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quite properly be applied to any of a
variety of devices. For instance, a
type of radio transmitter widely used
for aircraft ecommunieations synthesizes
a large number of channels by combin-
ing frequencies selected from groups
of independent crystals. Such syn-
thesizers are not “frequency coherent,”
since the output frequency reflects
the individual errors of several crystal
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.

An example of coherent frequency
synthesis is found in the -eircuitry
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 frequeney is produced,
such a device is limited to its special-
purpose use.

Members of a rapidly growing class
of general-purpose frequency synthe-
sizer, in which the new GR designs

Figure la. 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, usnally selectable on a decimal-
digit basis. This article will deseribe
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 continnous,
smooth coverage of any chosen part
of the frequency band, from very wide
to very narrow at will; and, third,
circuitry for the generation of precision
frequency markers, Frequencies 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 Ib show the
two GR synthesizers. The physical re-
semblance 18 no accident; the units are
designed to be nearly identical. In
fact, one ean be transformed into the
other by the change of one plug-in
module,
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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
is 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. For 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-cyele 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,
can functionally replace all digit dials
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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 self-calibrating fea-
ture for the CAD, explained in detail
later, the partially equipped madels,
such as the Type 1162-A4C illustrated
in Fligure 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 unigque 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

®
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Figure 2. A partially equipped instrument, Type
1162-AA4C, top and panel views.

frequencies. The synthesizers thus be-
come sweep-frequency generators, eapa-
ble of being swept with precision over
frequency bands ranging from a fraction
of a eycle to many kiloeyeles. Figure 3,
which will be discussed in more detail
later, is an example of this sort of
application. The 3-, 10-,"and 50-cycle
passhands of the GR Type 1900-A
Wave Analyzer are shown displayed on
a storage oscilloscope, with accom-
panying center frequency and side
markers at small and precise intervals

o 1.5 ~s MARK ERS b
3~ Pass Band

1.0 A MARKERS s
3uand 10 ~Pass Bands

10~ MARKERS
3u, 10y, and 50~ Pass Bands

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

The ecircuits of these synthesizers
have been packaged in modules care-
fully chosen as funetional elements,
which can be combined in a variety of
ways fto satisfly either general-purpose
or specialized requirements. The plug-in
modules are pictured in Figure 4 and
are briefly deseribed in the following
paragraphs. All module circuitry is
solid-state and is mounted on one side
ouly of the etched boards. I'or 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 Figures 1 and 2,

Continuously Adjustable Decade—
Type 1160-CAD. One of these units is
used in 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.

-
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Ancillary Frequency Source—AFS, In
this assembly is the 5-Me¢ master
erystal oscillator from which all fre-
quencies used in the synthesis are de-
rived. It provides an additional output
at 42 Me/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 Me/s.
This picket fence is 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
is not installed in a particular assembly,
this mixer is omitted also.

Output Mixer OM-1and 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.

e A

b,
Y

Figure 4. The basic modules of o Type 1161-A or o Type 1162-A Synthesizer, Left to right {front),

Digit-Insertion Unil, Continvously Adjustable Decade, Power Supply, Ancillary Frequency Source;

(rear) Calibrating Mixer and Oulpul 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,

Iligure 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 AIF'S 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 eirceuits, 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. Behind each
dial is a digit unit. The signal flows
through this synthesizing portion of
the instrument from right to left, enter-

®

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 switeh behind it in the sandwich
deck performs the following two fune-
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 funetionally 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.

SEPTEMBER 1964

Menitor Switch and Mixer

The moxtTOR switch, in its counter-
clockwise position (cap cav), 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 frequenecy of the
replaced group of digit units, indieating
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.

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

When the soxrror switeh is in its
central position (ovrevr vours), the
meter measures the voltage at the main
output connector, with a secale range
from 0 to 2 volts, rms. With a 50-0hm
loud or higher, the output ean always be
adjusted to 2 volts or more, by means
of the ovrrvr LEVEL control, at any
frequency above 30 ¢/s.

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

When a locking signal is introdueed
(through u jack at the rear of the in-
strument) and the moxtroRr switch isin
its clockwise position (Lock To BEXT
sTn), the meter verilies proper phase
lock of the erystal oscillator to the
standard.

External CAD Control and Deviation
Indication

The Continuously Adjustable Deeade
(CADY) can operate in cither of two
maodes, as selected by the coaxial lever
switeh ot the right of its dial. When this
switeh seleets the inTRRNAL LOCK mode,
the CAD s highly stable, sinee its
output frequency is a synthesis of a
relatively large erystal-locked frequency
and a small contribution from an ne
oscillator.

In the ExTERNAL coNTROL mode, the
CAD output is derived completely from
a continuously tunable Lo oscillator,

IE€T
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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 cap is switched to the exrig-
~NaL conTrROL mode, the dial light of the
cap is dimmed as an indication to the
operator that the switech is in this
position.

