Since the
major (numbered) divisions on the cap
dial correspond directly to the numbers
on the digit dial immediately above the
actuated pushbutton, a 10-ke¢ beat note
indicates, in the Type 1161-A, an output
frequency deviation ranging from 0.001
¢/s to 10 ke/s in decade steps, depend-
ing only on which pushbutton has been
pressed. In the Type 1162-A, the corre-
sponding range is from 0.01 ¢/s to 100
ke/s. (The minimum figures occur when
the button directly under the cap itself
is actuated; the replaced digit in this
case 1s ().)

Two other controls on the front
panel are screw-driver operated. The
CRYSTAL FREQ control is a vernier on
the free-running frequency of the mas-
ter crystal oscillator. It may be used
either to set the free-running frequency

www americanradiohistorv com
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Figure 6. Signal traversing a
typical Digit-Insertion Unit.

accurately against a reference or, if the
synthesizer is phase-locked to an ex-
ternal standard, to adjust for optimnum
locking conditions. The other screw-
driver control operates a switch that
changes the normal ac-coupled output
circuit to de coupling. With de coupling,
the output frequency can be adjusted
as low as desired, down to de¢, but the
output voltage available is only about
1 volt, rms. The output voltage monitor
meter is disconnected in this switch
position.

With these points in mind, let us
now proceed to a consideration of the
synthesizing principle used to attain
stepped frequency increments as small
as may be desired.

THE SYNTHESIZING PRINCIPLE
USED IN GR SYNTHESIZERS

Itach DI-1 module in the synthesizer
receives an input signal at about 5
Me/s, modifies the frequency of this
signal very slightly in two steps, and
delivers the modified frequency (again
near 5 Me/s) as an input to the next
DI-1 unit in the train. I'igure 6 is an
elementary diagram showing the essen-
tial processes performed in a DI-1 unit.

In I'igure 6 each signal (input and
output) is shown as having a frequency
that, for convenience, may be regarded
as the sum of two components. The
first component is a “carrier’’ frequen-
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cy, which remains unchanged through
all the DI-1 units at 5000 ke/s.

T'he second component is the ““signal™’
component. The signal component ak
ways lies between 0 and 100 ke/s.

The signal component is modified by
passage through each digit-insertion
unit in the following very simple ways,
as indicated in the figure. If we denote
the total input frequency by

Jin =fc + fe;,, ke/s (1)
and the output frequency by

ey T = 1, ke/s (2)

then the IDI-1 unit performs operations
so that:

ot

fowe = fo + fm" +10d  ke/s  (3)
or
s in ‘
Jopor = — +10d  ke/s (4)
10
where
Finy foue = total inpyt and eutput
frequencies.
b = carrier component, invar-
iant.
+ - = signal component of input.
V- = signal component of out-
put.
of = selected digit, from 0 to
9 in integral steps.
I'or convenience in following fre-

quency changes through the train of
digit units, we can disregard the carrier
component, since this passes through
unchanged, and concentrate on only
the signal component, as in equation ().

IFigure 7 shows four DI-1 units (A,
B, C, D), each with digits sclected as
indicated, and the signal-component
flow through the train, from right to
left. Observe the correspondence be-
tween the signal component of output
frequency from unit A (24.39 ke/s) and

- wwamw americanradiohistorv.com
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SELECTED DIGITS d
A 8 ﬁc\ D
7
2 4 N3 -9
Figure 7. Signal passage s L
through four Digit-Insertion fa=4.39420 fs=39+40 f---‘a +10d fs'-ﬁ-‘ﬂod fsin=0
Units, illustrating synthesis YIRS =43 akess ~§g+30 S0.40GTkcA
of desired signal ikl 1
component. ouTeuT FREQUENCY inpUT “FREQUENCY
=5024.39 kc/s SIGNAL FLOW = 5000.00 kc/s
the digit dial settings (2439). It 1is 2) Add to this a digit component
clear that the output frequency from that is 10 times the dialed digit (in
«ny unit in such a train of digit units ke¢/s), and pass the result on to the
will have a signal component that is, input of the next IDI-1 unit in the train.
in kilocycles per second: This general principle is not new.
It was disclosed in print at least
Je = 10dy + ds + 0.1 dj i :
= as early as 1952' and has been util-
+ 001 dy + . . . h) . - -
ized in a number of modern applica-
where «; represents the dialed digit tions.2 3. 4.5 Towever, the grouping of
on the unit at which the output fre- necessary circuits into a train of identi-
quency 1s measured, and d: through d,, cal digit units, each of which performs
represent digits dialed on successive the two listed operations, has made
units to the right. possible the very versatile Types
Equation (4) defines the two funda- 1161-A and 1162-A Synthesizers and
mental operations performed on the forthcoming members of this family.
Slgllal ('ornponent by each dlglt unit, ‘_Au;'t‘ralian Patent No. 148,412, *“ Frequency Synthe-
which permit frequon('y synthesis in ?éys,gr.Ltii\f:cepted 29 September 1952, Amalgamated Wire-
- . " e n 2 U. S. Patent No. 2,829,255, * Digital Frequency Synthe-
steps as small as may be desired. These sizer Systemn.” April 1, 1958, v. W, Bolic ;
e R 3 U. S. Patent No. 2,930,988, ‘* Apparatus for Generating
OpCI‘dthllS are: IFrecqquencies,’”’” March 29, 1960, A. F. Boff. -
\ e . . ’ + U. S. Patent No. 2,934,716, ** Variable Frequency Syn-
]) I)IVId(' t‘he lllpllt Slgnal com- thesiqze{g," April 26, 1960, J. W. Snli(t_]). i
5. S. Patent No. 3,125,729, “ Digit Controlled Frequency
p(ment by 104 Synthesizer,”” March 17, 1964, Stone & Hastings.
OPERATING PRINCIPLES

The Digit-Insertion Unit (DI-1)

The principle of the Digit-Insertion Unit is
the dual of that of the familiar error multiplier
sometimes used to magnify small frequency dif-
ferences by successive subtractions and multi-
plications. In the Digit-Insertion Unit, in con-
trast, we add and divide, to manufacture small
differences.

As shown at the right of Figure 8, the total
input signal to a digit unit lies between 5 and
5.1 Me/s. To this is added 42 Me/s generated
coherently from the master crystal oscillator.
To the resulting sum frequency, which lies be-
tween 47 and 47.1 Me/s, is added the digit
component. The digit component may be any
one of 10 frequencies from 3.0 to 3.9 Me/sin 0.1-
Me steps. The desired digit component is se-
lected by means of a phase lock between an

oscillator rough-tuned to the desired frequency
and one component of a picket fence generated
coherently from the erystal oscillator. The final
sum frequency, after this second addition, lies
between 50 and 51 Mec/s.

