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1 R. E. Owen, "AU ofol t.ate, Low-Distortion 0 cil­
ia tor," General Radio E.I!perimenler, larch 1906. 
2 R. . w n, •·A 11.Iodcrn, \Vidc-R ngc R ' cillat-Or," 
General Radio E:rperimenter, Aui;i;u t 190.-. 
3 H. ·. Fulks, "Hi11:h-Performanc , Low- udio 
Oscillator with oli - t te ircuitry," G 1t ral Radio 
Experimenter, Augu.sl- p mb r l 9fi2. 

CHARACTERISTICS 

Frequency-Synchronization Chora·cferistics 

\\ hC'n a ianal i 

th atn�iliary conn c 
ill a 

lllJ c 

r int 

nd h 

through 

h a lV 
cill r 

rang :r hi 

n 

vcr whi h 
a lin 

f th comp 

whi h h 

and 

or 

n ral Radio RC o 'cill ar 
d ign ha a h ha 

lo k rang of ±:� � f r a h volt. inp 

( 'e FigLtr 1). Input. of up 

can b u. d wit' ut alt ring h p ra-
101 . \. · l abl t .-h w. th i;u; -A 

o. cillator 1 an e cepti n. I i not of 

TABLIE 1. SY CHRON IZA TION CHARACTERISTICS 
I p T llAR. CTERI TT OVTP T H R CTERI TIC 

Open- Output Phase uith 
Oscillator Lock Rar1ge Ph as beJueen ircuit lmpedan e- respect to 

T pe '"o/ olt input at1d output 
Gain a /or Output - kO main outpu.t 

110/ts 

1309 3 0 ±90° 0.47 l.4 12 00 

t 5-V ourpuc 
1310 _3 0 ±90° 0.28 0.8 27 180° 

at 20-V oucpur 
1311 ±3 180 90° 0.94 1.0 4.7 00 

ar 100-V oucpur 
1313 1 ro ±40 180 ±90° 0.7 330 oo 
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0 2 3 4 5 6 7 8 9 10 
VOLTS,rms 

INPUT AT SYNCHRONIZING FREQUENCY !1.Jto-17! 

Figure 1. Locking range vs input voltage for Types 
1 309, 13 1 0, and 1 3 1 1 Oscillators. 

the conventional Wien-bridge type, 

and its locking-range sensitivity varie 

appreciably over its frequency rang . 

The oscillator maintain ynchroniza­

tion if either the o cillator dial fre­
quency or the ynchronizing frequency 

is changed, within the lock range. 

However, a time constant of about one 

second is associated with the ynchroni­

zation mechanism. Thus, if the ampli­

tude or frequency of the synchroniza­

tion signal or the dial setting of the 
oscillator is quickly changed, tran ient 

changes in amplitude and pha e will 

occur for a few seconds before the 

oscillator returns to steady-state syn­

chronization. 

This time constant is ca used by the 

thermistor amplitude regulator read­

justing to the different opera ting condi­

tions. The thermistor is sensitive to 

changes in average values of frequency 

or amplitude only when the averaging 

time is in the order of seconds. Hence, 

frequency-modulated and amplitude­

modulated synchronizing signals, whose 

average values of frequency and ampli­

tude are constant over a period of a 

second or less, are not affected by this 

time constant. They are affected by 
the equivalent time constant of the 

filter characteristic discu sed in the 

next section. 

For slow changes in frequency or 

amplitude, the lock range and the 

capture range are the same; i.e., the 

frequ ncy or amplitude at which the 

oscillator goes from the synchronized 
state to the unsynchronized state is the 

same as that at which it goes from the 

unsynchronized state to the synchron­

ized state. 

There is a phase differ nee between 

the input synchronizing signal and the 

oscillator output, which depends upon 

the frequency's relation to the oscillator 

dial fr quency, as Figure 2 shows. Note 

that the phase shift i a function of 

amplitude, since the lock range is a 

function of amplitude. Hence, the con­
stancy of the pha e shift at other than 

0° depends on the amplitude stability 

of the input signal as well as on the 

frequency stability of the oscillator. 

