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SPECIFICATIONS 

FREQUENCY 
Range: 2 Hz to 2 MHz in 6 decade ranges. Overlap 
between ranges, 5%. 
Accuracy: ±3% of setting. 
Stability (typical at 1 kHz): Warmup drift, 0.1 %. 
After warmup: 0.003% short term (10 min), 0.03% 
long term (12 h). 
Controls: Continuously adjustable main dial covers 
decade range in 305°, vernier in 4 turns. 
Synchronization: Frequency can be locked to ex­
ternal signal. Lock range ±3% per volt rms input up 
to 10 V. Frequency dial functions as phase adjust­
ment. 
OUTPUT 
Voltage: >·20 V open circuit. 
Power: >'160 mW into 6000 • 
Impedance: 600 O. One terminal grounded. 
Attenuation: Continuously adjustable attenuator 
with 46-dB range. 
Distortion: < 0.25%, 50 Hz to 50 kHz with any 
linear load. Oscillator will drive a short circuit 
without clipping. 

Hum: <0.02%, independent of attenuator setting. 

2. 0 

I. 0 

Amplitude vs Frequency: ±2%, 20 Hz to 200 kHz, 
into open circuit or 600-0 load. 

Synchronization: Constant-amplitude (0.8-V), 
high-impedance (27-kO) output to drive counter or 
oscilloscope. 
GENERAL 
Power Required: 105 to 125, 195 to 235, or 21 0 to 
250 V, 50 to 400 Hz, 12 W. 
Terminals: Output, GR 938 Binding Posts; sync, 
side-panel telephone jack. 
Accessories Supplied: Power cord, spare fuses. 
Accessories Available: Adaptor cable 1560-P95 
(telephone plug to double plug); rack-adaptor set. 
Mounting: Convertible-bench cabinet. 
Dimensions (width x height x depth): 8 x 6 x 8 1/8 
in. (205 x 155 x 210 mm). 
Weight: Net, 7% Ib (3.6 kg); shipping, 10 Ib (4.6 kg). 

Catalog 
Number 

1310-9701 
1560-9695 
0480-9838 

Description 

1310-A Oscillator 
1560-P95 Adaptor Cable 
480-P308 Rack-Adaptor Set 
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CONDENSED OPERATING PROCEDURE 
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a. Set the FREQUENCY range switch to the desired frequency 
range. 

b. Set the FREQUENCY dial to the desired frequency. 

c. Set the LEVEL control for the de.sired amplitude. 

After power is applied, allow a l-minute warmup for the 
thermistor to reach its normal operating temperature. For best 
amplitude and frequency stability, allow a 30-minute warmup. 
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SECTION 1 INTRODUCTION 

1.1 Purpose........................................... 1 
1.2 Description........................................ 1 
1.3 Controls and Connectors ................ . . . . . . . . .. . . 2 
1.4 Accessories Supplied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1.5 Supplementary Equipment Available. . . . . . . . . . . . . . . . . .. 4 

1. 7 External Sync Connection . . . . . . . . . . . . . . . . . . • . . .. 5 

1.6 Output Signal Connection . . . . . . . . . . . . . . . . . • • . . •. 6 

1.1 PURPOSE 

The Type 1310 Oscillator is a general-purpose signal source for lab­
oratory or production use. It features wide frequency range; high output; low 
distortion, hum, and noise; high stability and accuracy; plus a synchronizing 
feature which allows such varied uses as filtering, leveling, frequency multi­
plying, jitter reducing, and slaving. 

1.2 DESCRIPTION 

A capacitance-tuned, RC Wi en-bridge oscillator drives a low-distortion 
output amplifier, which isolates the oscillator from the load and delivers a 
constant voltage behind 600 ohms. 

A jack is provided for introduction of a synchronizing signal for phase­
locking or to furnish a signal, independent of the output attenuator setting, to 
operate a counter or to synchronize an oscilloscope or another oscillator. 

INTRODUCTION 
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1.3 CONTROLS AND CONNECTORS 

7 

2 3 4 

The following controls and connectors are on the front panel or on the side 
of the oscillator: 

1 EXT SYNC 

2 FREQUENCY range 

3 FREQlJENCY dial 

4 FREQUENCY vernier 

5 LEVEL 

6 OUTPUT 

7 PI LOT LIGHT 

Input/output telephone jack. For introducing a syn­
chronizing or phase-locking signal from an external 
source or for providing a synchronizing signal, indepen­
dent of the output level, to an oscilloscope, counter, or 
another oscillator. 

Seven-position rotary switch. Combination power switch 
and frequency range switch. 

Continuously adjustable dial. Used with FREQUENCY 
range switch to set output frequency. 

Fine frequency control (4.25:1) for FREQUENCY dial. 

A constant-impedance, bridged-T attenuator which sets 
output level over a 50-dB range. 

%.oinchospaced binding post pair; -lower terminal ground­
ded to chassis. For connection to oscillator output. 

Red translucent monogram. Glows when power is on. 

2 TYPE 1310 OSCILLATOR 
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1.3 CONTROLS AND CONNECTORS continued 

The following connector is on the rear panel: 

Power input Three-terminal male connector. For connection to power 
line. 

1.4 ACCESSORIES SUPPLIED 

Instruction book 

Power cord, 3-wire 

Fuses (I), 0.25 A for 115-V operation or: 
0.125 A for 230-V operation 

Part Number 

1310-0100 

4200-9622 

5330-0700 
5330-0450 

INTRODUCTION 3 
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1.5 SUPPLEMENTARY EQUIPMENT AVAILABLE 

Name GR Type or Part ~o. 

Rack Adaptor PiN 0480-9838 
Set 

Rack Adaptor PiN 0480-9836 
Set 

Tone-Burst Type 1396 
Generator 

Audio-Frequency 
Microvolter* 

Tuned Amplifier 
and Null 
Detector 

Patch cords and 
adaptors 

Type 1346 

Type 1232 

*Trademark registered in U.S.A. 
4 TYPE 1310 OSCILLATOR 

Function 

Allows the Type 1310 to be 
mounted in a standard 19-in. 
relay-rack (see paragraph 2.5). 

Allows the Type 1310 to be 
mounted side-by-side with 
another 8 x 5~-in. convertible­
bench instrument in a standard 
19-in. relay rack (see paragraph 
2.5). 

Allows the output of the Type 
1310 to be gated on and off 
coherently. The gate-on and 
gate-off times are independently 
adjustable from 2 to 128 cycles 
of any output frequency of 
the Type 1310. 

A metered, calibrated attenuator 
that can be used as a self­
contained, low-level de source, 
supplying positive and negative 
voltages from 1.0 /LV to 10 V and, 
in conjunction with an appropriate 
oscillator, as a source of from 
0.1 /LV to 10 V of any ac waveform 
with a spectrum up to 100 kHz. The 
1346 will convert almost any sine­
or square-wave, noise, tone-burst, 
or other generator for operation as 
a calibrated-output source. 

With the Type 1310, forms a detector 
oscillator assembly with a sensitivity 
of 0.1 /LV and a frequency range of 20 Hz 
to 20 kHz, plus two fixed frequencies of 
50 and 100 kHz. 
With the Type 0480-9836 Relay-Rack 
Adaptor Set, the Type 1232 and Type 
1310 can be bolted together to form a 
single unit for either bench or rack 
installation. 

Refer to paragraphs 1.6 and 1.7. 
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1.6 OUTPUT SIGNAL CONNECTION 

AVAILABLE INTERCONNECTION ACCESSORIES 

TYPE 
NO. 