The output frequeney from the digit unit is
one-tenth of this, and therefore lies onece more
between 5.0 and 5.1 Me/s. Note that the signal
component of the total input frequency has thus
been divided by 10, as required by equation (4),
and that a digit component has been added,
which, in kiloeyeles per second, is 10 times the
dialed digit, as specified in equation (4).

In the IDI-1 unit the division by 10 is achieved
by the use of the phase-lock technique. The
tenth harmonic of the output oscillator is com-
pared in a phase detector with the 50-to 51-Me
signal mentioned above, and the phase-detector
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output locks the output oscillator at exactly
one-tenth of this reference signal.

Both phase locks use automatically switched
low-pass filters in the control loop — wide band
for capture, narrow band as lock is achieved.
Automatic-sensing circuits extinguish the dial
lighting if there is no lock. The capture range
for each oscillator is so far in excess of require-
ments, however, that such failure is rare.

Observe that the choice of frequencies used
in the above synthesizing process is such that
no low-order spurious products approach coin-
cidence in any of the mixers. This means that
all important spurious frequencies are relatively
far removed from the desired signals and that
filtering requirements are therefore not severe.
In addition, the simple rc filters in the phase-
lock loops are able to remove any such products
not completely eliminated by the mixer output
filter.

In Figure 8, a decade dial is shown as the fre-
quency-selecting control. In the remotely pro-
grammable version of the ID1-1 unit, the manual
dial has an eleventh position marked ‘“Rr.”” At
this setting, control is transferred to a rear con-
nector, which allows digit selection by closure to
ground in a biquinary code.

The Continuously Adjustable Decade (CAD)

The CAD is very similar in principle to the
DI-1. The digit selection uses an oscillator con-
tinuously adjustable from 2.9 to 4.1 Me/s (3.0
to 3.9 corresponds to digits 0 to 9; 2.9 provides
range to —1, and 4.1 extends the high side to
11). In the INTERNAL LocKk mode, a 5.0-Me in-
put signal is added to 42 Mec/s to generate 47
Mec/s, cerystal-locked. The digit oscillator, com-
bined with this, produces a signal ranging from
49.9 to 51.1 Me/s (of which 47 Me/s is tied to
the master crystal ocillator). After divisions by
10 by techniques similar to those in the 1JI-1,
the final output frequency lies between 4.99 and
5.11 Mec/s.

SIGNAL FLOW

SEPTEMBER 1964

In the EXTERNAL CONTROL mode the output
oscillator is allowed to run free, under control
of a second section on the two-gang tuning ca-
pacitor. Part of the oscillating-circuit capaci-
tance is supplied by a voltage-variable-capaci-
tance diode, for external-control purposes as
described earlier.

The Ancillary Frequency Source (AFS)

As discussed above, the DDI-1 and CAD units
all require an input at 42 Mc/s, and the DI-1
units additionally need a coherent picket fence
from 3 to 3.9 Mc/s. The AFS unit provides these
two inputs to.the digit units. The AFS unit also
contains the master 5-Me crystal oscillator,
from which these signals are coherently de-
rived; also included are circuits by which this
master crystal oseillator can be phase-locked
to any stable 5-Me signal, or submultiple there-
of. Isolation amplifiers make available, at rear-
panel connectors, standard frequencies at 100
ke/s and 5 Me/s for use in auxiliary equipment.
A 1-Me¢ output is connected into the sandwich
deck and brought out at lower power level at
the rear of the deck. The 42-Mc signal is also
available at a rear-deck receptacle.

Figure 9 is a block diagram of the AFS unit.
The primary source, at 5 Me/s, is divided to 1
Me/s, which is then multiplied to 42 Me/s in
three steps. In another chain, the 1 Mec /s is fur-
ther divided to 100 ke/s, where pulse-shaping
circuits and bandpass filters and amplifiers
generate the picket-fence output.

Isolation amplifiers are used liberally to pre-
vent undesired reactions among the various
mputs and out puts.

Crystal Oscillator in AFS Unit

The master erystal oscillator is designed for
temperature-coeflicient turnover near normal
room-temperature ambient conditions. It is
not temperature-controlled but has adequate
stability for most applications when operated

@
FIXED
TUNED
BUFFER FILTER FILTER

P PHASE

A o$m| I DETECTOR 47-471Mc/s e
5-51Mc/s [ 30-39Mc/s 5-5.1Mc/s
/A ISOLATION
AMPLIFIER
CONTROL CONTROL 42 Mc/s
X ISOLATION FROMAFS
AMPLIFIER PICKET FENCE
[ FROM AFS
30 TO 38 Mc/s
OW-PASS FILTER
me:/unnnow I 100-ke SPACING
LOW-PASS FILTER )
WIDE/ NARROW
4 . .
) Figure 8. Functional block
diagram of Digit-Insertion
FILTER FILTER
SWITCHING LOCK SENSING SWITCHING

DIAL LAMP
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Unit, Type 1160-DI-1.
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under reasenably constant ambient tempera-
ture; a 48-hour run on one unit, recorded con-
tinuously over a weekend in winter, with build-
ing heat cut back and re-established during the
period, showed variations of only 2 parts in 108,

When more stable operation is required, the
phase-locking circuitry shown in block diagram
form in Figure 9 can be used to establish a tight
lock to a more stable standard, such as the Type
1115-B Standard-Frequency Oscillator ¢ (see
Figure 10). The control signal, at a submultiple
of 5 Me/s, is first limited, and a sharp pulse is
formed. The 5-Mc component of this pulse is
selected in a tuned amplifier, limited by a
Schmitt trigger circuit and amplified again to
supply one input to the phase detector. The
lew-pass filter in the econtrol loop adequately re-
moves low-frequency components that might
contribute to phase jitter.

Ovutput Circuits

As has been seen, the output of the final unit
in the train of digit units is a signal between 5
and 5.1 Mec/s, which may be considered a car-
rier component at 5.0 Mec¢/s, plus a signal com-
ponent. between 0 and 100 ke/s. In the Type
1161-A Synthesizer, the Output Mixer (OM-1)
subtracts 5.0 Mc/s from this total output fre-
quency, leaving the signal component as resi-
due. In the Type 1162-A, the final DI-1 output
signal is multiplied by 10 in the Qutput Multi-
plier-Mixer (OMM-1). From the multiplied fre-
quency is subtracted 50.0 Me/s, so that, in this
case, the residue is 10 times the signal compo-
nent from the last 1DI-1 unit, ranging therefore
from 0 to 1 Me/s, depending on dial settings.