As a practical matter, the u eful range 
of phase shifts is limited to somewhat 

less than ±90° because of the steepness 

of the curve near the limits of the lock 
range. The data in Figure 2 are dis­

placed by 180° for the 1309, 1311, and 

1313 Oscillators because they do not 

have a phase-inverting output stage. 

� +90°-r--r------t--------:::;;=-=t� a.. 
I­=> 0 

I- Cl ':!::z 
:i: <l: 00'-l-

--+--------1'---------;-� 5 (/)a.. <l:z :i:-
a..z w 

� -90°'..J..-....=+--�:::::::_ _ ___ .J---------1-
1-w ID 

LOWER LIMIT 
OF 

LOCK RANGE 

DIAL 
FREQUENCY 

INPUT FREQUENCY 

UPPER LIMIT 
OF 

LOCK RANGE 

!J.JJ0-.26! 

Figure 2. Phase shift relative to input frequency 
(and amplitude). 
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0.1 0.2 0.5 0.7 1.0 2.0 5.0 7.0 10.0 
FREQUENCY NORMALIZED 

('INPUT FREQUENCY) 
\ DIAL FREQUENCY 

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

Frequency-Selective Amplification 

Characteristics 

When the output of the oscillator 

is locked to the input synchronizing 
signal, the oscillator is not oscillating 
in the conventional sense but is, in 

fact, producing an amplitude-stabilized, 
frequency-selective regeneration of the 

input signal. The result is that all the 
frequency spectrum of the synchroniz­

ing signal appears in the output, al­
though most of it is greatly attenuated. 

Figure 3 shows the response of a 1309-A 

for three different input-voltage levels 
and for frequencies up to ten times and 

down to one ten th of the oscillator dial 

frequency. The oscillator output at both 
the input frequency and dial frequency 

is given, except within the lock range 
where the dial frequency oscillations 
stop, as seen in the magnified portion 

Jf Figure 3. The apparent increase in 

the Q of the response as the input level 
decreases is due to the fact that the 

output is constant within the lock 

range (the normal output level of the 

oscillator) regardles of input, while at 

all other frequencies it is a direct 
function of the input (doubling the 
input voltage increases the output by 

6 dB) . 

Figure 3 is a family of curves for 
different input voltages, with the out­
put plotted in dB relative to the 

normal oscillator output, for one par­

ticular oscillator. The single curve of 

Figure 4, together with Table 1, can be 
used to calculate the response for any 

input level with any GR oscillator. 

Figure 4 is a plot of the voltage gain 
versus frequency for an equal-element 

Wien-bridge oscillator between its syn­
chronization input and the output. 
Note that for frequencies distant from 
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the dial frequency the gain asymptoti­
cally approa he 2.0. In each oscillator 
this gain i modified by the resistive 
input divider and output amplifier. 
Table 1 gives the appropriate multiply­
ing gain factor for the four GR o cilla­
tors set for maximum output voltage. 

For example, the voltage amplifica­
tion between the input synchroniza­
tion jack on th 1309 and the full out­
put, at twice the dial frequency, js 
(0.47) (4.5) = 2. 1 . Thus, if there were 
a 0.1-volt input at twice the dial 
fr quency, there would be (O.J) 
(2.1) = 0.21 volt in the unattenuated 

(0.21) volt (100) 
output, or 

S.O volts 
= 4.2% of 

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

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

100.0 

70.0 

50.0 

z 0 � 20.0 
L) 
LJ: 
:::i a. :::;; 
� 10.0 
w (!) � 7.0 

� 

j \ 

I \ 
I \ 

I \ 

the output impedance li ted in Table 1, 
for frequencies outside the lock range. 
At the synchronizing frequency the 

input impedance, in general, is complex 
and can vary over a wide range, in­
cluding negative values because the 
connection i also a source at the syn­
chronizing frequency. 
Output Characteristics 