274-NO 
274-NOM 
274-NOS 

274-NP 
274-NPM 
274-NPS 

274-NL 
274-NLM 
274-NLS 

274-LLB 
274-LLR 
274-LMB 
274-LMR 
274-LSB 
274- LSR 

156o-P95 

874-R34 

874-R33 

274-0BJ 

776-A 

DESCRIPTION 

Double-plug patch cord, In-line 36" long 
Double-plug patch cord, in-line 24" long 
Double-plug patch cord, In-line 12" long 

Doubrn-plug patch cord, right-angle 36" long 
Double-plug patch cord, right-angie 24" long 
Double-plug patch cord, right-angle 12" long 

Shielded double-plug patch cord, 36" long 
Shielded double-plug patch cord, 24" long 
Shielded double-plug patch cord, 12" long 

Single-plug patch cord, black, 36" long 
Single-plug patch cord, red, 36" long 
Singl e-pl ug patch cord, black, 24"-long 
Single-plug patch cord, red, 24" long 
Single-plug patch cord, black, 12" long 
Single-plug patch cord, red, 12" long 

Adaptor cable, double-plug to telephone plug, 36" 

Coaxial patch cord, double plug to G R874, 36" long 

Coaxial patch cord, two plugs to G R874, 36" long 

Adaptor, shielded double plug to BNC jack 

CATALOG NO. 

0274-9860 
0274-9896 
0274-9861 

0274-9880 
0274-9892 
0274-9852 

0274-9883 
0274-9882 
0274-9862 

0274-9468 
0274-9492 
0274-9847 
0274-9848 
0274-9849 
0274-9850 

1560-9695 

0874-9692 

0874-9690 

0274-9884 

Patch cord, shielded double plug to BNC plug, 36" long 0776-9701 

874-R22A Coaxial patch cord GR874 to GR874, 36" long 0874-9682 

776-B Patch cord, G R874 (right-angie) to BNC plug, 36" long 0776-9702 

776-C Patch cord, BNC plug to BNC plug, 36" long 0776-9703 

776-D - G R874 to G R874, both right-angie, 36" long 0776-9704 

274.13XA 

INTRODUCTION 5 
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1.7 EXTERNAL SYNC CONN ECTION 

The EXT SYNC connector on the left=hand s ide of the 
Type 1310 IS a telephone jack that accepts a st andard 
telephone plug , When a Type 1560=P95 Adaptor Cable and a 
GR874-Q2 adaptor are used~ all of the GR874 patch cords and 
adaptors listed for the OUTPUT connector can also be us ed , 

1560 -P95 

874 -Q2 

6 TYPE 1310 OSCILLATOR 

Adaptor cable , tel ephone plug to double plug , 
36" l ong 

Adaptor, double-plug to GR874 

1560 -9695 

0874 -9870 
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5iECTI()N 2 INSTALLATION 

2.1 Dimensions ........................................ 7 
2.2 G~ounding ......................................... 7 
2.3 Temperature ....................................... 7 
2.4 Humidity .......................................... 7 
2.5 Rack-Mounting ..................................... 8 
2.6 Power Connection .................................. 10 

2. 1 DIMENSIONS 
.----·8 -----t-I 

.1 

-t=tt:;tt:::~ _______ J / 

2.2 GROUNDING 

A three-wire power cord is used; the third wire (ground) is connected to the 
instrument case. 

2.3 TEMPERATURE 

The Tyge 1310 is designed to ,operate with ambient temperatures of 
from 0 to 50 C and is designed to be stored with ambient temperatures of 
-40 0 to +70 oC. 

2.4 HUMIDITY 

As with all low-frequency, variable-capacitance, RC oscillators, the 
oscillator circuit in the Type 1310 operates at impedance levels of over 
1000 megohms. Consequently, circuit operation, especially frequency accuracy 
on the lower ranges, may be affected under conditions of very high humidity. 

These effects may be minimized with a warmup period which allows the 
internally generated heat to reduce the humidity within the instrument. 

INSTALLATION 7 
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2.5 RACK MOUNTING 

With the Rack 1\daptor Set (PIN 
0480-9838), th~ portable bench 
model can be converted for use 
in an EIA-standard 19-in. relay 
rack with universal spacing. 
Mount the instrument as follows: 

a. Remove the rubber feet 
(A); retain the screws. 

b. Rernove and retain the' 
screws (C) that secure the 
front panel to the alumi­
num end frames. 

CAUTION 

Do not lose the spring and· 
pin held in the threaded­
bottom-end of each frame. 
The pins may pop out 
when the screws are re­
moved. 

c. Remove the spacers (D) 
between the front panel 
and end frames. 

d •. Install two brackets (F) 
on each adaptor panel (J) 
using screws (C), lock­
washers (G) and nuts (H) 
provided. The springs and 
pins should be retained in 
the threaded ends of the 
frames, to prevent their 
loss. 

e. Attach the panels to the 
instrument with the front-
'panel' screws (C) removed 
in' step b. The protruding 
brackets on the adaptor 
panel slide into the space 
left by removal of the 
spacers .(D) •. 

f. To re.convert the .instru­
ment to a bench-mount 
unit, reverse the rack 
mounting procedure. It may 

8 TYPE 1310 OSCILLATOR 

.---

F 

H 

be necessary, however, to 
remove the end frames 
when reinstalling the rigid 
(metal shafts) front feet. 
The end frames slide off 
the side panels. Make sure 
the spring and pin are in­
serted in the bottom thread­
ed hole on the frame, with 
the spring inserted firSt. 
Push the pin back with' a 
pointed obj ect and insert 
the rigid foot through the 
fram~, threaded end first; 
screw the feet on to the 
shafts. 
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Fig. 
Ref· 

J 

F 

c 

H 

G 

K 

2.5 RACK·MOUNTING continued 

With Rack Adaptor Set. PiN 
0480-9836 two instruments can 
be mounted side-by-side; join 
them together as follows: 

a. On one instrument, install the 
clips with the front-panel 
screws removed earlier and 
install the nut plates with the 
foot screws removed earlier. 

b. Secure the two in strume nts to­
gether with front-panel screws 
through the remaining hole in 
each clip and with a foot screw 
through the remaining hole in 
the nut plate. 

Note that the instruments can be 
bench-mounted side-by-side in 
this manner: 
Simply do not remove the two feet 
from each outside end frame and 
do not install the adaptor plates. 

PARTS INCLUDED IN.. THE RACK 
ADAPTQR SET, PIN 0480-9838 

No. 
Used 

2 

4 

8 

8 

8 

4 

Item 

Adaptor Plate 

Hardware Set 
includes: 

Bracket 

Screw, No. 10-32 
I/2-in., with fiber 
washer. 

Nut, hex, No. 10-32 

Lockwasher, No. 10 

Screw, No. 10-32 
Ill-in., with nylon 
cupwasher 

GR Part No. 

0480-8720 

0480-3230 

FOOT SCREW 

c. Install two clips on each 
adaptor plate with the screws, 
lockwashers, and nuts supplied. 

d. Install the adaptor plates to 
the instrument with the front­
panel screws removed earlier. 

e. Mount the assembly in the rack 
with the 10-32 screws sup­
plied. 

Fig. 
Ref· 

J 

F 

c 

H 

G 

K 

PARTS INDLUDED IN THE RACK 
ADAPTOR SET, PIN 0480-9836 

No. 
Used 

2 

6 

8 

8 

8 

4 

Item 

Adaptor Plate 

Hardware Set 
includes: 

Bracket 

Screw, No. 10-32 
I/2-in., with fiber 
washer 

Nut Plate 

Nut, hex, No. 10-32 

Lockwasher, No. 10 

Screw, No. 10-32 
1/2-in., with nylon 
cupwasher 

GR Part No. 

0480-8724 

0480-3240 

INST ALLATION 9 
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2.6 POWER CONNECTION 

The power transformer can be wired to accept 
50- to 400-Hz line voltages of 105 to 125, 
195 to 230, or 210 to 250 volts. 