The difference frequency in this final mix (0
s H. P. Stratemeyer,”’ ‘“The Stability of Standard-Fre-

quency Oscillators,” General Radio Fxperimenter, 38, 6,
June 1964.

x 0
TO AI.L Dl-l UNITS

akfek i
to 100 ke/s or O to 1 Me/s, depending on
whether the ®M-1 or the OMM-1 is plugged in)
is fed to the final output amplifier, which is an
integral part of the main frame. The output
amplifier, when ac-coupled, is flat within 1 dB
from 30 ¢/s to well beyond 1 Mc/s. The output
impedance is low (approximately 5 ohms), and
the awvailable output voltage into loads of 50
ohms or higher is in excess of 2 volts, rms.

In the de-coupled condition, the final ampli-
fier is eliminated and the output is taken, by
way of the level-control potentiometer, from
the output mixer. In this case, the output im-
pedance is high and variable (from 0 to about 3
kilohms, depending on level-control setting).
The available open-circuit voltage is approxi-
mately 1 volt. The output voltmeter is dis-
connected in this mode of operatjon.

Power Supply (PS-1)

The plug-in power supply is conventional,
supplying 18 volts, regulated, to the balance of
the instrument. A toroidal power transtormer,
in an A-metal case, is used to minimize stray
fields.

A special input jack permits operation of the
synthesizer from batteries, if desired. The series
regulator still functions, so any battery voltage
from 20 to 28 volts will provide normal opera-
tion.

Figure 10. View of the Type 1115-B Standard-
Frequency Oscillator.

www americanradiohistorv com
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APPLICATIONS

When there is a requirement for pre-
cision frequencies selectable at will,
the combination of a stable, free-run-
ning, adjustable oscillator and a fre-
quency counter will often fill the bill,
providing one is willing to monitor the
oscillator for short- or long-term drift
and correct its tuning as required. On
the other hand, wherever an adjustable
oscillator and a frequency counter can
do a precision frequency-generating job,
a decade synthesizer will do the job
better and more reliably.

Frequency Measurement

In addition to its primary role of
frequency generation, a synthesizer will
often be found most useful in frequency
measurement by heterodyne techniques.
A lissajous figure between a frequency
to be measured and a standard fre-
quency from a synthesizer will provide
information on a continuous basis (and
without any =1 count uncertainty),
instead of as averaged over the counting
interval of a frequency counter. This is
particularly useful in working with low
frequencies, where it is necessary to
use multiple-period measurements to
achieve accuracy with a counter.

As an illustration, I periodically
measure the tuning-fork frequency of
my Accutron®* wrist watch (nominal
frequency 360 cycles per second) by
forming a 210-to-1 l.issajous pattern
with 86,100.00 ¢/s from a Type 1161-A
Synthesizer. On this display, a fre-
quency deviation as small as a part per
million can be observed instantaneously.

The above comments and examples
could, of course, apply to any synthe-
sizer capable of sufficiently fine fre-
quency steps. The (GR synthesizers,

* Registered trademark of the Bulova Watch Company.
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however, offer operational possibilities
not available, to my knowledge in any
other device of this general character.
These advantages accrue from the
unique circuitry previously described,
which permits the CAD unit to replace
a group of digits (as selected by push-
buttons) and, simultaneously, to pro-
vide a highly magniried measure of the
departure of the output frequency from
that displayed on the digit dials, as the
CAD frequency is adjusted either man-
ually or electrically.

This feature can be used to advan-
tage in measurement of the frequency
characteristics of selective passive net-
works. It is also most useful in the study
of frequency drift or of other changes in
active frequency sources, such as pre-
cision crystal oscillators.

Measurement of Active Frequency Sources

I'igure 11 is a block diagram, showing
how very small frequency changes in a
frequency source can be tracked and
recorded. The unknown frequency, f,, is
compared in a phase detector (on a
1-to-1 or n-to-1 basis, or by heterodyn-
ing) with the output frequency, f,, from
the synthesizer. The de voltage gen-
erated in the phase detector is connected
to the EXTERNAL CAD CONTROL input
of the synthesizer so that the synthe-
sizer output automatically tracks the
unknown frequency.

0 GR SYNTHESIZER
EXTERNAL CAD
A
csntmor—| - (OXOOOOOOO
— o o (-] -] (-] o o o o
PHASE &
DETECTOR C'\ ©

fo

TYPE i142-A FREQUENCY METER
AND DISCRIMINATOR

(= b
| TYPE (521 GRAPHIC LEVEL !
! RECORDER !

Figure 11. Method of tracking and recording the
drift of an unknown frequency, f,.
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TO SCOPE
OFF o 15,1 T MARKER CHANNEL
N i . BEAT —e—{ (= 1'_“_1 ¥l
Figurel2. Suggested circuit for (APPROX |.3v INPUT Oltae =15 kg ot 20k 04Tyt
generating center-frequency BEHIND 2k sl il 18 T I s

marker and side markers, for

use with slow sweeps el SInED
MARKER

(3.5v APPROX

The monitor frequency from the BeaT
terminals 1s measured or recorded. As
the synthesizer output frequency varies
in response to changes in the unknown
frequency, the beat output varies pro-
portionately, at ‘what may be a very
highly magnified rate, depending upon
which button has been pushed. I'or
example, if the drift is small, the X 1
CPS button might be used. In this case,
a change of 1 ¢/s in the synthesizer
output would produce a 10-k¢ change

in the recorded beat frequency a
magnification of 104 Smaller or greater
magnifications c¢an be used, as re-

quired, merely by operation of other
pushbuttons.

Measurement of Passive Selective Net-

works

IFigure 3 was noted briefly at the
beginning of this article as an example
of swept frequency analysis of sharply
selective circuits, with self-generated
markers. The traces of l'igure 3 were
obtained with the help of the circuit
shown in Figure 12. This circuit was
breadboarded for the purpose and is not
available in packaged form, but it can
be easily duplicated. In IFigure 12, the
signal from BraT, after a low-pass filter,
is rectified to produce the center-
frequency marker occurring when the
CAD frequency equals the replaced
digit frequency.

Side markers are produced when the
frequency at BEAT is equal to a fre-
quency injected from the side-marker
oscillator. Since we have the general

P aexe !
E
E MARKERS [+
OSCILLANOR ,1 oka sika Io.mv 1HokQ T 5yt

I5puf 33k0 3

rule that the frequency at BxaT changes
at the rate of 10 ke¢/s per major CAD
division (see page 06), a side-marker-
oscillator frequency of 10 k/ecs will
produce a secondary marker whenever
the CAD frequency is removed by one
major division from that shown on the
replaced digit dials. (A 15-ke side-
marker signal thus produces markers at
= 1.5 divisions, etec).