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

v '� -
5.0 

-
>=-- - ---....Q ___ 2.0 

0.1 0.2 

-- - -1- - - -

0.5 0.7 1.0 2.0 
RELATIVE FREQUENCY ( INPUT FREQUENCY ) • 

DIAL FREQUENCY 

co ----- -- --

5.0 7.0 IO.O 

Figure 4. Voltage gain between 
unattenuated sync input and 
unattenuated output for a 

Wien-bridge oscillator. 
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output impedances are higher than are 

usually expected from a source. At 
high frequencies the output may be 
reduced by the capacitive loading of 

connecting cables. 
Table 1 also gives the phase relation 

between the synchronization jack and 
the main output. Because the 1310 
Oscillator output is 1 80° out of phase, 

an output balanced with respect to 

ground can be obtained. 
This output is always a sine wave, 

so that on the 1309 and 131 3 Oscillators 
simultaneous sine- and square-wave 
outputs are available. 

APPLICATIONS 

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

Locking to a Stable Source 

An oscillator with inj ection-synchron­
ization capability can obviously be 
locked to a more accurate frequency 
reference to increase its long-term 
frequency stability. The advantages of 
this are many. The frequency selectivity 

of the oscillator can appreciably reduce 
the hum, noise, and distortion in the 
source. It will provide amplification, 
since less than one volt into a high 
impedance is nee sary for locking, and 
yet up to 1 00 volts at low impedances is 
available in the output. The long-term 
amplitude stability will be the same as 

that of the normal oscillator, regardless 
of the long-term fluctuations in the 
input. Input-amplitude changes of 20 
dB are easily suppressed in the output. 

February 1967 

The oscillator isolates the reference 
source from changes in load and from 
the addition of spurious signals. Also, 
with the 13 10 and 1 31 1  Oscillators, it is 
possible to short-circuit the output 
without increasing distortion. 

If the oscillator is locked to one 
of the harmonics of the source, it 
functions as a prec1s10n frequency 
multiplier. The accuracy and the long­
term stability of the submultiple source 
are maintained, and the output is 
sinusoidal. 

A an example, ] igure 5(a) is the 
frequency spectrum of the output of a 
sinusoidal 1-kHz standard frequency 
derived by division from a crystal 
frequency standard. Note the 1 20-Hz 
hum, the noi e clos to the fundamental, 

and the large amount of harmonic dis­
tortion. Figure 5(b) is the output of 
a 13 10 Oscillator locked to the same 
source. The distortion is reduced to 
almost the normal level of the oscillator, 
the hum is more than 80 dB below the 
signal, the noise is noticeably reduced, 

and yet the long-term frequency stabil­

ity is the same as that of t}).e reference 
source. The hort-term stability, like 
the distortion, cannot be made better 
than that normally existing in the 
oscillator. 

Whenever the synchronized oscillator 
is used for filtering, as above, the 
input voltage can be adjusted to an 
optimum level. The voltage should be 
high to provide a locked frequency 
range wide enough so that the oscillator 

will not drift out of lock, and yet low 
nough to reject the unwanted signals. 

Suppose that in the example it is 
desired to minimize the second har­
monic in the oscillator output. The 
typical long-term stability of the 1310 
at 1 kHz is 0.03% after warm-up; 
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therefore, a lock range of ±0.12% 
should provide a sufficient margin to 
ensure that the oscillator will always 
remain locked. This would require 

. 0.12% 
an input at 1 kHz of 

a.O%/volt = 
0.04 

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

0.0025 volt 
output, or 

20 volts 
= 0.0125%, re-

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

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

In Figure 6, the output frequency of 
a drifting, jittery 10-Hz source is 

H O RI Z ONT oll L SC .11 1-IE· I� I N D I V 

. 

FREQUENCY IN kHz 

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

·-·-
2 

FREQUENCY IN kHz 

HOl'llllZONTAL SCALE t"'1 IN DIV. 

. 
llJQ9-21X I 

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

Note that jitter is reduced while drift is tracked. 