115-volt line. Power required is 105 to 125V, 
50 to 400 Hz, 12W. Input plate for 115-V 

operation is part number 5590-0500 and at­
taches to the rear of the cover, under the 
hole for the power connector, by means of 
two 4-40 x ? /16-inch screws with attached 
lockwashers ; part number 7090-4030 each. 
For transformer wiring, connect 1 to 3 and L 
to 4. Fuse for F50.2 is 0.25A, 3AG Slo-Blo, 
part number 5330-0700. F501 is a spare 
fuse. Domestic instruments are shipped 

. with this connection unless ordered other­
WIse. 

215-volt I ine. Power required is 195 to 235V, 
50 to 400 Hz, 12W. Input plate for 215-V 
operation IS part number 5590-1668 and at­
tache s to the rear of the cover, under the 
hole for the power connector, by means of 
two 4-40 l( 3/16-inch screws with attached 
lockwashers, part number 7090-4030 each. 
F or transformer wiring, connect 3 to 2L only. 
Fuse for F502 is 0.125A, 3AG Slo-BIo, 
part number 5330-0450. F501 is a spare fuse. 
Export instruments are shipped with this 
connection unless ordered otherwise. 

230-volt line. Power required is 210 to 250V, 
50 to 400 Hz, 12W. Input plate for 230-volt 
operation is part number 5590-1664 and 
attaches to the rear of the cover, under the 
hole for the power connector, by means of 
two 4-40 x 3/16-inch screws with attached 
lockwashers, part number 7090-4030 each. 
For transformer wiring, connect 2 to 3 only. 
Fuse for F502 is 0.125 A, 3AG Sio-Blo, 
part number 5330-0450. F501 is a spare 
fuse. 

10 TYPE 1310 OSCILLATOR 

POWER 
TR ANSFORMER 

T5 01 
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SECTION 3 OPERATING PROCEDURE 

3.1 Normal Operation ................................... 11 
3.2 Characteristics .................................... 12 
3.3 Synchronization Jack. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 
3.4 Applications ....................................... 18 

3.1 NORMAL OPERATION 

a. Set the FREQUENCY range switch to the desired frequency range. 
b. Set the FREQUENCY dial to the desired frequency 
c. Set the LEVEL control for the desired amplitude. 

After power is applied, allow a one-minute warmup for the 
thermistor to reach its normal operating temperature. For best amplitude and 
frequency stability, allow a 3D-minute warmup. 

OPERATING PROCEDURE 11 
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3.2 CHARACTERISTICS 

3.2.1 FREQUENCY RESPONSE 

I­
:::> 

+10% 

~ +5% 
:::> o 
~ 0 
i= 
:3 -5% 
w 
a:: 

-10% 

O.C.\. 

~ 
600n 

,,50n 
........ ~ 

,,\600n 
O.C. 

I Hz 10 100 I kHz 10 100 I MHz 10 
FREQUENCY 

1310B 3 

The output is 20 volts, open-circuit, behind 600 ohms and is adjustable 
over a 50-dB range by a constant-percentage-resolution attenuator. The output 
is constant within ±2% from 20 Hz to 200 kHz for loads of 600 ohms or 
higher. Within the audio range, changes are imperceptible on the usual analog 
type of voltmeter. 

302.2 FREQUENCY STABILITY 

Typical short-term drift 

Typical long-term drift 
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'=.:-:-:::':-: '~==.:-.:..:..: :~~.:: .:,--='::'- ~~:~ =-=-=-===:-.:=: :::=~ 
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,~ .----~ - ""."",.,. 

'~ ,...-~ ..--l....,...ooo' 

15 20 
HOURS 

High-stability, frequency-determining components in the oscillator and 
low, internal power dissipation result in a stable output frequency. Drift during 
warm-up is typically below 0.1% at frequencies above 20 Hz. 

Typically short- and long-term stabilities after warmup are shown at 
1 kHz. Both are with a sampling time of 0.1 s (100 periods) and under normal 
laboratory conditions during the winter months (heat on during the day and off 
at night) • 

. 12 TYPE 1310 OSCILLATOR 
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3.2 CHARACTERISTICS continued 

3.2.3 NOISE 
HO"IZONTAL SCALIE, lIB I 

f-f--f--

FREQUENCY 

Hum is below 0.02% of the output (typically 0.005%), regardless of the 
attenuator setting. Noise at frequencies distant from a I-kc fundamental, meas­
ured in a bandwidth of 5 Hz to 500 kHz, is typically less than 0.02%. Noise 
close to the fundamental is also low as the spectrum analysis of a I-Hz output 
shows. Note the absence of components at the line frequency or its multiples. 

3.2.4 OUTPUT DISTORTION 

2.0~--------+---------~---------+---------4----------~~ 

1.0~--------+--------~---------+--------4----------~""""" 

DISTORTION vs FREQUENCY 

SPECI FICATION 

0.05~--------+---~--~~---------+------~~----------~~ 

50 50 
0.021~0~H:-z--""--~10~0~---~1 k~H~z-----";'-~10----'---1~0~0----I-M.L.H-z~2 

FREQUENCY 1310B·1B 

Harmonic distortion is less than 0.25% over most of the audio range (50 
Hz to 50 Hz ). This low distortion is always available, even at full output, 
because it remains essentially constant regardless of the size of the linear 
load applied, including a shOlt circuit. 

When the attenuator is set for open-circuit output voltages of five volts 
or less, the load seen by the oscillator is 600 ohms, regardless of the size 
of the external load. 

OPERATING PROCEDURE 13 
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3.3 SYNCHRONIZATION JACK 

3.3.1 GENERAL 

A telephone jack (EXT SYNC,] 103 ) is located on the left-hand s ide of 
the oscillator. This is an input/output connector and is used to connect a 
signal to the oscillator or to take one from it. 
There are three important characteristics associated with the use of the EXT 
SYNC feature ~ 

1. Output characteristic. 

2. Input synchronizing or phase-locking characterist.ic. 

3. Input frequency-selectivity or filtering characteristic. 

3.3.2 OUTPUT CH A RACTERISTIC 

A nominal 0.8-volt, rms, output 
sign aI, behind 27 k.o, is a vailable ~~sv, 
from the EXT SYNC jack. The level 

-::::::27k'o' 

I 
I 
I 

::::::3pF:;~~ 
I 
I 

EXT SYNC 

o --I SHIELDED LEADS 
I OR 
I /COAXIAL CA BLE 

~~::: ::::::30 pF PER FOOT 
I 
I 

of this sync output signal is inde­
pendent of the LEVEL control or the 

L--___ ---L __ 1- __ J 

front-panel OUTPUT load. One side of the sync ~output is grounded and the 
signal is 1800 out-of-phase with the front-panel OUTPUT. 

The sync output will drive any size load without increasing oscillator 
di stortion. However, only high-impedance loads are recommended where full 
frequenc y accuracy is required. The worst-case load, a shQrt circuit, will 
decrease the frequency 1 or 2%. 

Stray capacitance of most shielded leads or coaxial cables is about 
30 pF per foot which, at 100 kHz, amounts to shunt impedance of about 55 kil. 
Therefore, cable length should be kept to a minimum when a high-impedance 
load is to be driven at high frequencies. 

3.3.3 INPUT SYNCHRONIZING CHARACTERISTIC 

The oscillator frequenc y may 
be synchronized or locked with 
any input signal which is ap­
plied to the EXT SYNC jack, 
if the oscillator is tuned to the 
approximate frequency of the in­
put. The range of frequencies 
over which this synchronization 
will take place is a function of 
the amplitude of the frequency 
c omponent to which th~ oscil­
lator locks. It increases ap­
proximately linearly, and pro­
duces a lock range of about ±3% 
for each volt input. 