As marked on the panel, a control
signul of —0.3-volt 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 elee-
tronie control is used, the beat fre-
quency appearing at the sear binding
posts is strictly proportional to the
deviation of the CAD [requency 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
e/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 is 0.)

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 erystal oscillator. It may be used
vither to set the free-running frequency
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Figure 6. Signel traversing a
typical Digit-Insertion Unil.

accurately against a reference or, if the
synthesizer is phase-locked to an ex-
ternal standard, to adjust for optimum
locking conditions. The other screw-
driver control operates a switch that
changes the normal ae-coupled output
cireuit 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
I 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 inerements as small
as may be desired,

THE SYNTHESIZING PRINCIPLE
USED IN GR SYNTHESIZERS

tach DI-1 module in the synthesizer
receives an input signal at about 5
Me/s, modifies the frequeney 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. Figure 6 is an
elementary diagram showing the essen-
tial processes performed in a DI-1 unit.

In Figure 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.

The 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

Ta=Ff~+1L;, ki/s (n)
and the output frequency by

Jowi =fe+ [, kefs (2)

then the DI-1 unit performs operations
so that:

Joue=fe + Iri + 10d  ke/s (3)
10
or
J: :
S =—"+10d ke/s (4)
10
where
Sine fowr = total input and output
frequencies.
S = carrier component, invar-
iant.
Jig = gignul componeht of input.
) = signal component of out-
put.
o = selected digit, from 0 to

9 in integral steps.

I'or convenience in following fre-
queney 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 (4).

Figure 7 shows four DI-1 units (A,
B, C, D), each with digits selected as
indicated, and the signal-component
flow through the train, from right to
left. Observe the correspondence he-
tween the signal component of output
frequeney from unit A (24,30 ke/s) and
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of desired signal 39 Nese 1
companent. ouTpyT" FRESUENEY ineut “ErEdtency
=5024.39 xc/u SIGNAL FLOW * 3000.00ke/a
the digit dial settings (2439). It is 2) Add to this a digit component

clear that the output frequency from
any unit in such a train of digit units
will have a signal component that is,
in kiloeyeles per second

10y 4 s 4+ 0.1 oy
+ 001y + . ..

where (fy represents the dialed digit
on the unit at which the output fre-
queney is measured, and s through
represent digits dialed on suecessive
units to the right.

Equnation (4) defines the two funda-
mental operations performed on the
signal component by each digit unit,
which permit frequency synthesis in
steps as small as may be desived, These
operations are:

1) Divide the
ponent by 10,

(D)

input signal com-

OPERATING

The Digit-lnsertion Unit (DI-1)

The prineiple of the Digit-Insertion Unit is
the dual of thut of the familiar ervor moltiplior
sometimes used to magnify smoll frequeney dif-
forenees by successive subtructions and multi-
plientions. In the Digit-Insertion Unit, in con-
trast, we add and divide, to mamicfactire small
dilferences.

Ag shown at the right of Figure 8, the total
mput signal to g digit aoit les between 5 and
5.1 Me/s, T this is added 42 Me/s generated
coherently from the master erystal vseillator.
To the resulting som frequency, which lies be-
fween 47 unil 47,1 Me/s, is added the digit
commponent. The digit component may be any
one ol 10 freguencies from 3.0 0o 3.9 Me/sin 0.1-
Me steps. The desired digit component is se-
lected by means of a phase lock between an

534 Main Street, Westbury, NY 11590
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that is 10 times the disled digit (in
ke/s), and pass the result on to the
input of the next DI-1 unit in the train.

This general principle is not new.
It was disclosed in print at least
ag early as 1952' and has been util-
ized in a number of modern applica-
tions,* # 4.5 However, the grouping of
necessary cireuits into a train of identi-
cal digit units, each of which performs
the two listed operations, has made
possible  the very versatile Types
LIGI-A and 1162-A Synthesizers and
forthcoming members of this family.
‘A!-lsn'lha—n Putent No. 148412, " Frequency Synthe-
sizer,” Accepted 29 Seprember 1952, \muagmnmed Wire-
|(‘2‘5 Lid.

3. Patent No. 2,828,255, " Digital Frequency Synthe-
mrl,rﬁ\«‘sl.rm -\hnll 1938, V. W. Bolie.
PR, Pateny No., ..HJOHS 2 r\ppuml.us for Genersting
Frenqueneies,” March 20, 1900, A. F.
11, B, Patent No. J"I.H ?IH. "\'nnnbln [-rnqnennr Syn-
Lllmn.er" Aprl 26, 1 W Smith.