To produce the traces of Iigure 3,
a slowly varying de¢ voltage (obtained
from a battery connected across a va-
riable resistor with grounded center
tap) was applied to the EXTERNAL CaAD
CONTROL connector and also to the hori-
zontal input of a storage oscilloscope.
The output of the synthesizer fed the
Type 1900-A Wave Analyzer, and the
analyzer output, rectified atter passing
through the internal selectivity, was
connected to the vertical input of the
oscilloscope on channel No. 1. The out-
put of the marker generator was con-
nected to echannel No. 2, at the bottom
of the oscilloscope face.

For the display of the 3-cycle pass
band in Figure 3a, the pushbutton
under X 1 CPS was operated, and the
side-marker oscillator was set at 15
ke/s, so that the first pair of side
markers occurred at +£1.5 c¢/s. (The
second and third pair of markers are
at =3 ¢/s and 4.5 ¢/s, by harmonic
mixing in the marker generator.)

In IYigure 3b (showing both the 3-
and 10-cycle pass bands) the side-
marker oscillator was set to 10 ke¢/s,

nnnnnnn amaricanradiobhicton . coro
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Figure 13. 3-cycle pass band of the Type 1900-A Wave Analyzer recorded by the Type 1521-B Graphic
Level Recorder, equipped with an experimental plug-in for generating a sweeping voltage. Frequency
markers were generated automatically by use of the circuit shown in Figure 12.

and markers thus occur at l-cycle in-
tervals. The sweep width is the same
as in IYigure 3a.

In I‘igure 3¢, the only change 1is
that the button under X 10 CPS has
been pushed, so that the sweep width
and marker spacing are 10 times as
great as in Iigure 3b.

Permanent records on strip charts
can also be obtained by these methods.
I‘igure 13 shows the 3-cycle pass band
of the Type 1900-A Wave Analyzer
recorded 1n this way. The source of
sweeping voltage was an experimental
plug-in for the T'ype 1521 Graphic Level
Recorder, consisting of a variable re-
sistor geared directly to the paper
drive. In this arrangement, the wide-
range logarithmic¢c output of the re-

corder can be used to record the skirt

selectivity.

Similar recordings can be made with
the help of an x-v recorder. The de-
flection on one axis can be made pro-
portional to the frequency appearing
at Bear (by a frequency-to-voltage con-
verter such as the GIRR Type 1142-A, for
instance). The deflection on this axis
is thus proportional to the frequency
difference from that shown on all the digit
dzals, with scale factor as selected by
pushbutton. The CAI) can be swept
manually or electrically; in either case

the recorder deflection is strictly pro-
portional to frequency, independent of
variations or lack of linearity in the
sweeping input.

Other Applications
The availability of versatile syn-
thesizers such as those here described
and their lineal descendants will un-
doubtedly generate a myriad of uses be-
yond the simple examples noted above.
I'or instance, they can be incorporated
in phase-locked loops to control the
frequency of microwave oscillators.
Narrow-band frequency or phase-modu-
lation applications represent another
fertile field. Transmitter-exciter or re-
ceiver-local-oscillator uses are, of course,
obvious. By relatively simple circuit
modifications, two-phase outputs or
outputs with fixed-frequency difference
can be achieved. As these synthesizers
come into general use, Geéneral Radio
Company will welcome suggestions for
auxiliary equipment that will facilitate
still more varied applications.
ATHERTON NOYES, JR.
CREDITS

The Synthesizers described here would not
have been possible without the enthusiastie
efforts of George H. Lohrer and Charles C.
Ilvans, who are responsible for a major portion
of the elect ical design. Willlam F. Byers
has also been an active participant in this
program, particularly in connection with things
vet to come.
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SPECIFICATIONS

Frequency Range: Tvpe 1162-A, 0 to 1
Type 1161-A, 0 to 100 ke/s.

CAD Dial Calibration: Type 1162-A, 0.001 «¢/s
per division; Type 1161-A, 0.0001 c¢/s per
division.

Other Outputs: Type 1162-A) 0.1, 1, 5, 42, and
50 Me/fs; 5.0-5.1 and 50-51 Me/s; 18 volts de.
Type 1161-A, 0.1, 1, 3, and 42 Me/s; 5.0-5.1
Me/s; 18 volts de.

Spurious Frequencies: Type 1162-A, at least
60 dB down. Type 1161-A, at least 80 dB down.
Harmonics: At least 40 dB down.

Output Level: Adjustable, 0 to 2 volts into 50
ohms. OQutput control and meter included.
Output Response: =1 dB3, 50 ¢/s to maximum
frequency. Output also available down Lo de
at high impedance and lower voltage.

60- and 120-Cycle Sidebands: At least 60 dB
down (Type 1162-A), at least 80 dB down ("I'yvpe
1161-A).

Me/s;

Internal Standard: Room-temperature crystal
oscillator. Temperature coefficient of frequency
is approximately 1 x 1077/°C at room tem-
perature. A front-panel frequency adjustment
is provided. Crystal frequency can be locked
to external standard.

Power Required: 115/215/230 volts, 50 to 60

cfs or 100 ¢fs, 55 watts, or 20- to 28-volt
battery, 1.8 amperes.

Cobinet: Rack-bench: end frames for bench
mount and fittings for rack mount are in-
cluded.

Dimensions: Bench model — width 19, height
aly, depth 1419 inches (485 by 135 by 370
mm), over-all; rack model — panel 19 by

5l4 inches (485 by 135 mm), depth behind
panel 13 inches (330 mm).

Net Weight: 38 pounds (17.5 kg).

Shipping Weight: 45 pounds (20.5 kg).