14 T YP E 1310 OSCILLATOR 

>-~ 
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O::w Wu..::> 1.1 
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L&.. ~ a:: /.0 14i----------------
W ~ u. 
> Z ..J 0.9 
- 0 <t t- a:: -<t I Q 0.8 I--+--+--+--t----+--~ .......... 
-.Ju 
W Z 
0::~0.7 

o 2 3 4 5 6 7 8 9 10 
VOLTS,rms 

INPUT AT SYNCHRONIZ ING FREQUENCY !mo-1.1'1 
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3.3 SYNCHRONIZATION JACK continued 

The oscillator maintains synchronizatioll within the lock range if either 
the oscillator dial frequenc.y or the synchronizing frequency is changed. How­
ever, the re is a time constant of about one second a ssoc iated with the sync­
ronization mechanism. Thus if the amplitude or frequency of the sync signal or 
the dial setting of the oscillator is changed, there will be transient changes in 
amplitude and phase for a few seconds before the oscillator returns to steady­
state sync hronization. 

This time constant is caused by the thermistor amplitude regulator as it 
readjusts to the different operating conditions. The thermistor is sensitive only 
to changes in average values of frequency or amplitude where the averaging 
time is in the order of seconds. Hence, frequency-modulated and amplitude­
modulated sync signals, which have a constant average value of frequency 
and amplitude 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 char­
acteristic discussed in paragraph 3.3.4. 

For slow changes in frequency or amplitude, the lock range and the 
capture range are the same; Le., the frequency or amplitude at which the oscil­
lator goes from the synchronized state to the unsynchronized state is the 
same as when it goes from the unsynchronized state to the synchronized state. 

Synchronization is a true phase-lock 
because it maintains a constant phase 
difference between the sync input 
and the oscillator output. The phase 
difference is 0 0 when the dial fre­
quency is identical to the slnc fre­
quency and approaches ±90 as the 
frequency approaches the limits of 
the lock range. Note that the phase 
difference is also a function of the 
amplitude of the sync signal be­
cause the lock range is a function of 
the amplitude. 
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The input impedance of the EXT SYNC jack is 27 kD at all frequencles 
except the synchronizing frequency. At the synchronizing frequency the imped­
ance, in general, is complex and can vary over a wide range including negative 
values because the jack is also a source at the synchronizing frequency. 

Since the jack is a simultaneous source and input, care should be taken 
to insure the sync output voltage does not interfere with the drive source. 
The high output impedance of the EXT SYNC jack makes it easy to minimize 
the sync output signal. For example if the jack is fed from a 600-ohm source, 
less than 20 mV will appear across the source. 

OPERATING PROCEDURE lS 
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3.3 SYNCHRONIZATION JACK continued 

3.3.4 INPUT FREQUENCY SELECTIVITY 

The RC network in the oscillator used to determine the frequency of 
oscillation and to reduce hum, noise, and distortion can also be used to filter 
signals applied externally. Signals applied to the EXT SYNC jack, which are 
close to the frequency of synchronization, will be amplified in the output but 
those frequencies distant from the frequency of synchronization will be re­
duced. The intrinsic selectivity or Q of this filter is constant and determined 
only by the RC Wien network. 

The voltage gain between the EXT SYNC jack and the OUTPUT ter­
minals is constant at any frequency except the frequency of oscillation, re­
gardless of the amplitude of the incoming signals. The curve may be used 
directly to determine the amplitude of any frequency component in the oscilla­
tor output if the amplitude of the input is known. 
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3.3 SYNCHRONIZATION JACK continued 

F or exam pie, we wish to determine the reduction in the harmonic content 
of a I-volt, l-kc signal which has approximately 10% (O.IV) second-harmonic 
distortion. The signal is applied to the EXT SYNC jack of the Type 1310 ; 
the output of the Type 1310 ,is 20 volts and, from the graph, the gain at the 
second harmonic is approximately 1.2. 

distortion "in % = amplitude of ~armonics x 100 = 1.2.x 0.1 x 100 = 0 6% 
, total amplItude 20 • 0 

If the amplitude of the external signal is reduced to 0.5 V (0.05 V har-
monic content), the distortion at the output of the Type 1310 becomes: 

0.05 x 1.2 - 0 30~ 
20 -. /0 

In general, it is not possible to reduce the distortion below the level 
normally present in the oscillator and little would be gained in the preceeding 
example by reducing the input to less than 0.25 volts. 

Often the amplitude of a frequency component relative to the amplitude 
of the frequency of oscillation is of greater interest than the absolute ampli­
tude. The figure shows this response for three different input amplitudes. 
Notice that the apparent selectivity or Q in this relative response is a function 
of the input amplitude. This is because the output at the frequency of oscil­
lation remains constant while the output at other frequencies varies with the 
input amplitude. 
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3.4 APPLICATIONS 

~il T I. IN OUH I l,--el_N -----' 
TYPE 1310 I DEVICE UNDER INDICATOR 

I TEST 
I 

III.rt~A~D~D~IT~IONAL OSCILLATOR 
FOR 1M MEASUREMENTS 

TYPE 1310 1/3,0-151 

Response' measurements. Constant output over a wide frequency range facili­
tates frequency-response measuremen ts. 
Distortion measurements. Low hum and low distortion make it very useful for 
amplifier di stortion me asuremen ts. 

AM and 1M measurements. Low noise levels close to the fundamental allow 
amplitude modulation in magnetic recordings and intermodulation products in 
any device to be measured with ease. 

3.4.1 SIGNAL SOURCE WITHOUT LINE-FREQUENCY BEATS 

Beat frequ~ncy el imination. The ability to lock onto any external signals is 
useful. Often it is desirable to make measurements or to have a source at the 
line frequency or some multiple of the line frequency. A free-running oscillator 
may beat with the line frequency,. but when the oscillator is locked to the 
line or its harmonics, there will be no beat and the phase can be adjusted 
with the FREQUENCY dial to minimize the other effects of pickups. 

3.4.2 SLAVED OSCILLATORS 

Slaving. Because the EXT SYNC jack is simultaneously an input and an out­
put connector, two or more oscillators can be synchronized if their EXT SYNC 
jacks are connected together. Oscillators connected in this manner will oper­
ate at the same frequency or multiples of the same frequency and can be made 
to differ in phase (180° ± 75°) by adjustment of the FREQUENCY dials with­
in the lock range. 

18 TYPE 1310 OSCILLATOR 
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3.4 APPLICATIONS continued 

3.4~3 WAVEFORM SYNTHESIZER 

Fourier synthesis. The ability to lock onto harmonics lends the oscillator to 
interesting applications such as the Fourier synthesis of waveforms. 

In the example shown, a square wave is synthesized by locking the 
oscillators on the sucessive odd harmonics present in the original square 
wave. Any waveform can be synthesized in this manner, provided a source of 
the necessary harmonics is available and the Fourier coefficients are known. 

All sync inputs are paralleled and connected to an oscilloscope's 
square-wave calibrator output. 

Original l·kHz square wave from 
osci Iloscope. 

Fifth harmonic wh ich, I ike the output of 
all the osci lJators, is si nusoidal. 

Synthesi zed square wave. The five o.ut­
puts are adi usted for phase coherence 
and are summed in the ratio of their re­
spective Fourier coefficients. 

---- ---
a • ---

b f\ f\ 1\ ,1\ /\ /\ ,f\ !\ f\ f\ 
~. V V V V \j V V V V V 

~ ~ 
, \ 
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3.4 APPLICATIONS continued 

3.4.4 ACCURATE FREQUENCY SOURCE WITH CLEAN, HIGH, 
SHORTABLE OUTPUT 

One obvious application for the sync capability is to lock one or more 
oscillators to a reference frequency for higher accuracy and greater long-term 
stability • With the oscillator synchronized, its accuracy and long-term sta­
bility will be identical with the reference; short-term stability or jitter will be 
the same as if the oscillator were free-running. 

