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Figure 2. Typical frequency stabUlty after Warmup at 
1 kc/s; (a) short term, (h) long I rm. Sampling time is 

0.1 second (100 periods). 
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Figure 3. Measured harmonic distortion of a typical Type 1310-A Oscillalor for 50-ohm and 600-ohm 
loads ond open circuit. When the attenuator is used for open-circuit output voltages of five volts or less, 

rh load seen by rhe os. cillator is 600 ohms. 
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Figure 4. S1pedrum ana1lysis o,f 
1-k.c output. Type 1910-A A1na
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cibs,ence of components at the 
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G E N E R AL R ADIO EX P E R IM E NTE R  

Figure 6. The Type 1310-A O scillator wiJh a Type 1161-A7C Synthe size r use d as an adjustable high
accuracy, high-voltage , low-distortion source for a precision fm-de viation me asure me nt. The output 
fre que ncy, 31.063 kc/ s, whe n use d to modulate an fm ge ne rator produce s a null in the carrie r for a 
±75.00-kc fre que ncy de viation. 

sampling time. The oscillator has all the 
characteristics of a narrow-band dis
tribution amplifier: increasing volt
age and power output, reducing hum 
and distortion, and isolating the stand
ard from load changes with the addi
tional advantage of automatic level 
control. 

The oscillator can also be locked to 
the harmonics of a signal. This allows 

a 

b 

precise frequency :ri:rnltiplication of 
most sources since harmonics are usu
ally present or can be easily generated. 
The accuracy and long-term stability 
of the submultiple source are main
tained in the output, and the wave
form is, of course, sinusoidal. 

Even if the oscillator is not locked 
to a high precision standard, the abil
ity to lock onto any signal can be very 

. 

FREQUENCY IN kc/s 

FREQUENCY IN kc.ls 

HOlllH:ZONTAL SCA 1Ji5 I 

figure 7. (a) The spectrum of the output of a typical sinusoidal 1-kc standard fre que ncy, de rive d by 
division f rom a crystol fre que ncy standard. (b) The output spectrum of a Type 1310-A O scillator that 
has be e n  synchronize d to the 1-kc standard of (a) . Note the re duction in hum, noise , and distortion • 

.. 
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a 

Figure 8. Fourie r synthe sis of a square wave . 
(a) Five oscillators synchronize d to the f irst 
f ive odd-orde r harmonics of a square wave . The 
sinusoidal outputs of the oscillators are adjuste d 
f or phase cohe re nce and summed in the ratio of 
fhe ir re spective Fourie r coe f f icie nts to make a 
Fourie r approximation to the original square wave . 
(b) The original synchronizing square wave. (c) 
The cohe re nt f if th harmonic. (d) The synthe si :ze d 

square wave . 

useful. When measurement are to 
be made at the fundamental or har
monics of the power-line frequency, it 
is often desirable to lock the source to 
the line frequency in order to avoid 
beat . With the oscillator locked to the 
line or its harmonics, there will be no 
beat, and the phase can be adjusted to 
minimize other effect of pickup. 

Although the short-term frequency 
stability, or jitter, of the synchronized 
oscillator output will not be less than 
that of the free-running oscillator, it 
can be better than that of the synchro
nizing source. In this respect, also, it 
behaves like a phase-locked oscillator2 

-

Figure 9. (a} Fre que ncy of out
put of a drif ting 10-cycle iitte ry 
source . (b) O utput f re que ncy of 
oscillator synchronize d to 
source of (a), Note re duction 
in jitte r and ye t tracking of drif t. 
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Or, to express it differently, the syn
chronized oscillator acts as a tracking 
narrow-band filter to reduce short
term instability. Ji""or example, Figure 
9(a) is a plot of the cycle-to-cycle fre
quency of a jittery 10-cycle source 
versus time. Figure 9 (b) shows the same 
measurement made on the output of a 
TYPE 1310-A Oscillator that has been 

ynchronized to the source. Notice that 
the cycle-to-cycle change in frequency 
has been greatly reduced, yet the rela
tively long-term change of about 1 % 
has been faithfully tracked. The ef-

2 Harold T. McAleer, "A New Look at the Phase-Locked 
Oscillator," Proceedinga of!he IRE, Vol 47, pp 1137-1143; 
June, 1959. (GR Reprint No. A-79). 
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GE NERAL RADIO EXPERIME NTER 

Figure 10. (a) 10-kc output of oscillator, amplitude modulate d at 500 c/ s by 9.5-kc signal fe d into the 
synchroniz:ing jack. (b) The re duction of the amplitude modulation in the output of an oscillator that has 

b e e n  locke d to the a-m signal of (a) . 

fective bandwid h of the oscillator to 
frequency perturbation or frequency 
modulation is related to the locking 
range as it i in conventional, automa
tic-phase-controlled oscillators. Since 
the locking range is proportional to 
the synchronizing-signal amplitude, the 
effective bandwidth is also propor
tional to the amplitude. For example, 
if a one-volt signal is used to synchro
nize the oscillator at 100 kc/s giving a 
±3% locking range, then the oscillator 
will have a 3-dB bandwidth of 3 kc/s 
to perturbation in frequency. Thus, 
frequency deviations in the 100-
kc source at a 3-kc rate will be re
duc ed by 3 dB in the output of the os
cillator. 