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

1.0 

0.5 

O'----

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

One of the most popular uses of the 

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

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

( c) 
(<1 ) ( b) C�1rrrir0 

IDEAL BURST WAVE 

� I � 

2 3 4 5 6 7 8 
HARMON IC NUMBER l t.3'10-.J9l 

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

wave approximation. 
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Figure 8. Ideal signal for generating waveforms 
wit h five harmonics. It is composed of equal 

amplitudes of the five in-phase harmonics. 

pure waveforms from the first five 
harmonics, a waveform with the spec­
trum of (a) in Figure 7 would be best. 
This has the waveshape of Figure 8, 
which can be approximated by a single 
cycle of the third harmonic with a 
repetition rate of the fundamental 
frequency, as in Figure 9. Its spectrum, 
(b) in Figure 7, is quite close to ideal. 
This waveform is easily generated 
with the GR 1396 Tone-Burst Genera-

Figure 9. Tone-burst approximation to Figure 8. 

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

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

TYPE 1396-A J\ _.fl -
TONE - BURST � 

J
V V 

� GENE RATOR _,/ 

1 

.---......- I -+-----t----i) - I 

'. 1 

.. I 1s10 - 401 

,, SYNCHRONIZING 
-INPUTS 

--RC 
OSCILLATORS 

---- OUTPUTS 

Figure 10. One method of obtaining synchronized oscillators for first six harmonics. Waveform 
of Figure 9 is used to lock oscillators. 
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OUTPUT 

equal-amplitude harmonic signals, the 
waveform goes progressively from a 
smooth sine wave with one harmonic 
to an impulse with all harmonics. 
Hence, the ideal synchronizing signal 
is an appropriately bandwidth-limited 
impulse. For low harmonics this can be 
approximated with a clipped sine wave 
by means of a circuit such as that of 
Figure 11. For this five-harmonic ex­
ample, values f or R1 and R2 of 10 kn 
and 200 n, respectively, produced the 
waveform of Figure 12 and the spec­
trum of ( c) in Figure 7. 

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

Figure 1 1. Sine-wave clipping circuit 
for approximating equal-amplitude har­

monics pulses. 

l.JI0-4.J 

Figure 12. Clipped sine wave with the spectrum 
of figure 7(c). 

Phase Shifting 

The synchronized oscillator can be 
used as a convenient, single-frequency 
phase shifter or time delay. Table 1 
. . ' 
in con1unction with Figure 2, shows the 
range of phase shift available for each 
oscillator. This is particularly useful 
with the 1309, where the Schmitt 
trigger in the square-wave circuit per­
mits generation of variable-delay pulses. 

- R. E. OWEN 

GENERAL RADIO RC OSCILLATORS WITH SYNCHRONIZATION 
Condensed Specifications 

Oscillator 
Frequency Range 

Type 
Output Waveform Output Voltage Output Power Distortion 

1309 lOHz - lOOk.Hz "'\,, 'L... 500µV - 5V 10 mW 0.053 

1310 2Hz · 2MHz "'\,, 0.1 - 20V 160 mW 0.253 

1311 50Hz - lOkHz 'V 0-1, 3, 10, l w 0.53 

in 11 steps 30, lOOV 

Transformer 
output 

1313 lOHz - 50kHz "-' rt.. 500µV - 5V 10 mW 0.53 

1 1  
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Figure 1. Type 1313-A Oscillator. 

10 Hz TO 50 kHz 
WI HOUT RANGE CHANGING 
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r nti nal d c rcqu n r· 11 on an 

RC' o illator i u good compromi e 
b w n a curacy, r, 'olu ion, and a 
of- ttin . n h procluction lin 

:ur m nt · ar mad' 
in r oY r a \Vid fre-

quency rang r n e 
\Vi ching a d larg r turn w p � o th 

dial · me, n import nt di ·ad •antage. 
e imi ate thi� problem. en ral 

Radio ha v 1 p d a I \ -co t nc 
o illator '"ith h ntir a di -fre­

qu nc· rang v red in a single rang . 
The �I YPE i:n:3- cillator ( 1 igure 

1) provid in and c1uare wa e fr m 

1 I z to .5 kHz. Th fr q uen y i 

quickly and a ii � t and unam­
bigu u ly indi ated n a ·ingl - urn 
dial. Th re are no mul ipli r to u · or 
decimal poin s lip; h dial i 
mark th uld h 

r m 
ther 1 n 
pla men 
oft n i 
pro uctio lin ·. 