" 17,8, Pateni No. "5 ?m *Diggit Controlled Prequency
Synthesizer,” Mareh 17, 1064, Stone & Hastings,

PRINCIPLES

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

The ontput frequency from the digit unit is
one=tenth of this, and therefore lies once more
between 5.0 and 5.1 Me/s. Note that the signal
component of the total inpat 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, i= 10 times the
dialed digit, as specified in equation (4),

In the DI-1 unit the division by 10is 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 cireuits extinguizh the dial
lighting if there is no loek. The capture range
for ench oscillator is so far in excess of reguire-
ments, however, that such failure is rare,

Observe that the choice of frequencies used
in the nbove synthesizing proeess is such thut
no low-order spurious products approach coin-
cidence in any of the mixers. This means that
ull important spurions frequencies are relatively
far removed from the desired signals and that
filtering requirements are therefore not severe,
In addition, the simple re filters in the phase-
lock loaps are able Lo remove any such products
not completely eliminated by the mixer output
filter.

In Figure 8, a decade dial is shown as the {re-
quency-selecting control, In the remotely pro-
grammable version of the 1-1 unit, the mannal
dial hus an eleventh position marked “r."" At
this setting, control is transferred to a rear con-
neetor, which allows digit selection by closure to
ground in a biguinary code.

The Continvously Adjustable Decade (CAD)

The CAD is very similar in principle to the
DI-1. The digit seleetion uses an oseillator eon-
tinuously adjustable from 2.9 to 4.1 Me/s (3.0
to 3.9 corresponds to digits 0 to 8; 2.0 provides
range to —1, and 4.1 extends the high side to
11). In the ixTERNAL LOCK mode, & 5.0-Me in-
put signul is added to 42 Me/s to generate 47
Me/s, erystul-locked. The digit osvillator, com-
bined with thig, produces a signal ranging from
0.0 to 51,1 Me /s (of which 47 Me /= is tied to
the muster erystal ocillator). After divisions hy
10 by techniques similar to those in the DI-1,
the final output frequency lies between 4,99 and
511 Me/s.

FILTER
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In the EXTERNAL coNTROL mode the output
uscillator is allowed to run free, under control
of a second section on the two-gang tuning ca-
pacitor. Part of the oseillating-circuit capaci-
tanee is supplied by a voltage-variable-capaci-
tanee diode, for external-control purposes as
deseribed earlier.

The Ancillary Frequency Source (AFS)

As discussed above, the DI-1 and CAD units
all require an input at 42 Me/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 eirenits by which this
master crystal oscillator can be phase-locked
to any stable 5-Me signal, or submultiple there-
of. Isolation amplifiers make available, at rear-
punel connectors, standard frequencies at 100
ke/s and & 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-Me signal is also
available at a rear-deck receptacle.

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

Isolation amplifiers are used liberally to pre-
vent undesived reactions among the various
inputs and outputs.

Crystal Oscillator in AFS Unit

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

Figure B. Functional block
diagram of Digit-Insertion
Unit, Type 1160-DI-1.
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PULSE SHAPING
CIRCUIT

under reasonably constant ambient tempera-
ture; a 48-hour run on one unit, recorded con-
tinueusly over a weekend in winter, with build-
ing heat eut back and re-established during the
period, showed variations of only 2 parts in 108,

When more stable operation is required, the
phase-locking eircuitry shown in bloek dingram
form in Figure 9 can be used to establish a tight
loek to o more stuble stundard, such as the Type
1115-B standard-Frequeney  Oscillator & (see
Figure 10). The control signal, at u submultiple
of & Me/s, i& first limited, and a sharp pulse is
formed. The 5-Me component of this pulse is
selected in o tuned amplifier, limited by a
Sehmitt trigger cireuit and amplified sgain to
supply one input to the phase detector. The
low-pass filter in the control loop adeguately re-
moves low-frequency components that might
contribute to phase jitter.

Output Circuits

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

The :IiITurr-m-r fl’t'(;ill'lh'.\' in this final mix (0

“The Stability of Standard-Fre-

*H. P. Steatemeyer.'
General Radip Erperimenter, 38, 6,

n}llrnn_\' 051 illators,”
June 154
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to 100 kefs or 0 to 1 Me/s, depending on
whether the OM-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
fram 30 ¢/s to well beyond 1 Me/s. The output
impedanee 1= low (approximately 5 ohms), and
the available output voltage into loads of 50
ohms or higher is in exeess 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 iz high and variable (from 0 fo about 3
kilohms, depending on level-control setting).
The available open-cireuit voltage is approxi-
mately 1 volt. The output voltmeter is dis-
vounected in this mode of operation,

Power Supply (P5-1)

The phigin power supply is conventional,
supplving 18 volts, regulated, to the balanee of
the instrument. A toroidal power translormer,
in an A-metal ease, is used to minimize stray
fields.

A special input jack permits operation of the
synthesizer from batteries, if desired. The series
regulator still funetions, so any battery voltage
from 20 1o 28 volts will provide normal opera-
tion.

Figure 10. View of the Type 1115-B Standard-
Frequency Oscillator.
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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
oseillator and a frequeney counter can
do a precigion 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
nse multiple-period measurements to
achieve accuracy with a counter.