A Type 1310 can lock to the output of a Type 1161-A7C Coherent 
Decade Frequency Synthesizer, used as a reference-frequency source. 
The oscillator increases the 2-volt output of the synthesizer and reduces the 
already low harmonic content for a precision frequency modulation experiment. 
The frequency of 31.063 kHz, when used to modulate an fm generator, pro­
duces a null in the carrier for a ± 75.000 -kHz frequency deviation. 

The advantages of this accrue from the output characteristics of the 
osc'illator: 

Distortion and hum reduction. The frequency selectivity of the synchronized 
oscillator reduces distortion and hum in the reference source. 

For example, the figure below is the spectrum of a I-kHz, sinusoidal 
frequency, derived by division from a crystal oscillator (Not from the above 
mentioned synthesizer). 
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3.4 APPLICATIONS continued 

The next figure is the spectrum of the output of a Type 1310 Oscillator 
synchronized to the I-kHz frequency on the opposite page. Note the signifi­
cant reduction in distortion, noise, and hum. 

o 

;:: 0 7'1:""'1~ 7. , ~ •... 0"'1 , ... 

FREQUENCY IN ICHz 

Frequency multiplication. The Q.armonic content of the reference can be used 
for precise frequency multiplication since the oscillator can be synchronized 
to the harmonics. The accuracy and long-term stability of the submultiple 
reference are maintained and the oscillator output is, of course, sinusoidal. 
This technique can be used with most signals because harmonics are usually 
present or can be easily genera.ted. 

Amplification. Less than a volt into the high-impedance EXT SYNC jack pro­
duces a full 20-volt open-circuit, or 160-mW into 600 ohms, output. 

I solation. The oscillator isolates and protects the reference source from short 
circuits and nonlinear loads. 

Amplitude stabilization. The output has the same long-term amplitude stability 
as the normal unsynchronized output and is thus free from changes in the output 
level of the reference source. 

Level control. The oscillator provides adjustable output levels which are kept 
constant automatically with changes in frequency. 

OPE-RATING PROCEDURE 21 
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3.4 APPLICATIONS continued 

3.4.5 TRACKING, NAR ROW-BAND FILTER 

Jitter or incidental fm reduction. * Although the short-term stability or jitter 
of the synchronized oscillator can not be better than when it is free-running, 
it can be better than the source to which it is synchronized. In this respect 
it behaves as a phase-locked oscillator or automatic -phase-control (APC) 
oscillator. ** Or, to e~press it differently, it behaves as a tracking, narrow-band 
filter to reduce short-term instability. 

The selectivity of the filter is a function of the input sync signal, and 
the tracking mechanism has a time constant in the order of, one second. The 
effective bandwidth to small frequency perturbations or small fm deviations is 
related to the lock range as it is in conventional APC oscillators; i.e., the 
lock range is the 3-dB cutoff frequency of an equivalent low-pass filter. 

Since the lock range is a linear function of the sync-signal amplitude, 
the effective bandwidth is also the same function of the amplitude. F or ex­
ample, if a I-volt signal is used to synchronize the oscillator at 100 kHz and 
provides a ±3% lock range, the oscillator will have a 3-dB bandwidth of 3 kHz 
(3% of 100 kHz) to perturbations in frequency. Thus frequency deviations in 
the lOa-kHz source at a 3-kHz rate will be reduced 3 dB in the oscillator 
output. 

The figure shows one ex­
ample of i itter reduction: 

TIME 

a. Output frequency of a drifting 'IO-Hz, jittery source. 

1=-_:: F t 

b. Output frequency of an oscillator synchronized to the la-Hz source. Note 
the cycle-to-cycle change in frequency has been greatly reduced, yet the 
relatively long-term change of about l%has been faithfully tracked. 

The low frequency used in this example was chosen for convenience in 
making the graphic recordings. A reduction in jitter or fm can be made at any 
frequency within the range of the oscillator (2 Hz to 2 MHz). The ability to 
track drift, however, is still limited by the one-second time constant of the 
thermistor (paragraph 3.3.3). 

* See D.D.Weiner and B.J .Leon, "The Quasi-Stationary Response of Linear Systems 
to Modulated Waveforms," Proceedings 0/ the IEEE, Vol 53, June 1965, pp 564 to 
57S and reference s. 

** Harold T. McAleer, teA New Look at the Phase Locked Oscillator," Proceedings 0/ 
the IR-E, Vol 47, pp 1137 to 1143, June 1959 (GR Reprint No. A-79). 
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3.4 APP LICATIONS continued 

Incidental am reduction. Just as the oscillator can be used to reduce jitter or 
fm in a signal, it can also be used to reduce am. This is a natural con­
sequence of the oscillator's similarity to a high-Q filter. The amplitude modu­
lation on any signal to which a Type 1310 is synchronized is reduced to the 
extent that the modulation sidebands fall outside the passband of the oscil­
lator. 

The reduction can be calculated from the graph on page 16. For ex­
ample, we wish to determine the reduction in amplitude modulation of a 0.1-
volt, 10-kc signal which has 10% amplitude modulation at 1 kHz (5% or 0.005 
V in each side band). The signal is applied to the EXT SYNC jack of the 
Type 1310 ; the output of the Type 1310 is 20 volts and, from the graph, 
the gain at 9 kHz and at 11 kHz is 8.50 

. _ amplitude of side ban ds x 100 _ (805 x 00005
2
) 0+ (8 05 x 00005) am, In % - -

total amplitude 

x 100 = 0.425% 

The figures show one example of am reduction: 

lO-kHz signal modulated at 500Hz applied 
to EXT SYNC jack. 

Reduction in am in the output of the 
osci Ilator locked to the signa I above. 

3.4.6 AMPLITUDE·MODULATED OSCILLATOR 
Amplitude modulation. If the oscillator is operated outside of the lock range, 
the sync signal will beat with the oscillator frequency and produce an audio­
frequency, amplitude-modulated output. The modulation will be approximately 
sinusoidal for modulation levels up to about 10%. 

This arrangement is not ideal, but it does provide amplitude-modulated 
signals in the audio range where normally they are not conveniently obtain­
able. Modulated outputs of this type can be used to measure the effects of 
incidental am on other measurements and to provide a modulated source to 
reduce meter-friction errors in ac measurements. 

The figure shows one example of amplitude modulation: 

10-kHzoutput of an oscillator modulated 
at 500Hz by a 9.S-kHz signal applied to 
the EXT SYNC jack. 

OPERATING PROCEDURE 23 



ArtekManuals => 2012

3.4 APP LICATIONS continued 

3.4.7 OUTPUT SYNC 

o sci II os cope trigger. Since the sync output is independent of the output level, 
it can be used to trigger an oscilloscope in applications where the oscillator 
output is often varied, thereby eliminating frequent readjustment of the oscil­
loscope trigger circuits. 

EXT 
SYNC 

-

;> 

OUTPUT 

TYPE 1310 

IN OUT 

DEVICE UNDER 
TEST 

1 

0 • EXT 
TR IG 

VERTICAL 
INPUT 

OSC 1 LLOSCOPE 

Im o- 14A I 

Counter trigger. A counter can be driven from the EXT SYNC jack when more 
precise adjustment of frequency is desired or when the front-panel output is 
not sufficient to trigger the counter. 

EXT 
SYNC 

TYPE 1310 

INPUT 

COUNTER 

11310 -1401 

Balanced output. The output sync signal is 180 0 out-of-phase with the front­
panel output, which makes it possible to obtain a high-impedanc e output, 
balanced with respect to ground, to drive push-pull circuits. The degree of 
balance is conveniently set with the LEVEL control. 