'T'h, TYPE 131!.:3- :\. i in many r 
imilar to th p pular Y E 1 

lll 

th r 
d n 
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Fi gure 2. Typicail oufpvt-vs-freqvency characteristic. 

IIz-100 k z illat r1. I u e be 
ame all- ili on, 11- olid- .at ign 

exc p ha a modified \Yien Bri ge 
xpands the fr q u n y ran e. The 

technique u ed i imilar tha 
mploy b) nder�on in e\ 

d cad o. illator2 bu i ha b 
r fin \Vl h th aid of a digi al om-
pu r. 

Th OU put j on inuou ly 
of fr m 1 

l R. E. Owen, ••All olid- ta Low Di or ion Oscil-
lator," General Radio Experimenler, ::\Iarch I 66. 
'F. B. Anderson, " , 'even-L g:ue ill tor," Proceedinqs 
of the IRE, 39, August. 1951, p 1- O. 
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� 

�)'...._ 02 --

ou pu v l age i hel wi hin 
l-kHz v lu ov r h whol 

pan; l rpically e en better 
han this a igure 2 in i t h 

fr uenc -r pon m a ur m n 

no in errupted by periodi 
m nt f th out1 u l v l. i r ion 
( igure 3) i h ld loF 0. -3 fr m 
100 Ilz o 10 k z. 

h quare-wa e ou put ha a very 
ran ·1 ion im , 'Pi al y 40 na o-

ond in to .50 ohm Thi rr po d 
o the r· ·e time of a d v1 with a 

bandwidth of gr at r ha ::\ z; 
h n ·e i i ad uat f r m ra i nt-
r pon e ting. 1 h maxim um ou put 

1� gr at r than + 5 volt peak-to-peak 

/"...... 
v 

J 
v 

OHz 20 50 100 200 500 I kHz 2 5 10 20 5 0 
FREQUE .CY I l.JIJ-IKI 

fi gure 3. Typi cal distorlion-vs-frequ e n cy chara c teristi c .  
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t el�IExperim nter 

Figure 4. In a production test, the 
1313 drives a loudiJpeaker over the 
entire audio rang in on tur'n of 

the dial. 

(Courtesy of KLH Research and Oevel­
opmenf Co., Combridge,Mossac;huseHs) 

(o 

a. 
fr u n y yari .: and l eu.u. the dial 

calibra ion i.:· uonlogari hmi · .  f r . Y cp 
u p]ic· i n.· in thi' fr qu 1u·y 
w r ·omm nd th TY E 1: -1-
}r qu nc·y Au ii 'hich 
provjd logarithmic n n 

r ng 
fr fl ll TIC' ' ,' )UH' . 

,., .. v form con­

on andard-

I . b. WB . 

.\bi( graphiPu.l Hkl' eh f :\Ir. Owen 11.ppC'ar 
in I • :\Iar h HIGG E.rp rimrnlf'r. 
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SPECIFICATIO S 

FREQUENCY 

Range: 10 I-fa to 50 kHz in on ran . 
Accuracy: ±·J / or ±lHz, whi ·h v .r is gre.ater. 
Synchroniza1ion: n external r for n si nal 
can be inl..roduc d throu h phon jack t phas -
lo k oscillator. 1- input provid s locking 
ran e of 1 &{; to ±-�00'.1, d p nding fr -
qu n ·y. 
OUTPUT 

Sine Wove 

Power: 1 m \Y into 600-fl lo::td. 
Vol e1ge: 5.0 ± 5<7 op n-circuit. 
Impedance: 600 n. ne t.. rrnin.'.ll grounded. 