As an illustration, I periodically
measure the tuning-fork frequency of
my Accutron® wrist wateh (nominal
frequency 360 cyeles per sccond) by
forming a 240-to-1 Lissajous pattern
with 86,100.00 e/s from a Type [161-A
Syunthesizer. On this display, a fre-
quency deviation as small as a part per
million can be observed instantancously.

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

] liemu:rﬂnl trandemark of the Bulove Wateh Company.

SEPTEMBER 1964

however, offer operational possibilities
not available, to my knowledge in any
other device of this general character.
These advantages accrue from the
unigue ecireuitry previously deseribed,
which permits the CAD unit to replace
a group of digits (as seleeted by push-
buttons) and, simultaneously, to pro-
vide a highly magnitied 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 frequeney drift or of other changes in
active frequency sources, such as pre-
cision crystal oscillators.

Measurement of Active Frequency Sources

Figure 11 iz a block disgram, showing
how very small frequency changes in a
frequency source can be tracked and
recorded. The unknown (requency, fs, is
compared in a phase detector (on a
I-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.

1 AR SYNTHESIZER
EXTERNAL
CAD
CONTROL~

e

_I

TYPE 1142-4 FREGUENCY WETER ]
AND DeSCRWINATOR

e ———— - ———
I TYPE 1521 GRAPWIC LEVEL
RECORDER

b cs e e =

Figure 11. Method of fracking and recording the
drift of an unknown frequency, f.
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The monitor frequency from the BeaT
terminals is 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. For
example, if the drift is small, the % 1
CPS button might be used. In this case,
a change of 1 ¢/s in the synthesizer
output would produce a 10-ke change
in the recorded heat frequency — a
magnification of 10%, Smaller or greater
magnifications can be used, as re-
quired, merely by operation of ather
pushbuttons.

Measurement of Passive Selective Nel-
works

Figure 3 was noted briefly at the
beginning of this article as an example
of swept frequency analysis of sharply
selective cirenits, with self-generated
markers. The traces of Pigure 3 were
obtained with the help of the cireuit
shown in Figure 12. This circuit was
breadboarded for the purpose and is not
available in packaged form, but it can
be easily duplieated. In Figuee 12, the
signal from Brar, after o low-pass filter,
is rectified to produee the conter-
[requency marker occurring when the
CAD frequency equals the replaced
digit frequency.

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

rule that the frequency at BeEat changes
at the rate of 10 ke/s per major CAD
division (see page 6), a side-marker-
oseillator frequency of 10 k/es 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, ete).

To produce the traces of Figure 3,
a slowly varying de voltage (obtained
from a battery connected across a va-
riable resistor with grounded center
tup) was applied to the EXTERNAL caD
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 after 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 channel No. 2, at the bottom
of the oscilloscope face,

I'or the display of the 3-eycle pass
band in Figure 3a, the pushbutton
under X | CPS was operated, and the
side-marker oscillator was set at 15
ke/s, so that the first pair of side
markers oceurred at +1.5 /s, (The
second and third pair of markers are
af 3 ¢/s and 4.5 ¢/s, by harmonic
mixing in the marker generator.)

In Figure 3h (showing both the 3-
and 10-cycle pass bands) the side-
marker oscillator was set to 10 ke's,

iET IET LABS, INC inthe GenRad tradition
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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 o sweeping voltage. Frequency
markers were generated automatically by use of the circuit shown in Figure 12,

and markers thus oceur at l-cyele in-
tervals. The sweep width is the same
as in Figure 3a.

In Figure 3¢, the only change is
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 Figure 3b.

Permanent records on strip charts
van also be obtained by these methods.
Figure 13 shows the 3-cyele pass band
of the Type 1900-A Wave Analyzer
recorded in this way. The source of
sweeping voltage was an experimental
plug-in for the Type 1521 Graphic Level
Recorder, consisting of a variable re-
sistor geared direetly to the paper
drive. In this arrangement, the wide-
range logarithmic 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 seAT (by a frequency-to-voltage con-
verter such as the GR Type 1142-A, for
instance). The deflection on this axis
is thus proportional to the frequency
diflerence from that shown on all the digil
dialg, with scale factor as selected by
pushbutton. The CAD ecan be swept
mantilly or electrically; in either ense

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,
For instance, they ean be incorporated
in phase-locked loops to control the
frequency of microwave oscillators.
Narrow-band frequeney or phase-modu-
lation applications represent arother
fertile field. Transmitter-exciter or re-
eeiver-local-oseillator uses are, of course,
obvious. By relatively simple cirenit
modifieations, two-phase outputs or
outputs with fixed-frequency difference
can be achieved. As these synthesizers
come into general use, General Radio
Company will welecome suggestions for
auxiliary equipment that will facilitate
still more varied applications,
ArunertToN Noves, Jr.
CREDITS
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SPECIFICATIONS

Frequency Range: Type 1162-A, 0 to | Me/s;
Type 1161-A, 0 to 100 ke /s,

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

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

Spurious Frequencies: Tvpe 11G2-A, at least
G0 dB down, Type 1161-A, at least 80 dB down,
Harmonics: At least 10 dB down,

Output Level: Adjustable, 0 to 2 volts into 50
ohms, Output control and meter ineluded.
Output Response: =1 dB, 50 ¢fs to maximum
frequency. Output slso available down to de
at high impedance and lower voltage,

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

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
1s provided. Crystal frequency can be locked
to external standard.