ATTENUATOR SET FOR:::;;:;: 0,8 V 

EXT 
SYNC 

= 

TYPE 1310 
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SECTl()N 4 

PRINCIPLES OF OPERATION 

4.1 Bridge . • . • • • • • • • . • • • . • • • • ... . • • • . . • . . • . • • • 25 
4.2 Amplifier. . • . • • • • • • . • • • • . • • . . • . . • • • • • • • . • · 29 
4.3 Power Supply ........••..•..••..••....•..•. 31 
4.4 Synchronization • • . • • • • • . . . • . • • . • • . • . . . . . • • . 31 

4.1 BRIDGE 

FREQUENCY- DETERMINING ! DIVIDER 

\ Ro 

AMPLITUDE DETERMINING DIVIDER 

-FEEDBACK 

1 r 
A Wien bridge consists of two parts, a frequency-determining impedance 

divider which provides positive feedback to sustain oscillation and an ampli­
tude-determining resistive divider which provides negative feedback to sta­
bilize amplitude. 

PRINCIPLES OF OPERATION 25 
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4.1 BRIDGE continued 

4.1.1. FREQUENCY 
FEEDBACK 

1 t~ 
RL 

":'" ":'" 

~ 

The operating frequency, fo' of a Wiencobridge oscillator depends on the 
values of the components in the impedance divider: 

In the Type 1310 ,Ra is made equal to Rb and C a is made equal to C b• 
Ra and Rb consist of six pairs of resistors selected by the range switch. 

Stable,low-temperature-coefficient, metal-film resistors are used on all ranges 
except the lowest where glass-sealed carbon resistors are used. C a and C b 
consist of two variable, air capaci tors ganged together and controlled by the 
frequency dial. 

o 
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FREQUENCY 

The transfer function (gain and phase shift) of the frequency divider is: 

~ ______ 1 ________ _ 

E3 3 + j ( ~ _ WO) 
Wo W 

At the operating frequency, W = Wo , therefore: 
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4.1 BRIDGE continued 

This means that at the operating frequency of the oscillator, one-third 
of the signal applied to the divider appears at the input to the amplifier. 

To sustain oscillations in any oscillator, a loop gain of unity is nec­
essary, i.e." the gain from anyone point in the circuit, around the loop and 
back to that same point, must be equal to one. Thus: 

GL= GA x El =1 
E3 

loop gain amplifier gain divider gain 

Or: 

GA 
GL 1 

= = = 3 
F, 1 /E3 1/3 

The amplifier, then, must have a gain of 3 to preserve unity gain in the 
loop and therefore to sustain oscillation at woe 

4.1.2 AMPLITUDE STABILIZATION 

Under ideal conditions, the only requirement for stable oscillations is a 
constant loop gain of 1, Leo, if the amplifier gain and impedance divider gain 
remained constant with changes in frequency, circuit parameters, and environ­
ment, only the frequency-determining impedance divider would be necessary. 

However, changes in frequency and environment affect the gain, phase, 
and terminal impedance of the amplifier and slight unbalances in C and R 
affect the gain (voltage ratio) of the divider. These factors change the loop 
gain and would cause the oscillator amplitude to increase or decrease. 

For example, if these anomalies resulted in a momentary decrease in 
E 3, El would decrease, further decreasing E 3, and so on until the ampli­
tude became zeroa Conversely, if E 3 were to increase momentarily, E 1 would 
increase, further increasing E 3 until the amplifier saturated. This latter 
case can be easily demonstrated by removing the thermistor, RI07, and moni­
toring the output .. The output will be square waves instead of sine waves and 
will not necessarily be at the frequency indicated on the diaL 

FEEDBACK 
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4.1 BRIDGE continued 

To overcome this problem with a single divider, a second divider,Rl and 
R 2, is added. The output, E 2, of this di vider takes the place of the input 
ground reference and the input to the amplifier is now the difference bet\\~een 
the output of the two dividers (E 2 is negative feedback and if it increases, 
E ~ decreases). Note that the amplifier is across the bridge as is the detector/ 
amplifier of any bridge. 

The transfer function of the resistance divider is the simple voltage 
ratio: 

The loop gain is now: 

and must still be equal to 1 for stable anlplitude. 

+v 

A R. 

FEEDBACK 

Co I 
I T RI E4 

t 
I 
I 

cbl 
_:1 R2 EI E2 E3 Rl 

11 1 ~ 

In order to stabilize E 3 with changes in frequency and amplifier gain, 
a negative-temperature-coefficient thermistor is used for R 1• An ordinary 
resistor is linear, its resistance remains essentially constant as the current 
through it changes. But the thermistor used in the Type 1310 is non linear, 
its resistance decreases as the current through it increases. 

To explain the action of the thermistor, the amplifier is shown as a 
current source with a certain current-delivering capability (represented by the 
constant voltage, + V, and a resistor, Rg). 
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4.1 BRIDGE continued 

Note that the same voltage, E 3' IS across all three legs (impedance 
divider, resistance divider, and RL ),: 

E 

/ 
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/' E_ 

I 
<c,. / 
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/ E4 
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/ E2 
/ , 

WITHOUT THERMISTOR 
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E 

THERMISTOR 
OPERATING 

,REGION "I 
E2 +E 4 ,-________ E_ 

'><;:~", E4 

I~ 

E2 

I 
WITH THERMISTOR 

II.JlO-I6" 

When an ordinary resistor is used for R b the voltage drops across R 1 
and R 2 change in direct proportion to the current through them, which, in turn, 
changes in direct proportion to the gain (current-delivering capability) of the 
amplifier. In the above graph, the result of increasing current, I, is shown. 
Since E 3 is the sum 0 f E 2 and Eti, E 3 rises linearly as the gain of the ampli­
fier rises. 

When a thermistor is used for R], and its resistance characteristic is 
chosen so that the slope of its IR drop is equal to the slope of the IR2 drop 
but of opposite sign, E3 remains constant with changes in amplifier gain. 
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4.2 AMPLIFIER continued 

The differential input stage is a field-effect Transistor (FET, Q100. 
The positive feedback voltage Er, from the bridge is applied to the gate (G) 
and the negative feedback voltage, E2, is applied to the source (S). The 
bridge is returned to ac ground via C107, CRlOl and Cl09. 

+68V 

RI03 

0100 D 

RI05 
RI06 

ac FEEDBACK .. 
1cl06 

+80 v +68V 

Rill 

30V 

RI05 
@ ~-l f---+-----.J 

OUTPUT 
LEVEL 

ADJUST 

RI13 

----d-C-FE-E-D-B-AC-K------1~ @BIASADJUST 

-= 

The drain (D) current of QlOO is applied to a groundedobase amplifier, 
QlOl. Dc bias for QlOO is maintained at +15 volts by a divider, Rl04 and 
CR102. The amplified signal is taken from the collector and applied to the 
base of QI02 in a common-emitter connection. 

The output of Q102 is taken from the collector and applied to the base 
of an -emitter-follower, Q103. The output of Q103 is taken across Rl09 (RL> 
which is connected through Cl06 to the top of the bridge and forms the ac 
paths for the impedance divider and resistance divider described earlier. 

The collector current of Q103 drives the grounded-base stage, Ql04, 
whose output appears across RIll and is applied through the attenuator to 
the OUTPUT terminal J 101. Dc negative feedback is used around the entire 
direct-coupled amplifier to maintain stable dc-operating conditions. This feed­
back path is from the collector of Q104, through R113 which controls the mag­
nitude of the feedback to the gate (G) QIOO. 
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4.3 POWER SUPPLY 

G504A 

R506 

R510 
L-----t-----~~~~~~--+80V 

""= G501 R509 ---,--
POWER 
SUPPLY t---------.. +68 V 
ADJUST 

CR508 

The power supply contains two regulators which provide two outputs: 
+80 volts B+, and +68 voltsB+. 

The B + supply consists of a full-wave bridge rectifier (CR501 through 
CR504), a series regulator (Q501), and an amplifier-comparator (Q503). The 
+80-volt output is taken from the emitter of Q501 through a decoupling network, 
R510 and C501. Error voltage from the center arm of R504 is applied to the 
base of the comparator, Q503, whose bias is set by a 68-volt Zener diode, 
CR507. The comparator amplifies and inverts the error voltage and applies it 
to the base of the series regulator to maintain a constant, low-ripple, +80-
volt output. 