Control: 1\Iinirnum of 2 dB ·ontinnou ly ad­
jus .able and 0 dB t 11 at nu� or ( 2 ± 

. 2 dB per tep). 1 o a -V ou pu posi ion 
.. vi 'h > - • utpu imp nn muin in d. 
Distortion: Le than .5 · from 100 Hz Lo 
1 kHz. 
60-Hz: Hum: Less t.han 0.05',.6 at 1 kHz. 
Frequency Characteristic: ±2 % over whol 
fr qu n y ran e for loads of 600 nor greater. 

Squar.e Wave 

Voltage: :rrea r han +5 V p-p, 01 n-circui 
·c-coupled outpu . 

lmpedan,C.e! 0 n. 
Rise Time: L . than 100 n into . 0 n. T pi-

all • 10 ns at full ou put_ 
Control: �Iinim.um of 20 dB, continuously 
adjustabl attenuat r only_ 
Symmetry: ±2 / ov r whole frequ n y ran re. 

GENERAL 

Accessories Sup,plied: C P-22 Power ord, 
par fu 

Accessories A vailable: 1� 0-P 5 daptor Cabl, 
(ph.on plug to 2--1.-l\fB Doubl lug) for 

onn ction ynchrooizing jack; r la -rack 
3iCla.ptor . 
Power Required: 100 to 125 ·, 200 to 25 
5 to ..J.00 Hz,() W. 
MounHng: onverti le-b nch a ine . 
Dimensions (width-height-dep h): %; by 5yg 
b. 8 s iu (210 by 150 b 210 mm). 
We.ight: ::-.J" t, 7 Jb (:3.2 kg); shipping, 9.).1 
lb (4.2 kg). 

Catalog 
J.Vumber Description 

Price 
in SA 

1313-9701 
1560-9695 
0480-9638 

Type 1313-A O�cillator, 10 H:z:-50 kHz: $·325.00 
3.00 
7.00 

Type 1560-P95 Ada1ptor Caible 
Type 480•-P308 IRack-Adapto·r Set 

HARM·ONIC BRIDGE 

LJISES 

RC-OS·C1ILLATOR SYNCHRO,NIZATl'ON 

rpora ion1 

m d of 

a 

\ riting in Th ww 

yn-

1:3 1 0  
of the 

Tn tnunent 1 Dr. cri' a 

tern us d o mea. u �e linear and n n­
tri · c effi i n ·· .an quadra ic 

ffici nt in high-dielec-
1 Dr. Homer Fay, "Harmonic Bridg for Mea:iu.recncnt of 
'onlin · r Electric and Electr optic Propertie of Cry -

tals," The Reviuw of Scientific I nstrwments, February 1967. 

ri p rov ki er tal . he e ffi-
i nt an b d riv d from 

pa i ance-bridge measurem nt if 
harmoni ont n of ·h driving volta 
i kn n, an hi i wh re h 

hronizing o ciHa or enter he s 
The 131 , along wi h 

R o cillat r· ( pa 

can b pha e-lo k d o a 1 

fr qu nc i wi hin a erta·,n i· ng 

he os iHa , or dial ing ·· mor ov r 

on lo k i tablish d th o illa r 
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the�Experi enter 

Figure 1. 
Type 1310 Oscill ator. 

fr qu nc.r ntr 

ph (' hif r, OV 

o. 
In 

n 

ut ut 
h rmonic 
amp1i u 
pon nt ar 
harm n ·c· ere 

E (5) SIN Sw 

E(3) SIN3wl 

1 c n b us a a 
r a rang 0 ±7:'50 r 

u (F"gu 2) 
T dial 

r 
f a·h 

in 

fr qu n y 
(l>)" Ill 11 
1) f C'h 

ph·. nd 
eom-

1 h 

of 
m 

CRYSTAL x 

-t. Finall 
0 uh 

ER. N 

v 
SIGNAL 

OUT 

0 
SIGNAL 

OUT 

---
DIFFERENCE i---------i-----.­

A PLIFIER 

E (I) SIN "'t --�9'1 CHA� 
STEREO 

OSCILLATORS AMP 

STEP-UP 
TRA SFORMERS 

BRIDGE BALA 
DISPLAY 

E-0 
DISPLAY 

(u10-.-•KI 

Figure 2. Block diagram of h armonic bridg. , showing-use of GR 1310 Oscillators to provide h armonics 
o·f driving slgnar. 
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figure 1. Type I 232-P2 Pre­