Power Required: 115/215/230 volis, 50 to G0
efs or 400 cfs, 55 watts, or 20- to 28-volt
battery, 1.8 amperes.

Cabinet: Rack-bench; end frames for bench
mount and fittings for rack mount are in-
eluded.

Dimensions: Bench model — width 19, height
513, depth 1415 inches (485 by 135 by 370
mm ), over-all; rack model — panel 19 by
513 inches (485 by 135 mm), depth behind
panel 13 inches (330 mm ),

Nel Weight: 38 pounds (17.5 kg).

Shipping Weight: 15 pounds (20.5 kg).

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

Calibrated Digits &
- Smallest Step
Type U nits Ineluded Decades Only  Decades 4+ CAD* | (Digits Only) Price
1162-A7C 7 Di Units + CAD 7 9 0.1 ¢fs $5600.00
1162- A6C 6 DI Units + CAD & 8 1efs 5160.00
1162-A5C 5 Dl Units -+ CAD s 5 7 10¢fs 4720.00
1162- A4C 4 DI Units + CAD 4 6 100 ¢ /s 4280.00
1162-A3C 3 DI Units + CAD 3 5 | kefs 3840.00
1162-A7 7 DI Units 7 0.1 ¢/s 5100.00
1162-A6 & DI Units & 1efs 4660.00
1162-A5 5 DI Units 5 10 efs 4220.00
1162-A4 4 DI Units 4 100 ¢fs 3780.00
1162-A3 3 DI Units 3 1 ke/s 3340.00
TYPE 1161-A COHERENT DECADE FREQUENCY SYNTHESIZER O to 100 ke/s
Calibrated Digits
— _‘fﬂ Smallest Step
Type [ nits Included Decades Only  Decades + CAD* | (Digits ( hnly ) Price
1161-A7C 7 DI Units + CAD 7 L 0.01 ¢fs $5460.00
1161-A8C & DI Units + CAD 6 8 0.1 ¢fs 5020.00
1161-ASC 5 DI Units + CAD 5 7 1.0 ¢/s 458000
1161-A4C 4 DI Units + CAD 4 & 10 ¢/ 4140.00
1161-A3C 3 DI Units 4+ CAD 3 5 100 ¢/s 3700.00
1161-A7 7 DI Units 7 0.01 ¢/fs 4960.00
1161-A6 6 DI Units 6 0.1 ¢fs 4520.00
1161-A5 5 DI Units 5 1.0 ¢fs 4080.00
1161-A4 4 DI Units 4 10 ¢/s 3640.00
1161-A3 3 DI Units 3 100 ¢/s 3200.00
* Direet resling. If CAD is calibruted in terms of the step decades
at lenst one more significant figire can be added,
DECADE MODULES
Type Price
1160-DI-1 Step Decade $450.00
1160-CAD Continuously Adjustable Decade 510.00
(Including Calibrating Mixer)
UL 5. Putent No, 2,548 457, Patents Pending.
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FOR THE GRAPHIC LEVEL RECORDER

The Type 1521-A Graphic Level Re-
corder’ has, in the five years since its
introduction, many
branches of physical sciences and engi-
neering. A successor instrument, the
Type 1521-B, now offers specialists in

seen  serviee 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
ensire proper use of the recorder with
various General Radio analyzers and
signal sources. To simplify the job of
choosing the right accessories, we are
now listing, under distinet type num-
bers, measurement systems  including

analyzer or oscillator, recorder, and the

M. €. Holtje and M. J. Fitzamorris, " A Graphic Level
Recorder with High Sensitivity i W Ranges,"
neral Radio Experimenter, 33, 6,

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

The Type 1521-B Graphic Level Re-
corder is, like its predecessor, a com-
pletely single-channel,
servo-type recorder, which plots the
rms magnitude of an ac voltage on a

transistorized,

logarithmie (dB) seale. 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 funetion not only of time
but also of frequency if the recorder is
mechanically coupled to an oscillator
or analyzer. This technique produces
irequeney-response plots automatically
ill a matter I}I- ."'-l'l'li]ll].‘;.

Frequency Response and Writing Speed
The low-frequency response of the
new recorder is less than 0.1 dB down at

CHART DRIVE
o

. ]

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 ¢/s,
and 3 dB down at 4.5 ¢/s (see Figure 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.
Therefore, 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

Low-Vrequency

Writing Speed Cutaff c/s

in/aee (Response down 1 dI2)
20 100
0 20
3 7
1 7

S L i e
ey w0 0@ T e

writing speed or vice versa. Table |
shows the four writing-speed positions
and their corresponding cutofl 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. I'or audio-band sweeping,
the 20-cyele entoff position is usually
satisfactory. For greater accuracy at
low frequencies, the 7-cycle cutoff must
be used. but the reduced writing speed
requires  correspondingly  low  sweep
speeds. Above 50 ¢/s, the writing speed
and sweep speed can be
during sweep to minimize
sweep time and error.