The +68-volt output is taken from the center of a divider, R509 and 
CR508, connected to the +80-volt supply. CR508 is a 68-volt Zener diode 
which maintains a constant output. 

4.4 SYNCHRONI ZATION 
The method used to synchronize the oscillator is commonly called in­

jection locking and is the same mechanism that causes some oscillators to 
beat with the power-line frequency or to lock with it. It is an old phenomenon 
and has been frequently discussed in the literature.· 

Injection locking is a natural extension of the normal oscillator opera­
tion and, except for an isolating resistance and capacitance, is dependent 
only upon the proper operation of the oscillator. The naturalness of the ex­
tension is apparent when it is realized that normal operation is, in fact, only 
an amplitude-regulated, frequency-selective regeneration of noise sources 
within the oscillator. Synchronization is an amplitude-regulated, frequency­
selective regeneration of an externally applied signal. 

• W.A.Edson, Vacuum-Tube Oscillators, John Wiley & Sons, Inc., New York, Chapter 
13; 1953. 
P .R.Aigrain and E .M. Williams, "Pseuodo-synchronization in Amplitude Stabilized 
Oscillators," Proceedings of the IRE, Vol. 36, pp SOO-SOI; June, 1945. 
Robert Adler, "A Study of Locking Phenomena in Oscillators," Proceedings of the 
IRE, Vol. 34, pp 351-357; lune, 1946. 
Marcel J .E.Golay, "Norma ized Equations of the Regenerative Oscillator-Noise, Phase 
Locking and Pulling," Proceedings of the IEEE, Vol. 52, pp 1311-1330; November, 
1964. 
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SECTION 5 SERVICE AND MAINTENANCE 
5.1 Warranty .......................................... 32 
5.2 Service ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 32 
5.3 Routine Maintenance. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 32 
5.4 Cover Removal. .................................. " 33 
5.5 Pilot Lamp Replacement. . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 

5.6 Access to Etched-Board Components. . . . . . . . . . . . . . . . .. 33 
5.7 Minimum Performance-Specifications. . . . . . . . . . . . . . . . .. 33 
5.8 Trouble-Shooting Notes .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 
5.9 Amplifier Open-Loop Testing. . . . . . . . . . . . . . . . . . . . . . .. 35 
5.10 Calibration Procedure ............................... 36 
5.11 Switch Removal-Replacement. . . . . . . . . . . . . . . . . . . . . . .. 41 

5.1 WARRANTY 
We warrant that each new instrument sold by us is free from defects in 

material and workmanship, and that, properly used, it will perform in full 
accordance with applicable specifications for a period of two years after 
original shipment. Any instrument or component that is found within the two­
year period not to meet these standards after examination by our factory, dis­
trict office, or authorized repair agency personnel, will be repaired, or, at our 
option, replaced without charge, except for tubes or ba tteries that have given 
normal service. 

5.2 SERVICE 
The two-year warranty stated above attests the quality of materials and 

workmanship in our products. When difficulties do occur, our service engineers 
will assist in any way possible. If the difficulty cannot be eliminated by use 
of the following servic e instructions, please write or phone our Service De­
partment (see rear page ), giving full information of the trouble and of steps 
taken to remedy it. Be sure to mention the serial and type numbers of the in­
strument. 

Before returning an instrument to General Radio for service, please 
write to our Service Department or nearest district office, requesting a Re­
turned Matexial Tag. Use of this tag will ensure proper handling and identifi­
cation. For instruments not covered by the warranty, a purchase order should 
be forwarded to avoid unnecessary delay. 

5.3 ROUTIN E MAINTENANCE 
None required. 

5.4 COVER REMOVAL 

Turn the two knurled nuts on the rear of the cover counterclockwise and 
pull the cover straight back and off. 

32 TYPE 1310 OSCILLATOR 



ArtekManuals => 2012

5.5 PILOT LAMP REPLACEMENT 

The pilot lamp and lens form an integral assembly that should last the 
life of the instrument. However, it can be removed by cutting the plastic re-
taining band and pushing the lamp assembly out from the rear. To replace the 
lamp assembly, insert it from the front, install a new retaining band with the 
beveled edge toward the front, and push it all the way in to the panel. 

5.6 ACCESS TO ETCHED·BOARD COMPONENTS. 

FREQUENCY 
RANGE 

SWITCH 

ETCHED 
BOARD 

, 
\. 

\ 
\ 

\ 
\ 
I 
I 
I 

SECURING 
SCREW 

Disconnect from the etched board the six wires that are connected to the 
FREQUENCY range switch, remove the two securing screws, and swing the 
board up. 

5.7 MINIMUM PERFORMANCE SPECI FICATIONS 

The following specifications are recommended for incoming inspection 
or periodic operational checks. Detailed procedures are given in the Calibra­
tion Procedure, paragraph 5.10. 

Conditions : 115-V line, 30-minute warmup. 
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5.7 MINIUM PERFORMANCE SPECIFICATIONS continued 

Calibration OUTPUT FREQUENCY 
Procedure LEVEL Range Dial 

Step Check Setting Setting Setting Specifications 

5.10.4 Output level fully cw 200Hz-2kHz 10 >20Y, rms 

5.10.5 Frequency fully cw each 10 ±3% of indicated value 

5.10.6 Distortion fully cw 20Hz-200Hz 5 < 0.25% 
fully cw 2kHz-20kHz 5 < 0.25% 

5.10.7 Hum fully cw 200Hz-2kHz 10 < 0.02% 

5.10.S Sync output 200Hz-2kHz 10 ~ O.SY, rms 

5.10.9 Output power fully cw 200Hz-2kHz 10 >9.SY, rms into 600-.0 load 

5.10.9 Output response set for 10v, 200Hz-2kHz 10 
rms 200Hz-2kHz 2 9.S to 1O.2Y, rms 

200Hz-2kHz 20 9.S to 10.2Y, rms 

5.8 TROUBLE-SHOOTING NOTES 

Additional troubleshooting information is contained in the Calibration 
Procedure, paragraph 5.10, and on the schematic page, 

In all cases, except total failures such as a blown fuse, first check the 
power supply voltages and dc operating level. These must be correctfor proper 
operation. 

Always allow 

+SO-Y B+ 
+6S-Y B+ 
Dc bias 

a 30- minute warmup before making any final adjustments. 

+So Y dc at TPB, ac!just R504 
+6s Y dc at C502 
+46 Y dc at TPA, adjust R113 

Inaccurate frequency .......... High end of 2-20 Hz range: C114. 
200kHz-2MHz range: C102 misadjusted, refer 
to paragraph 5.10.5 for adjustment procedure. 
One range only: Ra or Rb for that range. 

Lower ranges: Dirt, grease, or high humidity 
may have affected Ra or Rb, frequency will be 
too high. 
All ranges: C a or C b or improper frequency ad­
justments, refer to paragraph 5,10.5 for adjust­
ment procedure. 

Excessive distortion .......... Output level improper, adjust RlOS for mini­
mum distortion (about 20,5Y, rms, at OUTPUT 
terminal, voltage must be over 20Y and RlOS 
must not be adjusted to either of its extremes). 
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5.8 TROUBLE-SHOOTING NOTES continued 

Excessive hum ............... Power supply not regulating properly and one 
. or more of the voltages contain excessive 

ripple: 
Check Dc Maximum 

Supply Point Value Ripple 

+80V B+ TPB +80 V 10mv, p-to-p 

+68V B+ C502 +68 V lmv, p-to-p 

Poor response ................ (Output varies with frequency) RIO? (thermis­
tor) or grossly improper frequency adjustments, 
refer to paragraph 5.10.5 adjustment procedure. 