amplif,ier atfached ·to the 

1232-A Tuned Amplifier and 
'Null Detector 

February 1967 

A PREAMP FOR USE WITH BRl.DGE DETECT01RS 

n the que t for l '' nm m an 

amplifi r on rnu. ace p h "  fa ·t hat 

n on amplif ing d 'i op imum 
for signal f id ly diIT ring 

impedance 1 
her fore i 

th 

d t 

1 A. E. andc>r.>on, ".' Tun d J mµlifi rand ;ull D clor 
with ne-1\licro\·ol't � n itivi y,'' General lladiQ E.cp n­
rnen.Ur, July 1961. 

10,.----

.: 
>­"ii'_ Ir------�---
!:: 
g 
0 w a: a= w ... 

t m . H w v r, m m a ur m n s 
r q nring x r m ly high n i ivity 

pr , n a v r high imp dan e t th 
r, and ·:n .:u h ca.� c .. · th det t r 

Il fi from , pre' .. mpli er 'rith 

a v ry hic:rh >P imnm-s ur n 
1. hP nPw J 2: 2-P2 F � T lifi r 
(Figt,ir 1) de ign d o fill , can 
in r a en iti,·i b r factor of 
1 

an 
Figur 

me t .  

ar ) own in 
n01 an b char-

� 0.1 .1---- --+----...,;llf.�--_,,��..___-,-:'..__ _ _µ'.___.:__ __ -l 
... "' 
0 
z 

/ 
/ 

0 01'----------'--------'---�/ __ ..__ ____ _._ ____ __. 
I Sl 10 100 IJ.lil 10 100 

SOURCE RESISTJI C( 

F1igure 2. Equiivalenr Input· 

noi·se vs source 1resistance 

f·or 232-A alone and' for 
comblnotion of 1232-A and 

1232-P2. 
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1 8 

xp ri 

ac rized by an 

nera or, 

era tor, ·£ n· 

input i voltage 
a hor:itzont ,1 line 

dia t 

an ·ap 
utpu imp d· nc 

100 Hz, a d 
improv 

t 1 

cap 

Input Impedance: Gr : t r 
parnll 1 "it h �a . 
Output Impedance: l 

han 

will 

ble nega he u 
plifi r, v n wi h a 

imp dan 

SPECIFICATIO N S  

. en in Connectors: 7 1 on ca bl 
Power Requir·ed: 12 2 
12;32-• .  

f h rearn-

of infinite 

of no ad an ag 
wh r bridg 

a gr a as 
r on h G 

an el 

- II. . I ALL 

input o.nd outpu 

µA, uppli <l 
Vol age Gain: Approx 0.7. 
Noise (referred to input ) : 
1 n , .1 pA; hort,-cir ui 

Dimensions (\\'idth-h ip;ht-d p h): %; b 
b r 71 2 in (2 b 1- by l< 0 m 

6 

{ \V}wn u with T. 'I 2.�2-
0ptlmum Source Impedance: • 

Weight: Nlet, 15 oz {-125 gr m ) ; shipping, 
3 l (1. kg). 

('ala.log 
• "u1nber 

1232-9602 
1232-9829 

1240-9829 

1620-9829 

Des er i pl ion 
���-��������+-� 

Type 1232-P'l Preamplifier 
Type 1 232-AP Tuned Amplifier and Null Delecto.r, 
wHh preamplifier 
Type 1240-A P Bridge Oscll cttor-Detector, with 
pregmplifier 
Type 1620-A P Capac tance-Measuring As.&em'My, 
with preamplifier 

i 
$ 95.00 

485.00 

725.00 

2325.00 

) 
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T y p e  1 1 23 D i g i t a l  Sy ncro n o m eter.  