If the oscillator is operated outside 
the locking range, the ignal fed into 
the synchronizing j ack will beat with 
the oscillator frequency and produce 
an amplitude-modulated output as 
shown in Figure lO(a). The modulation 
will be approximately sinusoidal for 
modulation level up to about 10%. 
Although using the TYPE 1310-A in 
this manner doe not make it a versa
tile source of amplitude-modulated 
signals, it does provide a-m in the 
audio range where it is not normally 
obtainable, but nevertheless useful. For 
example, the modulated output can be 
used to measure the effects of inciden
tal a-m on other measurements, and it 
provides a "wobbulated" source for 

reducing meter friction errors in ac 
measurements. 

The synchronized oscillator can also 
be used to reduce amplitude modula
tion (Figure lO(b) ). This again is a 
natural consequence of the oscillator's 
similarity to a high-Q filter. Any ampli
tude modulation on the synchronizing 
signal is reduced to the extent that the 
modulation sidebands fall outside the 
pass band of the oscillator. 

SYNCHRONIZATION-OUTPUT 
The synchronization jack serves as 

an output as well as an input. Approxi
mately 0.8 volt behind 25 kilohms is 
available regardless of the setting of 
the output attenuator or the size of 
the output load. This output can be 
used to trigger an oscillo cope when 
the oscillator amplitude is often varied; 
frequent readj ustmen of the trigger
ing level is thus eliminated. Also, a 
counter can be driven from the jack 
when a more precise measure of the 
frequency is desired. One side of this 
output is grounded, and the signal is 
180° out-of-phase with the front-panel 
output, which makes possible a high
impedance output balanced to ground 
for driving push-pull circuits. The syn
chronization output will drive any 
size load without increasing the oscil
lator distortion. However, only high
impedance loads are recommended 
where the full frequency accuracy is 
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required. A hort circuit will decrease 
the frequency by 1 to 2 percent. 

Becau e the synchronizing jack i 
simultaneously an input and an out
put two or more oscillator can be 
synchronized by interconnection. Os
cillator connected in thi way will 
operate at the same frequency or mul
tiples of it and can be a<lj usted to 
differ in phase by 1 80 ±75°. 

TECHNICAL DESCRIPTION 
The circuit is a capacitance-tuned 

Wien-bridge oscillator followed by a 
low-distortion, shortable amplifier and 
a constant-impedance, bridged-T at
tenuator. Figure 11 is a simplified dia
gram of the seven-transistor, one-Nu
vistor circuit. A high-gain, wide-barn:� 
amplifier is used for low distortion and 
noi e and to achieve high input and 
low output impedances for u with 
the Wien bridge. This assures that the 
frequency of oscillation is dependent 
only upon the passive values of R and 
C of the bridge. Stable, low-tempera
ture-coefficient metal-film resistors are 

. 

used on all but the lowest-frequency 
range, which use glas -sealed carbon 
resistors. 

A negative-tempera ture-coeffi cien t 
thermi tor is used in the upper half 
of the negative-feedback divider of 
the bridge to keep the oscillator ampli-

AUGUST 196 5 

tude constant, rather than the more 
conventional positive-TC incandescent 
lamp in the lower half. This is in large 
par respon ible for the fiat frequency 
characteristic. 

Changes in oscillator amplitude with 
frequency in any Wi n-hridge oscillator 
may be ca used by thr e major factor : 
(1) unbalance in the value of R for 
the different frequency ranges; (2) un
balance in C values as the oscillator 
frequency is varied across one range; 
and (3) change in the gain phase and 
terminal impedances of the amplifier 
with frequency. These chang s all af
fect the loop gain of the bridge-ampli
fier combination and to maintain 
stable oscillation, the amplitude-regu
la ting mechanism must change the 
negative-feedback divider gain o that 
the over-all loop gain remain at unity. 
It is inherent in incandes nt lamp
regulating circuits that the output 
level must change if the divider gain 
changes. This can be seen by reference 
to the E-1 characteristics of Figure 
12(a) where the subscripted compo
nents, voltages, and current corre
spond to those of Figure 11. The out
put voltage is Es or E1 + R2. and the 
gain of the negative feedback divider 

(R1 and R2) is E2. It is apparent from 
Es 

Figure 12(a) that, regardless of the 

!ilGH-GAIN, 
WIDE-BAND SHORTABLE 

DIFFERENTIAL OUTPUT 50 dB 
WIEN BRIDGE AMPLIFIER AMPLIFIER ATTENUATOR 

Figure 11. Simplified circuit dia
gram of Type 1310-A O s cillator. 