TYPE 1162-A COHERENT DECADE FREQUENCY SYNTHESIZER O to 1 Mc¢/s

Calilrated Digits 2 _
e et Swmallest Step
T ype Units 'neluded Decades Only  Decades + CAD* | (Digits Only) Price
1162-A7C 7 DI Units 4+ CAD | 7 9 0.1 ¢/s $5600.00
1162-A6C 6 DI Units 4+ CAD | 6 8 1 ¢/s 5160.00
1162-AS5C 5 DI Units + CAD 5 7 10 ¢/s 4720.00
1162-A4C 4 DI Units + CAD 4 6 100 c/s 4280.00
1162-A3C 3 DI Units + CAD 3 5 1 ke/s 3840.00
1162-A7 7 DI Units 7 0.1 c/s 5100.00
1162-A6 6 DI Units 6 1 /s 4660.00
1162-AS 5 DI Units 5 10 /s 4220.00
1162-A4 4 DI Units 4 100 /s 3780.00
1162-A3 3 D1 Units 3 1 ke/s 3340.00

TYPE 1161-A

COHERENT DECADE FREQUENCY SYNTHESIZER O to 100 kc/s

Caltbrated Digils ; .
L — 1 Smallest Step
Ty pe Units Inclwded Decades Only  Decades + CAD* | (Digits Only) Price
1161-A7C 7 Dl Units + CAD 7 9 0.01 c¢/s $5460.00
1161-A6C 6 Dl Units — CAD 6 8 0.1 ¢/s 5020.00
1161-AS5C 5 DI Units + CAD 5} 7 1.0 c/s 4580.00
1161-A4C 4 DI Units + CAD 4 ) 10 /s 4140.00
1161-A3C 3 DI Units -+ CAD 3 &) 100 c/s 3700.00
1161-A7 7 DI Units 7 0.01 ¢/s 4960.00
1161-A6 6 DI Units 6 0.1 ¢/s 4520.00
1161-AS 5 DI Units 5 1.0 ¢/s 4080.00
1161-A4 4 DI Units 4 10 ¢/s 3640.00
1161-A3 3 DI Units <] 100 ¢/s 3200.00
* Direct rending. If CAD is calibrated in terms of the step decades
#t least one more significant igure ¢nn be added.
DECADE MODULES
Type Price
1160-DI-1 Step Decade $450.00
1160-CAD Continuously Adjustable Decade 510.00

(Including Colibrating Mixer)

7. 3. Patent No. 2.518,1457. Patents Pending.
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FOR THE GRAPHIC LEVEL RECORDER

The Type 1521-A Graphic lLevel Re-
corder! has, in the f{ive wears since its
introduction, seen service In many
branches of physical sciences and engi-
neering. A successor instrument, the
Type 1521-13, now offers specialists in
acousties, vibration, and sonar a low-
frequency response extended down to 7
cycles per second. Several new ac-
cessories are also being added to the
growing line of equipment designed to
ensure proper use of the recorder with
rarious Gieneral Radio analyzers and
signal sources. To simplify the job of
choosing the right accessories, we are
now listing, under distinct type num-
bers, measurement systems including
analyzer or oscillator, recorder, and the

M. C. Holtje and M. J. Fitzmorris, “A Graphic Level
Pecorder with High Sensitivity and Wide Ranges,”
General Radio Experimenter, 33, G, June 1959.

INPUT AT TENUATION
36
40ah POTENTIOMETER
TYPE ISE-PR

OAMPIRG

appropriate link and drive units, chart
paper, and other accessories.

The Type 1521-13 Graphie Level Re-
corder is, like its predecessor, a com-
pletely transistorized, single-channel,
servo-type recorder, which plots the
rms magnitude of an ac voltage en a
logarithmic (dIB3) scale. Plug-in poten-
tiometers provide full-scale ranges of
20, 40, and 80 dB, as well as a linear
range for de recording. Recordings can
be made as a function not only of time
but also of frequency if the recorder is
mechanically coupled to an oscillator
or analyzer. This technique produces
frequency-response plots automatically
in a matter of seconds.

Frequency Response and Writing Speed

The low-frequency response of the
new recorder is less than 0.1 dI3 down at

SHAPNIG LEVEL AEOORDER
2 - CHART DRIVE
= OFF

ovamesn  maeETTTE Wa s

Figure 1. View of the Type 1521-B Graphic Level Recorder.
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Figure 2. Low-frequency response of the Graphic Level Recorder for various posi-

tions of the low-frequency cutoff switch.

20 ¢/s, less than 1 dB down at 7 e¢/s,
and 3 dB down at 4.5 ¢/s (see Iigure 2).
This extended low-frequency response
requires a greater detector time con-
stant, reducing the ability of the re-
corder to follow rapid changes in level.
Theretfore, writing speed and detector
time constant are switched together, so

that the user can improve low-fre-
quency response at the expense of
TABLE 1

WRITING SPEED AND
LOW-FREQUENCY CUTOFF

16

J!;I._..ij; i

Low-Irequency
Writing Speed Cutoff ofs
i/ sec (Response down 1 d13)
20 100
10 20
g8 F
1 ‘£

e

writing speed or vice versa. Table |
shows the four writing-speed positions
and their correspondimg cutoff frequen-
cies. This information is engraved on
the front panel.

The sine-wave frequency response for
the three low-frequency cutoffs is shown
in Figure 2. l'or audio-band sweeping,
the 20-cycle cutoff position is usually
satisfactory. Ifor greater accuracy at
low frequencies, the 7-cyvele cutott must
be used, but the reduced writing speed
requires correspondingly  low sweep
speeds. Above 50 ¢/s, the writing speed
and sweep speed can be increased
during sweep minimize over-all
and error.
shows the response of the
a l4-octave band of noise.

to

sweep Lime
Figure 3
recorder to

|
T
+

rreoumncy wuLTeues @ 0 0w rexs

o M vl rave
3 vim seTave

b S & § 63
FREGUERCY wMULTIFNN [T 1 J!O 0 oo

Figure 3. Low-frequency response of the Graphic Level Recorder to Va-octave band
of pink noise, with a writing speed of 1 in/sec.

WA americanradiahicton. com
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ACCESSORIES
Potentiometers
A 40-dB potentiometer is supplied;
20-dB, 80-dB, and linear potentio-
meters are available as accessories.

Motors

Accessory motors (50-cycle and 60-
cycle) are available for slow-speed and
medium-speed chart drive. The slow-
speed motors produce chart speeds of
2.5 to 75 in/hr, a reduction by a factor
of 60 from the speeds available with the
standard high-speed motor. The new
medium-speed motors, Type 1521-1’23
(60 c¢/s) and Type 1521-P24 (50 c¢/s),
are especially recommended for use with

analyzers. The speed at which an
analyzer can be swept is inversely
proportional to its bandwidth. The

Type 1900-A Wave Analyzer has a
constant bandwidth of 3, 10, or 50 c¢/s
and therefore requires a constant sweep
speed over the full 0- to 50-ke¢ band-
width of the instrument. These new
motors provide chart speeds of 0.5 to
15 in/min, speeds ideally suited to the
10- and 50-cycle bandwidths.

With the constant-percentage-band-
width Type 1564-A Sound and Vibra-
tion Analyzer, the slowest speed of the
medium-speed motor (0.5 in/min) is
recommended for sweeping near 4.5 c/s.
The sweep speed can then be increased
to 5 in/min or more on the 25- to 250-
cycle range.

The mounting of the new motor has
been designed to reduce the coupling
of the motor noise to the gear box.
The resulting acoustic noise is prac-
tically inaudible, an important con-
sideration for acoustical measurements.