SYNCRONOMETER W ITH -2-4-8 CODE 

A n w r ion f th · :\ , o o-
M ETER digiLal im ompara or1 i 
n \Y availa 1 . 'Ih outpu imp dance 
of th n w mod l ha� b en lowered b , 
a actor f l 0 ,  n d  the ut u ·oding 
ha be n chang d 1-..... --_l,- B n .  All 

ther f a ur of th in · trum n 

tu.ndby att r p w ,r yn hroniza­
tion capabili , f il- fe o peration tc 
- remain u n  hanged.  

In the new in tru mcnt a buffer 
ran�i tor i cl to each of the 44 

data� u p u  line red ucing th o utput 

i mp dance and p rmi "ng t h  c hang 

in coding. Ri time of th d t o u  pu 

are h u  · r duced , implifying he t ran -
fer of preci e i m  data to a par U 1-
'torag uni , print r ,  o:r mput r. 

i D. 0. Fi her an R. W .  • rank, "A _ "iV pproa h t.o 
Precision Time l\lea.suremcnts , "  General Radio Experi­
menter, February-1\l nrch 1 905. 

SPECIFICA T IO N S  
'a me t 1 1 23-A 1, e. 1 t a.s follmvs : 

Ti m e -o f -d a y  Dala O u tp u t :  
Frorn al l de ades, parull 1 1 -2-4- BC D 
Logi 0 :  appr x 0 .  , im d n c  1 kn. 
Logic I : approx 1 5  , impedanc 1 1  kn. 

atal g �Vumb r Descrt,pfion Price in A 

1 2 3-9760 Type 1 1 23 D i g i ta l  S y n cra n om eter ( 1 - 2 - 4 - 8  BCD C o d e ), 
1 I S  V, Bench Model 

$345 0 . 00 

1 1 2 3 - 9763 

1 1 23-9762 

1 1 2 3 - 9765 

T y p e  1 1 23 D i gita l S y n cr o n o m eter ( 1 - 2- 4- 8  B C D  C o d e), 
1 I S  V, R e c k  Model 
T y p e  1 1 23 D i g i ta l  S y ncro n; o m eter ( 1 - 2- 4 - 8  B C D  C o d e),  
230 V, Ben c h Medel 
Type 1 1 23 D i g i tal Sy n cro n om eter ( 1 - 2- 4 - 8  B C D  C o d e), 
230 V, Rack Model 

3450.00 

3450.00 

34 5 0 . 00 

QUANTITY P R I CES FOR EN LARGED SMITH CHARTS 
u r of  h n w n larg d 

h rt (-'....,�" X 3.5")  ann un d 

in pt mber want t r r mor- than 
one pad a a tim nd w ar happy 
b ,n I t.h larger ord r , the follmving 

quan ity price h dule ha been tab­
li h d .  

.Vum.ber 
of Pads 

2 '.3 
-9 

1 0- 1 9  
20 a n d  up 

Price per 
Pad of 75 heets 

6 .  0 
� .75 
5 .50 
S. . 00 
4 .75 

1 9  
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t h  r i m n t  r 

G E N E R A L  R A D I O  C O M P A N Y  
W E ST CONCO R D ,  M A SS AC H U S E T T S  0 1 7 B i  

DO WE HAVE YOUR CORRECT NAM E AND AD D RESS -name, company 

o r  o rg anization, depo rtment, street o r  P.O. box, c·ty, state, and zip code �  

I f  not, please clip the add ress label on this issue and return it to us with 

corrections, or if you prefer, write us; ,a postcard w i l l  do. 

Experi m e n ter  I N DEX 

nt r f  r h 

y a r  n 

a hu-

G N E R A L  R A D I O  C O M P A N Y  
W E S T  C O  C O R D , M A S S A C H U S E T T S  0 1 7 8 1  
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