�--...._�........_...�--'----... 

ATTENUATOfl 

OUTPUT 
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Figure 12. Voltage-current cf1aracteristic curves for amplitude-regulating divider of Wien bridge using 
(a) an incandescent lamp, (b) a thermistor. 

actual slopes of the lines involved, for 

the ratio 
E2 to change, the current 
Ea 

through the <livid r must change, and, 

therefore, the output voltage, Ea, must 
also change. 

Figure 12(b) shows equivalent E-1 
characteri tic where a negative-tem
perature-c effici nt thermi or i u ed, 

a in the TYPE 1310-A. In this case, 
the lope of the thermistor curve in 

the ar a of operation near 11 has been 

made equal in magnitude to the slope 
of the R2 line but opposite in sign. 
When the two characteri tics are added 
to obtain the Ea vs I characteristic, 
the result i approximately a hori

zontal 1ine. Hence, the output voltage 
in the normal range of operation is 
indep ndent of the current and, there-

fore, independent of the ratio 
E2. 

The 
Ea 

. E2 . 
f t ratio - i ree o 

Ea 
hange to keep the 

loop gain constant at unity. and yet 
the output voltage, Ea, remains un
changed. 

The grounded-base transistor stage 
following the oscillator translates the 
constant-voltage output of the oscilla
tor into a constant-current source at 

the amplifier output, hunted by a 
600-ohm internal load. It is the fact 

.. 

that the current is con tant and, there

fore, limited, which permit low-imped
ance loads, even a short circuit, to be 
driven without clipping. The circuit 

functions as follows: Voltage Ea is 
maintained constant by the thermistor 

regulator, and, since Ra i much smaller 
than the resistance of the bridge cir
cuit, th current through Ra is also 
maintained constant. This same con

stant current flows through the emit
ter and collector of the output tran
sistor since the forward current gain of 

the transistor is almost unity. The 
high degree of isolation between emit

ter and collector of th ground cl-base 
stage prevents changes of the load 
from being reflected back across Rs. 
The equivalent circuit of the output 
with th internal 600-ohm load shunt
ing it is shown in Figure 13(a). Since 
the h00 of the transistor is small com
pared with the load conductance, the 
more familiar equivalent circuit of 

Figure 13(b) is also correct. 
The method used to synchronize the 

oscillator is commonly called injection 

600ll. 
hob<<6:X, � 

� 20V'[_____ 
(0) (b) 

Figure 13. (a) Equivalent circuit of output systems 
(b) Thevenin equivalent approximation of (a) is 
conventional voltage sou,.c:e behind 600 ohms. 
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Figure 14. Plot of frequency response 
betwe en synchronizing jack and oscil
lator output with dial set to 1 kc/ s and 
with an input of O. 1 volt. O utput level 
ls constant at 1 kc/ s regardle ss of 

the input voltage. 

locking. This same mechanism causes 
some oscillators to beat with the 

power-line frequency or to lock to it. 

It is an old phenomenon, perhaps first 

observed between two pendulum clocks 

hanging on the same wall, and has 

been frequently discussed.3• 4• 6• 6 

The synchronizing signal is injected 

into the negative-feedback loop. For 

small signals, the transfer function be

tween this point and the oscillator 
output is the closed-loop response of 
the oscillator. This results in a gain 
near the frequency of oscillation and 

rejection elsewhere. This rejection re

duces the hum, noise, distortion, and 

both amplitude and frequency modu
lation in the synchronized output. 

Figure 14 is a plot of the forward 

transfer response between the syn
chronizing jack and the output for a 

0.1-volt input with the oscillator set 

at 1 kc/s. In the audio-frequency range 

this curve can be used to estimate the 

reduction in the output of components 

in the synchronizing signal. For exam

ple, if a one-volt signal that has 10% 

a W. A. Edson, Vacuum-Tube Oscillators, John Wiley & 
Sons, Inc., New York, Chapter 13; 1953. 
•P. R. Aigrain and E. M. Williams, " Pseudo-synchroni
zation in Amplitude-Stabilized Oscillators," Proceed
ings of the IRE, Vol 36, pp 800-801; June, 1948. 
6 Robert Adler, "A tudy of Locking Phenomena in 
Oscillators," Proceedings of the IRE, Vol 34, pp 351-
357; June, 1946. 
e Marcel J. E. Golay, " Normalized Equations of the 
Regenerative Oscillator - Noise, Phase Locking and Pull
ing," Proceedings of the IEEE, Vol 52, pp 1311-1330: 
November, 1964. 