Figure 3 shows the response of the
recorder to a l4-octave band of noise.

increased
over-all

FRECUECT T

Figure 3. Low-frequency response of the Graphic Level Recorder fo 4-octave band
of pink noise, with o writing speed of 1 infsec,
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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-cyele and 60-
eyele) are available for slow-speed and
medium-speed chart drive, The slow-
speed motars produce chart speeds of
95 to 75 in/hr, a reduction by a factor
of G0 from the speeds available with the
standard high-speed motor. The new
medium-speed mofors, Type 1521-P23
(60 e/s) and Type 1521-P24 (50 e/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 ¢/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 30-eyele 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 ¢/s.
The sweep speed ¢can then be inereased
1o 5 in/min or more on the 25- to 250-
cyele range.

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

Drive and Link Units for Automatic Plotting
The new Type 1521-P10B Drive
Unit (Figure 4) is designed to couple the

IET
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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
Figure 5). A continuous-adjustment
cluteh 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-Frequency Audio
Generator). The Nox-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 switeh 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.
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be disengaged mechanically when they
are not being used.

The new Type 1521-’15 Link Unit is
used to connect the recorder and drive
unit to the Type 1304-B Beat-Fre-
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
1900-1"1 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/dec-
ade.) This factor endorsed
in the current EIA standard and is used
on the GR Type 1521-0427 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-

seale is

TABLE Il INDUSTRY

Seale Faclor
(dR fdecade)

Industry Standard

Institute of High

Fidelity Manufacturers 20
IProposed International
Standard 25

Electronie Industries
Association 30
Institute of High

IFidelity Manufacturers 20
Hearing Aid Industry 45
Proposed International

Standard 50
Proposed International

Standard a0

* Chart paper available for Type 1304-B Beat-Frequency

** Decade length applies to Type 1564-A Sound and Vibration Analyzer; chart paper available,

GENERAL RADIO 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
scale factor of 50 dB /decade.

Table 11 lists the scale factors corre-
sponding to the various sprockets in the
sprocket kit, along with the industries

i

SCALE FACTORS
Decade
Length (inches) for Sprocket | Pot
Type 1304 Generator (teeth) (dB)
2.0 16 10
2.5 20 i
507 24 40
1.0 32 20
1.5 36 40
5.0 40 40
A s 16 1)
Audio Generator,
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supporting these seale 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,
ete,

MEASURING AND RECORDING ASSEMBLIES

The recorder ean be used in conjunction
with an oseillator or analyzer to plot direetly
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-
hination of instruments, parts, and chart paper
will automatically be supplied.

Type 1350-A Generator-Recorder
Assembly

This is o most useful automatic system for
measuring the sudio-frequency, characteristics
of filters, atlenuators, networks, loudspeakers,
microphones, transduecers, and complete acous-
tic svstems (see Figure 5). The Type 1304-B
Beat-Frequeney Audio Generator is an ideal
oscillator for such measurements, sinee it has
a truly logarithmie frequency dial and an out-
put-voltage variation of less than 0.25 dB us the
oscillator is swept. Examples of measurements
made with this tem are shown in igure S,
Notice the impracticability of a point-by-point

IE€T
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frequeney-response plot of the sound level in a
root.

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-cireuits the
output of the oscillator during the blank part
of the dial or at low frequencies, 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 1910-A Recording Wave Analyzer?

The linear frequeney seale, 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 Graphie
Level Recorder (see Figure 6). An example
of a measurement made with the Recording
Wave Analyzer is shown in Figure 9.

? Armmold Peterson, 'New Wave Analyzer Has 3 Band-
wildths, 80-dB Dynumic Runge," General Radio Erperi-
menter, 38, 4, April 1904,

Figure 6. View of the Type 1910-A

Recording Wave Analyzar.
Figure 7. View of the Type 1911-A
Recording Sound and Vibration Analyzer.

U

| ET I.ABS, INC in the GenRad tradition

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



@ GENERAL RADIO EXPERIMENTER

FRESUENEY. [N EYOLES PER SESOND.

Figure B, Records of the frequency response of a public address system, taken with (lop) maximum
writing speed and (below) minimum writing speed.

o

3 ] 2 3
FREQUENCY IN KC FREQUENCY N KC

Figure 9. Charts of modulation neise on @ 1-kc tone for two different lypes of magnetic tape. Note that

one is obout 10 dB better than the other. Such meosurement can be made easily with the recording

analyzer, owing to the BD-dB dynamic range. For Ihese records, chart speed was 2.5 inches per minute;
writing speed, 10 inches per second; bandwidth, 10 :I!.