Drive and Link Units for Automatic Plotting
The new Type 1521-PP10B Drive
Unit (I'igure 4) is designed to couple the

SEPTEMBER 1964

recorder to all General Radio oscillators
and analyzers. When attached to the
front of the recorder, it is used, in con-
junction with a link unit, to couple the
chart drive of the recorder to the dial of
the frequency source or analyzer (see
IFigure 5). A continuous-adjustment
clutch permits the recorder to be syn-
chronized with the oscillator (or anal-
yzer) dial in the idle position and then
engaged in the DRIVE or NON-SLIP
position. The prIvE position includes a
slip feature that will protect an instru-
ment containing a dial stop (e.g., the
older Type 1554-A Sound and Vibra-
tion Analyzer and older models of the
Type 1304-B Beat-I'requency Audio
Generator). The NoN-sLIP position is
recommended for use with the Type
1900-A Wave Analyzer and other in-
struments requiring greater driving
torque.

Cam-operated switches in the new
drive unit turn the recorder motor off
at the beginning and end of a sweep.
A switch in the recorder can engage or
disengage the Microswitches. These
cams are easily set and do not have to

Figure 4. View of
the Type 1521-P10B
Drive Unit.

RSE LIMIT SWITCH
AT REAN O15C CW

=, e
CRUTION

) AL
IDLE  MORNE NON-SLIP
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be disengaged mechanically when they
are not being used.

The new Type 1521-1’15 Link Unit is
used to connect the recorder and drive
unit to the Type 1304-B Beat-I're-
quency Audio Generator or the Type
1554-A or 1564-A Sound and Vibration

Analyzer. (The Type 1900-A Wave
Analyzer is coupled by the Type

1900-P1 Link Unit.) The new link unit
includes a 24-tooth sprocket to provide
a scale factor of 30 dB/decade. (Scale
factor, for a logarithmie chart, is the
product of dB/in on the vertical scale
and in/decade of frequency on the
horizontal scale, expressed in dB/dee-
ade.) This factor 1i1s endorsed
in the current EIA standard and is used
on the GR Type 1521-9427 chart paper
used with the Type 1304-B Beat-
Frequency Audio Generator. Because
many users have expressed preferences
for other scale factors, we have designed
the new unit for easy interchangeability
of sprockets, and we are making avail-

scale

TABLE Il INDUSTRY SCALE FACTORS
Decade
Scale Factor Fength (¢nches) for Sprocket Dot
Industry Standard (dB/decarle) Type 1304 Generator (teeth) (d13)
Institute of High
Iidelity Manufacturers 20 2.0 16 40
I’roposed International
Standard 25 2.5 20 10
I“lectronie Industries
Association 30 3.0* 24 40
Institute of High
I'idelity Manufacturers 20 1.0 32 20)
Hearing Aid Industry 15 4.5 36 10
P’roposed International
Standard 50 5.0 40 40
Proposed International
Standard 50 H.0** 16 40
* Chart. paper nvailable for Type 1304-B Beat-Frequency Audio Generator.
** Decade length applies to T'ype 1554-A Sound and Vibration Analyzer; chart paper available.

EXPERIMENTER

Figure 5.
View of the Type 1350-A
Generator-Recorder Assembly.

able a kit (Type 1521-P16) that in-
cludes sprockets with 16, 20, 32, 36,
and 40 teeth. The 16-tooth sprocket,
used with the Type 1564-A Sound and
Vibration Analyzer and with our Type
1521-9469 chart paper, results in a
scale factor of 50 dB /decade.

Table II lists the scale factors corre-
sponding to the various sprockets in the
sprocket kit, along with the industries

www americanradiohistorv com
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supporting these scale factors. Although
we currently catalog chart paper for
only the 30- and 50-dB/decade scale
factors, we shall be glad to recommend

SEPTEMBER 1964

other suppliers to users sending us a
description of the chart desired, in-
cluding decade length, vertical scale,
etc.

MEASURING AND RECORDING ASSEMBLIES

The recorder can be used in conjunction
with an oscillator or analyzer to plot directly
frequency-response data of networks or sys-
tems. The setup for these measurements re-
quires the recorder, an oscillator or analyzer,
a drive unit, and a link unit. This equipment
is assembled and supplied as a complete system
under a separate type number. The user will
find it advantageous to purchase the system
in this manner, since our recommended com-
bination of instruments, parts, and chart paper
will automatically be supplied.

Type 1350-A Generator-Recorder
Assembly

This is a most useful automatic system for
measuring the audio-frequency characteristics
of filters, attenuators, networks, loudspealkers,
microphones, transducers, and complete acous-
tic systems (see Figure 5). The Type 1304-DB
Beat-Frequency Audio Generator is an ideal
oscillator for such measurements, since it has
a truly logarithmic frequency dial and an out-
put-voltage variation of less than 0.25 dB as the
oscillator is swept. Examples of measurements
made with this system are shown in Figure 8.
Notice the impracticability of a point-by-point

frequency-response plot of the sound level in a
roonu.

In addition to the generator and recorder,
the Type 1350-A Generator-Recorder includes
drive and link units, a kit of sprockets, and a
muting switch. The switch short-circuits the
output of the oscillator during the blank part
of the dial or at low frequencieg, so that loud-
speakers or systems can be protected while the
recorder is continuously swept. Because the
blank parts on the chart paper correspond to the
length of the blank portion on the dial, succes-
sive charts can be recorded with synchroniza-
tion of the chart and the dial frequency.

Type 1210-A Recording Wave Analyzer 2

The linear frequency scale, the three band-
widths (3, 10, and 50 ¢/s), and the high-level
80-dB dynamic-range output of the Type
1900-A Wave Analyzer make it an ideal com-
panion instrument for the Type 1521-B Graphic
Ievel Recorder (see Figure 6). An example
of a measurement made with the Recording
Wave Analyzer is shown in Figure 9.

2 Arnold Peterson, ‘‘ New Wave Analyzer Has 3 Band-
widths, 80-dB Dynamic Range,’’ (General Radio Ezxperi-
menter, 38, 4, April 1964.

Figure 6. View of the Type 1910-A
RecordingWave Analyzer.
Figure 7. View of the Type 1911-A

Recording Sound and Vibration Analyzer.
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Figure 8. Records of the frequency response of a public address system, taken with (fop) maximum
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Figure 11. Recording of noise level in a cafeteria with both fast and slow writing speeds and 40-dB
potentiometer.