AUGUST 196 5 

FREQUENCY IN kc/s 

(0.1 volt) second-harmonic distortion 

is used to synchronize the oscillator, 
the second harrn.onic (2 kc) will be ap

proximately 50 dB below the funda

mental in the oscillator output, reduc
ing di tortion to 0.3%. 

If the oscillator is locked to the same 

1-kc signal with an amplitude of only 

0.5 volt (0.05-volt second harmonic), 

then the second harmonic in the out

put will be 50 dB + 6 dB or 56 dB 

below the fundamental or only 0.15%. 

This illustrates the effective decrease 
in bandwidth as the synchronizing 

signal decreases. Thus, the smallest 

signal that will provide stable locking 

should be used to achieve the greatest 

rejection of unwanted frequencies. 

Figure 15 . Rack-mounted Type 1310-A O scillator 
and Type 1396-A Tone-Burst Generator used to te st 
amplifie r ove rload characteristics. A behind-the 
panel connection to the synchroni zation lack al
lows precise readout of freque ncy on the Type 

115 0-B Digital Frequency Meter. 
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GENERAL RAIDIO EXPERIMENT ER 

The o cilla or ha a 
ac- perat d, r gula � 

whi h a ure uniform 
\vi th ± 10-vol change 
line. 

lf- ontain d, 
pow · upply, 

op rati n v n 
in the 115- o t 

In ummary, the TYPE 1 10-A cil-
lat r, by u ing n w cir uit t hnique 

mod rn tra i torized de ign , pro-
vi a wid -r , high-output, g n-

ral-purp in f l in he 
ma y ppli a ti n ill a-
t r in le tr ni today. I iz , 
ligb w igh , and rugged n truction 
m ke it a nv ni n our, e f a ig
nals, and i s low di tortion, i and 
hum it flat-fr quency hara t 
nnd it good fr qu n ·y 
out tanding p rf rman e. 

In addition, owing to it 
hr nizing f atur , thi 

FREQUENCY 

OIUTPUT 
P·ower: 1 GO m vV in o 60 !1. 

give 

y -
an 

: n
lu i n 

Vo toge: v r 20 V, op n circuit· cuntinuously adjustabl attenuator (appro im· t ly 50 dB). 
Amp,1 fyde Stability� T pie· l drif af r warmup, 
0.02 hort rm (1 min), 1.0 l'o I ng rm (12 
h); both at 1 k 's. 
Frequency Characteristic: ±2 �1 20 c/ to 200 
kc,·s, opeo ircuit or 000-n resistive load. ( ee 
Figur 5). 

oft n p rform many of he functions of 
o her la orator in trumen ts. It c n 
serv as: 

tra king, narrow-band lter to re
e hum> noIBe, an di tortion in a 

io-nal. 

A urce f mp]j ude-mo ed sig-
al . 

An · utomatic-pha - ontroll o il-
a o to reduc fr qu ncy m dul ion or 

ji ter. 
in le-frequ ncy, l·v ling amplifi r. 

pha e-lock d, in oidal-fre u n y 
mul iplier. 

A pha hift r. 
narrow-band i ola ion mplifier. 

WE :r 
CredlU 

Th author grat fuUy acknowJ dg s the co -
tributi of R. G. Fulks who initi. t d the de
v lopment. 

T I  0 S 
llmpedanc.e: Approximat y 600 n. 
Distortion: <0.253 1 50 /s to 50 kc/s1 with 
lin ar lo ds. H11um: <0.02 :Yo indep ud nt of 
att nuat r t ing. 
Synch11c>nlzation: Hi, h-ir p d nstun t
amP.litud , 0. , rm , u pu for use ,.,,.ith 
o.s illo cop , ount r, or otb r o cilia ors. 

GENERAL 

Power Required: 105 125, 5 to 2:35, r 210 to 
2 o , to .,ioo Is, 12 �r. 

Terminals: Two T p 93 Binding Po ts, one 
grounded to pa l. 

Acceuories; Supplied:. Typ CAP-22 Pow r Cord, 
p r fus . 

Accessories Av,allablei Typ 15 O-P95 daptor 
able (t l phone plug to T p 274-1\1 Doubl 

Plug) for conne tion t s rn hronizing jack. 
Mounting: Conv rtible-b nch abinet. 
Dimensions: v\Tidth U, height , depth Ys 
in h (210 b 15- by 21 mm ), over-all. 
Net Weight: 7� lb (3.6 kg). 
Shipping Weight: HJ lb ( 4.ti l g ). 

atalog 
iumb r Des�iption 

Pric 
in A 

1310-9701 
l.560-9695 

Type 1310-A Os;cililato1r 
Type· 1560� P9S Adaptor Cable 

$295.00 
3.00 

General Ra,dio Company 
www.americanradiohistory.com

www.americanradiohistory.com