1
-

Pansimecy Wl 0 fw PRESUENEY MULPREE O D Mmo T e

Figure 10. Char record of a vibration acceleration spectrum od on the chassis of a
machine, For this measurement a high-fraquency vibration pickup is used,

Sien [ won
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Figure 11. Recording of neise level in a cafeteria with both fast and slew writing speeds and 40-dB
potentiomeler,

Type 1911-A Recording Sound and Vibra-
tion Analyzer

This assembly is based on the Type 1564-A
Sound and Vibration Analyzers, which has
constant-pereentage bandwidths of 14 and 1710
vetave and o frequency range of 2.5 to 25,000
e/s (Figure 7). This analyzer includes two
features especially important in recording: an
automaltie lrequeney-range-changing device and
& built-in muting switeh that short-cireuits the
output during the blank part of the dial. The
extended low-frequeney response of the new
recorder greatly enhances its use with the Type
1664-A Sound and Vibration Analyzer for
AW, . Kundert, " New Performance, New Convenience

with the Now Sound and Vibration Anslyzer,” General

Radio Erperimenter, 37, U and 10, September-Ootober

1063,

vibration measurements. The recorder can be
used down 1o 4.5 ¢/s (3 dB down) if a response
plot of the recorder itself is first made and then
compared with the recording made with the
analyzer. Figire 10 is an example of a recorded
vibration measurement. Another example is
our reduetion of the seoustic noise in the ¢hart-
drive system of the recorder itself. The recorder
analyzed its own acoustic noise with the Type
1564-A Sound and Vibration Analyzer and
n sound-level meter, The resulting data were
observed for peaks in sound level. These were
found to be the fourth and fifth harmonies 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
# quiet room,

| Figure 12. View of the Type 1521-B Grophic 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,
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Level-vs-Time and DC Recording

The Type 1521-B Graphic Level Revorder,
like 118 predecessor, can algo be used for level-
ve-Lime recordings, as, for instunce, 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 cun be

GENERAL RADIO EXPERIMENTER

converted to n 1-inA de recorder by means of
the Type 1521-P4 Lincar Potentiometer. The
high speed and acenracy of this servo-type de
recarder make it useful with the Type 1136-A
Digital-to-Analog Converter and the Types
1150-AP and 1 1531-AP Counters (see Figure 13).

~— Marriy W. Bascu

SPECIFICATIONS

Recording Range: As supplicd, 10 dB full-scals;
20-dB and 80<1B ranges are also nvailable. For
de recording, 08 to 1 volt (0.8 to LO mA)
full-scalo, with zero input position adjustable
over Tull seale.
Frequency Response and Writing Speed

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

Low-Frequency

Wriling Speed (approx)
Chtoff /s (less

o fae with 0. =inch

avershaot than l’ rf:ff doivr )
20 100
10 20
3 7
(3 dB down of 4.5 c/s)
1 7

(3 dB down at 4.5 cfsl

DC Recording: 4 (B down at 8 ¢/s (peak-to-
peak wmplitude less than 25% of Tull seale).
Potentiometer Linearity

20., 40, BO.dB Potentiometers: 1% of
full-scale dB value plus a frequency error of
0.5 dB at 100 ke/s und 15 dB at 200 ke/s.

Linear Potentiometer: == 1%, of full scale.
Resolution: =0.25% of [ull seale,
Maximum Input Veltage: 100 volts e,
Input Attenuator: 60 dB in 10-dB steps.
Input Impedance: 10,000 ohms for ac level record-
ing; 1000 ohms for de recording,
Moximum Sensitivity: 1 m\V ut 0 dB3 for level
recording; 0.8 V full-seale for de recording.
Paper Speeds

High-speed motor (normally supplied): 2.5,
7.5, 25, T5in/min, Used for high-speed-transient
measurements  and  production  testing  with
Type 1304 Audio Generator,

Medium-speed motor (supplied on request):
0.5, 1.5, 5, 15 in/min. Used with analyzers and
in level-va-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 externnl de reference
voltage of from 0.5 ta 1A V ean be applied
internally to correct for variations of up to 3
to | in the signal source of the system under
test,

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

Chart Paper: I-inch recording width on 5-inch
paper. All rolls are 100 feet long. See full List of
charts at end,

Accessories  Supplied: 10-dB  potentiometer,
2 pens, 2-ounce bhotble of red ink, 2-ounee bottle
of green ink, bottle of potentiometer eleaner,
1 roll of Type 15214428 paper, droppers for
filling pens, Type CAP-22 Power Cord, spare
fuses, aduptor cable for connection to sound-
measuring  equipment and to other devices
having telephone jacks,

Accessories Availoble: Potentiometers, charts,
ink, high-, medium- and slow-speed motors,
drive and link units, us listed in price table,
Power Requirements: 105 to 125 (or 210 Lo 250)
volts, 60 efs, 35 watts, 50-cyele models are
available.

Cabinet: Rack-bench.