Type 1211-A Recording Sound and Vibra-
tion Analyzer

This assembly is based on the Type 1561-A

Sound and Vibration Analyzer3, which has
constant-percentage bandwidths of 14 and 1/10

octave and a frequency range of 2.5 to 25,000
c/s (Figure 7). This analyzer includes two
features especially important in recording: an
automatic frequency-range-changing device and
a built-in muting switch that short-circuits the
output during the blank part of the dial. The
extended low-frequency response of the new
recorder greatly enhances its use with the Type
1564+-A Sound and Vibration Analyvzer for

3 W. R. Kundert, ‘“ New Performance, New Convenience
with the New Sound and Vibration Analyzer,"” Gen<ral

Radio Experimenler, 37, 9 and 10, September-October
1963.

vibration measurements. The recorder can be
used down to 4.5 ¢/s (3 dI3 down) if a response
plot of the recorder itself is first made and then
compared with the recording made with the
analyzer. Figure 10 is an example of a recorded
vibration measurement. Another example is
our reduction of the acoustic noise in the chart-
drive system of the recorder itself. The recorder
analyzed its own acoustic noise with the Type
1564-A Sound and Vibration Analyzer and
a sound-level meter. The resulting data were
observed for peaks in sound level. These were
found to be the fourth and fifth harmonics of
the motor pinion gear mesh, amplified by the
gear-box mounting plate. Isolating the motor
from the gear box solved the problem, reducing
the noise until it was practically inaudible in
a quiet room.

Figure 12. View of the Type 1521-B Graphic Level Recorder
with the Type 1551-C Sound-Level Meter.

Figure 13. View of the Graphic Level Recorder
bench-mounted with the Type 1151-AP Digital
Time and Frequency Meter and the Type 1136-A
Digital-to-Analog Converter.

T
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Level-vs-Time and DC Recording converted to a 1-mA dc recorder by means of

The Type 1521-B Graphic Level Recorder,
like its predecessor, can also be used for level-
vs-time recordings, as, for instance, in the meas-
urement of sound level over long periods of
time (see Figures 11 and 12). In addition. the
Type 1521-B Graphic Level Recorder can be

the Type 1521-P4 Linear Potentiometer. The
high speed and accuracy of this servo-type dec
recorder make it useful with the Type 1136-A
Digital-to-Analog Converter and the Types
1150-AP and 1151-AP Counters (see I'igure 13).

— Manrrtin W. BascH

SPECIFICATIONS

Recording Range: As supplied, 40 d13 full-scale;
20-dB and 80-d B ranges are also available. For
de recording, 0.8 to 1 volt (0.8 to 1.0 mA)
full-scale, with zero input position adjustable
over full scale.
Frequency Response and Writing Speed

Level Recording: High-frequency response
+2 dB to 200 ke/s. Low-frequency sine-wave
response depends on writing speed, as shown
in following table:

Low-F'requency
Cutoff ¢/s (less
than 1 dBB down) o

Writing Speed (approx)
in/sec with 0.1-inch
overshoot

Medium-speed motor (supplied on request):
0.5, 1.5, 5, 15 in/min. Used with analyzers and
in level-vs-time recordings.

Low-speed motor (supplied on request): 2.5,
7.5, 25, 75 in/hr. Used for level-vs-time meas-
urements of long duration (1 to 24 hours).
External DC Reference: An external de reference
voltage of from 0.5 to 1.5 V can be applied
internally to correct for variations of up to 3
to 1 in the signal source of the system under
test.

Detector Response: IRmis within 0.25 dB for
multiple sine waves, square waves, or noise.
Detector operating level is 1 volt.

20 100 Chart Paper: 4-inch recording width on 5-inch
10 20 paper. All rolls are 100 feet long. See full list of
3 7 charts at end.

(3 dB down at 4.5 cfs)
1 7
(3 dB down at 4.5 c/s)
DC Recording: 3 dB3 down at 8 ¢/s (peak-to-
peak amplitude less than 259% of full scale).
Potentiometer Linearity

Accessories Supplied: 40-d13 potentiometer,
2 pens, 2-ounce bottle of red ink, 2-ounce bottle
of green ink, bottle of potentiometer cleaner,
1 roll of Type 1521-9428 paper, droppers for
filling pens, Type CAP-22 Power Cord, spare
fuses, adaptor cable for connection to sound-

20-, 40-, 80-dB Potentiometers: +19% of measuring equipment and to other devices
full-scale dBB value plus a frequency error of having telephone jacks.
0.5 dB at 100 ke/s and 1.5 dB at 200 ke¢/s. Accessories Available: PPotentiometers, charts,

Linear Potentiometer: =19 of full scale.
Resolution: £=0.25% of full scale.
Maximum Input Voltage: 100 volts ac.
Input Attenuator: 660 d13 in 10-dB steps.
Input Impedance: 10,000 ohms for ac level record-
ing; 1000 ohms for de¢ recording.

ink, high-, medium- and slow-speed motors,
drive and link units, as listed in price table.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 60 c¢/s, 35 watts. 50-cycle models are
available.

Cabinet: Rack-bench.

Maximum Sensitivity: 1 mV at 0 dB for level Dimensions: Bench model — width 19, height
recording; 0.8 V full-scale for de recording. 9, depth 1314 inches (485 by 230 by 350 mm),
Paper Speeds over-all; rack model — panel 19 by 837 inches

High-speed motor (normally supplied): 2.5,
7.5,25, 75in/min. Used for high-speed-transient

(485 by 225 mm), depth behind panel 1114
inches (290 mm).

measurements and production testing with  Net Weight: 50 pounds (23 kg).
Type 1304 Audio Generator. Shipping Weight: 62 pounds (29 kg).
Supply Paper
Type Mounting Frequency Speed Price
1521-BR Rack 60 c/s 2.5-75 in/min $995.00
1521-BM Bench 60 c/s 2.5-75 in/min 995.00
1521-BRQ1 Rack 50 c/s 2.5-75 in/min 995.00
1521-BM Q1 Bench 50 c/s 2.5-75 in/min 995.00
DRIVE AND LINK UNITS FOR COUPLING TO GENERATORS AND ANALYZERS
1521-P10B Drive Unit to operate any link unit $72.00
1521-P15 Link Unit for coupling to Type 1304-B Beat-Frequency Audio Generator 26.00
or to Type 1554-A or Type 1564-A Sound and Vibration Analyzer
1521-P16 Sprocket Kit for above link unit. These sprockets offer a choice of the fol- 15.00
lowing scale factors (ratio of dB/inch vertical scale to decades/inch on
horizontal scale): 20, 25, 45, and 50 dB/decclde.
1900-P1 Link Unit for coupling to Type 1900-A Wave Analyzer 35.00
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CHART PAPER