Dimensions: Bench model — width 19, height
9, depth 1315 inches (485 by 230 by 350 mm),
over-all; rack model — panel 19 by 8% inches
(185 by 225 mm), depth behind panel 111
inches (290 mm ).

Net Weight: 50 pounds (23 k),

Shipping Weight: (i2 pounds (20 kg,

) Supply Paper
Tupe Monnting Frequency Speed Price
1521-8R Rack 80 c/s 2575infmin | $995.00
1521-BM Bench 80 efs 2.5-75 infmin 995.00
1521-BRQ1 Rack 50 cfs 2.5-75 in/min 995.00
1521.6MQ1 Bench 50 cfs 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 ond 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 dBfinch vertical scale to decades/inch on
horizontal scale): 20, 25, 45, and 50 dB/decade.
1900-P1 Link Unit for coupling to Type 1900-A Wave Analyzer 35.00
22
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CHART PAPER
Calibrafion Chart Length (in) Associated

Type Horizontal Vertieal( Dir) | Calibrated 1 Blank Tustrument Price
|5_2_l-§427 20 c/s-20 kefs, log 80 9 4z 1304-B Generator $2.75
1521-94564 0-10 kc/s, linear 40 20 0 1900-A Analyzer 2.75
1521-9465 | 0-50 iu:fs, linear 40 16 0 1900-A Analyzer 2.75
1521-9493 2.5-25 normalized, log 40 7V 1% 1564-A Analyzer 2.75
1521-9469 | 2.5.25 normaolized, log 40 5 i 1564-A Analyzer 2,75
1521-9463 2.5 cfs-25 ke/s, log 40 18 3 1554-A Analyzer 275
1521-9429 | 25-7500 ¢fs, log 40 12V 1 760-B Analyzar 2,75
1521-9428 | Continvous Ya-in div 40 continuous 2.75
1521-9466 | Continuous %-in div 50 continuous [I):'SA‘CAcm :"f;;: iy

Type MOTONRS Price
1521-P19 (high-speed, 60 c/s) for paper speeds of 2.5 to 75 in/min $59.00
1521-P218B (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 poper speeds of 0.5 to 15 in/min 59.00
1521-P24 (medium-speed, 50 ¢/s) for paper speeds of 0.5 to 15 in/min 65.00
1521-P208 (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 infhr 65.00

RECORDING ASSEMBLIES

Factory assembled and ready to use. End fromes 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-
divm-speed motor and recorder accessories
Type 1521-P10B Drive Unit
Type 1900-P1 Link Unit
Type 1521-9464 Chart Paper, 10 rolls
Type 1521-9465 Chart Paper, 10 rolls
Type 1521-P3 B0-dB Potentiometer (inaddition)

to 40-dB Polentiometer 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-AQI 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
meadium-speed motor ond recorder accessories
Type 1521-P10B Drive Unit
Type 1521-P15 Link Unit (with interchangeable

16- and 24-tooth sprockets)

Type 1521-946% Chart Paper, 10 rolls

Type 1560-2141 Adoptor Cable, double plug
to offset phone plug

Price
1911-A |Recording Sound and Vibration
Analyzer (60-cycle supply) $2315.00
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 cnd 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 10 double
plug

Type 274-NP Patch Cord, double plug to double

plug
Type Price
1350-A Generator-Recorder Assembly
[80-cycle supply) $2000.00
1350-AQ| Generator-Recorder Assembly
[50-cycle supply) 2000.00

The Type 1304-P1 Muting Switeh supplied U\:illl.!]l! Type

1350-A assembly is avnilable separately for $37.5

23
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Coming in September

ELECTRONIC INSTRUMENT MANUFACTURERS" EXHIBIT
Boston to Washington, D.C.

Nine leading manufacturers of clee-
tronie instruments have joined together
to present the Fifth Annual Elee-
tronic Instrument Manufacturers' x-
hibit (EIME), 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, EIME 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 lersey
Philadelphia, Pennsylvania
Red Bank, New Jersey
Washington, D. C

Thursday, Oct 1
Monday, Oct 5
Tuesday, Oct 6

Monday, Sept 21
Wednesday, Sept 23

Monday, Sept 28

Wednesday, Sept 30

Thursday, Oct 8

General Radio will exhibit its new
Type 1162-A Coherent Decade I're-
quency Synthesizer, Type 900-LB Pre-
cision Slotted Line (and recording sys-
tem), Type 1150-BH 1-Mc Digital
Frequency Meter, Type 1396-A Tone-
Burst Generator, Type 1806-A Elee-
tronic Voltmeter, Type 1900-A Wave
Analyzer, Type 1025-A Standard
Sweep-Frequency  Generator, Type
1644-A  Megohm Bridge, and Type
1115-B Standard-Frequency Oscillator,

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

The complete EIME 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
Washington House, Route 22
Marriott Motor Hotel
Molly Pitcher Hotel
International Inn

General Radio Company

Gy
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