SEPTEMBER

1964

Calibration Chart Length (in) Assoctated

Type Horizontal Vertical(Dir) | Calibrated | Blank Instrument Price
1521-9427 20 c/s-20 kc/s, log 80 9 42 1304-B Generator $2.75
1521-9464 0-10 kc/s, linear 40 20 (0} 1900-A Analyzer 2.75
1521-9465 0-50 kc/s, linear 40 16 0 1900-A Analyzer 2.75
1521-9493 2.5-25 normalized, log 40 72 12 1564-A Analyzer 2.75
1521-9469 2.5-25 normalized, log 40 5 1 1564-A Analyzer 2.75
1521-9463 2.5 c/s-25 kc/s, log 40 18 3 1554-A Analyzer 2.75
1521-9429 25-7500 c/s, log 40 122 1 760-B Analyzer 2.75
1521-9428 Continvous V4 -in div 40 continuous 2.75
1521-9466 Continuous %8 -in div 50 continuous l])]/aAA-C}:)’nll?tée-rl: 2.75

Type MOTORS Price
1521-P19 (high-speed, 60 c/s) for paper speeds of 2.5 to 75 in/min $59.00
1521-P21B (high-speed, 50 c/s) for paper speeds of 2.5 to 75 in/min 65.00
1521-P23 (medium-speed, 60 c/s) for paper speeds of 0.5 to 15 in/min 59.00
1521-P24 (medium-speed, 50 c/s) for paper speeds of 0.5 to 15 in/min 65.00
1521-P20B (low-speed, 60 c/s) for paper speeds of 2.5 to 75 in/hr 59.00
1521-P22 (low-speed, 50 c/s) for paper speeds of 2.5 to 75 in/hr 65.00

RECORDING ASSEMBLIES

Factory assembled and ready to use. End frames and rack supports
supplied for bench or relay-rack mounting.

Type 1910-A Recording Wave Analyzer

Component Units
Type 1900-A Wave Analyzer
Type 1521-B Graphic Level Recorder with me-
dium-speed motor and recorder accessories

Type
Type
Type
Type
Type

1521-P10B Drive Unit

1900-P1 Link Unit

1521-9464 Chart Paper, 10 rolls
1521-9465 Chart Paper, 10 rolls

1521-P3 80-dB Potentiometer (inaddition)

to 40-dB Potentiometer included with recorder)
Type 1560-P95 Adapter Cable (phone to double

plug)
Type Price
1910-A |Recording Wave Analyzer $3500.00
(60-cycle supply)
1910-A Ql Recording Wave Analyzer $3500.00

(50-cycle supply)

Type 1911-A Recording Sound and Vibration Analyzer

Component Units
Type 1564-9820 Sound and Vibration Analyzer,
Rack Model

Type

1521-B Graphic

Level Recorder with

medium-speed motor and recorder accessories
Type 1521-P10B Drive Unit
Type 1521-P15 Link Unit (with interchangeable

16- and 24-tooth sprockets)

Type 1521-9469 Chart Paper, 10 rolls

Type 1560-2141 Adaptor Cable, double plug
to offset phone plug
Type I Price
1911-A |Recording Sound and Vibration
Analyzer (60-cycle supply) $2315.00
1911- AQIl| Recording Sound and Vibration
Analyzer (50-cycle supply) $2315.00

Type 1350-A Generator-Recorder Assembly

Component Units
Type 1304-B Beat-Frequency Audio Generator

Type 1521-B Graphic Level

Recorder and re-

corder accessories

Type 1521-P10B Drive Unit

Type 1521-P15 Link Unit

Type 1521-P16 Sprocket Kit

Type 1304-P1 Muting Switch

Type 1521-9427 Chart Paper, 10 rolls

Type 1560-P95 Adaptor Cable, phone to double

plug

Type 274-NP Patch Cord, double plug to double

plug
Type I I Price
1350-A Generator-Recorder Assembly
(60-cycle supply) $2000.00
1350-AQl Generator-Recorder Assembly
(50-cycle supply) 2000.00

The Type 1304-P1 Muting Switch supplied with the Type
1350-A assembly is available separately for $37.50.

T aeT T aionStory . com
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Coming in September

ELECTRONIC INSTRUMENT MANUFACTURERS” EXHIBIT

Boston to W ashington, D.C.

Nine leading manufacturers of elec-
tronic instruments have joined together
to present the I‘ifth Annual Elec-
tronic Instrument Manufacturers’ Ex-
hibit (KIME), which will open Septem-
ber 21 in Massachusetts, make six
one-day stands in New York, New Jer-
sey, and Pennsylvania, and close in
Washington, D.C. on October 8.

As before, EIMIC will offer operating
displays of the latest in instrumenta-
tion, plus the chance to discuss meas-
urement problems with factory engi-
neers. A new feature of this year’s
EIME is a series of technical sessions,
at which engineers from the nine par-
ticipating companies will give short
formal talks on various instrumentation
and measurement subjects. These talks
will run consecutively throughout the
day.

Lynnfield, Massachusetts
Syracuse, New York

Bethpage, Long Island

Cedar Grove, New Jersey
North Plainfield, New Jersey
Philadelphia, Pennsylvania
Red Bank, New Jersey

W ashington, D. C

Monday, Sept 21
Wednesday, Sept 23

Monday, Sept 28

Wednesday, Sept 30
Thursday, Oct 1
Monday, Oct 5
Tuesday, Oct 6
Thursday, Oct 8

General Radio will exhibit its new
Type 1162-A Coherent Decade Ire-
quency Synthesizer, Type 900-LLB Pre-
cision Slotted Line (and recording sys-
tem), Type 1150-BH 1-Mec Digital
Frequency Meter, Type 1396-A Tone-
Burst Generator, Type 1806-A Iilec-
tronic Voltmeter, Type 1900-A Wave

Analyzer, Type 1025-A Standard
Sweep-Frequency Generator, Type
1644-A Megohm Bridge, and Type

1115-B Standard-I'requency @scillator.

Sponsors of EIME, in addition to
GR, are: Ampex Corporation, Brush
Instruments, Keithley Instruments, Inc.,
Lambda Ilectronics, Non-Linear Sys-
tems, Inc., George A. PPhilbrick Re-
searches, Inc., Singer Metrics Division
(Panoramic Instruments and Sensitive
Research Instruments).

The complete EKIME schedule:

Colonial Country Club, Route 128
Randolph House, Exit 37,
N. Y. State Thruway
Holiday Manor, Hicksville Road,
south of Grumman
Friar Tuck, Route 23
W ashington House, Route 22
‘Marriott Motor Hotel
Molly Pitcher Hotel
International Inn

General Radio Company
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