Instability ur excessive noise ... eRI02 (select for low noise), CI04, or Q104. 
Dust between plates of CIOI or wiper dirty 
or otherwise making poor contact. 

5.9 AMPLIFIER OPEN-LOOP TESTING 

The oscillator uses a large a- d. 
mount of feedback so that trouble at 

Trace the signal through the am­
plifier with an oscilloscope with 
a short, low-capacitance, high­
impedance probe to prevent spuri­
ous oscillations: 

one point will manifest itself at most 
other points and no clear idea of where 
the trouble originates is possible_ In 
these cases, open-loop testing is rec­
ommended; i.e., testing the amplifier 
alone, without feedback: 

a. Unsolder the lead to A TIIO on 
the etched board and unsolder one 

. end of the thermistor, RI07 to 
open the ac feedback path. 

b. Set the controls as follows: 
FREQUENCY range .... 2kHz-20kHz 
FREQUENCY dial ..... 2 (2kHz) 
LEVEL control ........ fully cw 

c. Apply a I-V, p-to-p, 1kHz signal 
to the EXT SYNC jack, J 103. 

ATl07 

ATI06 

QIOO 
PIN 0 

QIOI 
COLLECTOR 

QI02 
EMITTER 

QI02 
COLLECTOR 

TPA 

t 
IV 
I 
t 

ISmV 

• t 
ISmV 

» 
t 

120 mV 

• ! 
IIOmV 

4 
r 

S.8V 

• 'l 
44V 

• 

~ SINE 

~ SINE 

~ SINE 

~ SLIGHTLY 
NON-SINE 

~ SLIGHTLY 
NON-SINE 

~ SINE 

~ SINE 

13108-2 
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5.10 CALIBRATION PROCEDURE 

5.10.1 INTRODUCTION 

This procedure can be used for troubleshooting or calibration. 
If used for troubleshooting, the steps can be performed in any order. The 

usual practice would be to perform only the step that pertains to the suspected 
circuit. 

If used for calibration, the steps should be performed in sequence since 
one step serves as a foundation for the next. A complete calibration insures 
that all circuits are operating properly and within specifications. The Type 
1310 Oscillator incorporates the high reliability one would expect of con­
servatively designed, semiconductor circuits and routine calibrations are 
unnecessary. 

5.10.2 EQUIPMENT REQUIRED 

The following equipment is required for a complete calibration of the 
Type 1310 Oscillator. The specifications given for the equipment are those 
necessary for the calibration of the Type 1310 and are not necessarily those 
of the recommended equipment. 

Metered, adjustable autotransformer 

Output: 105 to 125V (or 195 to 235 or 210 to 250V), 12W. 
Meter: Ac, ±3% accuracy. 
The Type W5MT3W Metered Variac" Autotransformer is recommended. 

Electronic voltmeter 

Voltage: 40 to BOV, dc; O.B to 25V, rms, 20 Hz to 2 MHz, ±2% accuracy. 
Impedance: 100 kD or greater. 
The Type 1B06 Electronic Voltmeter is recommended 

Digital frequency meter {counter} 

Frequency: 2 Hz to 2 MHz, ±0.1% accuracy. 
Sensitivity: 1 to 25V, rms. 
Impedance: 100 kD or greater. 
The Type 1191 Counter is recommended. 
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5.10 CALIBRATION PROCEDURE continued 

Oscilloscope 
Bandwidth: 2 Hz to 2 MHz (-3dB points) 
Sensitivity: 1 to 25V, rms. 
Impedance: 1000 or greater. 

Wave Analyzer 

Frequency: 50 Hz to 150 kHz. 
Sensitivity: 20 mV to 25V, rms. 
Impedance: 100 kD or greater. 

Test Oscillator 
Frequency: 1 kHz. 
Amplitude: 1 V, rms, into 25 kD. 
The Type 1210, 1310, or 1311 Oscillator is recommended. 

Load resi stors 

50 D ±1%, lW. The Type 500-C Resistor is recommended .. 
600 D ±1%, lW. The Type 500-G Resistor is recommended. 

5.10.3 POWER SUPPLY and BIAS VOLTAGES 

Connect the Type 1310 to an ac line via a metered adjustable auto-
transformer and set the transformer for 115-V output. Set the Type 1310 con­
trols as follows: 

'1 
R504 

'1 R1l3 

FREQUENCY range ....... 200 Hz-2 kHz 
FREQUENCY dial ........ 10 (1 kHz) 
LEVEL control. .......... fully cw 

Power Supply. Connect a voltmeter to TPB and adjust R504 for +80V, dc. 

Bias. Connect a voltmeter to TPA and adjust RIB for +46X, dc. 

Ripple. Connect an oscilloscope to TPB and check 120-cycle ripple at 
105,115, and 125-V line; must be less than 10 mY, p-to-p(l-kHzsignal 
must be less than 250 mY, p-to-p). 

Allow a 30-minute warmup then recheck the adjustment of R504 and R113. 

5.10.4 OUTPUT LEVEL 

FREQUENCY range ....... 200 Hz-2kHz 
FREQUENCY dial . ....... 10 (I kHz) 
LEVEL control. .......... fully cw 
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Rl08 

5.10 CALIBRATION PROCEDURE continued 

Maximum output. Connect a voltmeter to the OUTPUT terminal and ad­
just RlO8 for 20.5V, rms. The instrument should be on for at least 30 
minutes before this adjustment is made. 

LEVEL control operation. Vary the LEVEL control over its full range 
the output level must change smoothly. If it does not, the LEVEL po­
tentiometer, RIl7, is noisy and should be replaced. 

5.10.5 FREQUENCY 

,~ 

Cll] 

'l 
C1l2 

,~ 

Cl02 

,~ 

C1l4 

FREQUENCY range .200 Hz-2 kHz 
FREQUENCY dial ........ 2(200 Hz) 
LEVEL control. . . . . . . fully cw 

200-Hz mechanical adjustment. Connect a counter and a voltmeter to the 
EXT SYNC jack and set the FREQUENCY dial for a ten-period count 
of exactly 50 ms. Loosen the set screws on the FREQUENCY dial and 
position the dial on the shaft to read exactly 2 with a reading of 50 ms 
on the counter. Snug-up the set screws but don't tighten. Note the volte 

meter reading. 

2 kHz, capacitor adjustments. Set the FREQUENCY dial to exactly 20. 
Simultaneously adjust Clli and C1l2 for a counter frequency reading of 
exactly 2 kHz and the same voltmeter reading noted above. 

The mechanical adjustment and capacitor adjustments interact; repeat 
until the measurements are correct and the voltmeter readings are equal 
at both ends of the diaL 

Stability. Disconnect the voltmeter and connect an oscilloscope in its 
place. Rotate the FREQUENCY dial over the entire 200 Hz-2 kHz range; 
there must be no instability or other erratic operation. If there is, it is 
usually caused by the rotor wiper arm of the tuning capacitor, ClOI, or 
dust in CIOl. Disconnect the oscilloscope. 

2·MHz adjustment. Set the FREQUENCY range to 200 kHz-2 MHz and set the 
FRE~ENCY dial to 20 (2 MHz). Adjust ClO2 for a counter frequency 
reading of exactly 2 MHz. 

20·Hz adjustment. Set the FREQUENCY range to 2 Hz-20 Hz and set the 
FREQUENCY dial to 20 (20-Hz). Adjust C1l4 for a counter 10-period 
reading of exactly 500 ms. 

Frequency checks. Perform the following frequency checks: 
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5.10 CALIBRATION PROCEDUR E continued 

Range Dial 
Setting Setting Counter Reading Remarks 

* 200Hz-2kHz 2 (200Hz) Ten period 48.5 to 51.5 ms *Mechanically position 
FREQUENCY dial 

200Hz-2kHz 5 (500Hz) Ten period 19.4 to 20.6 ms 
200Hz-2kHz 10 (lkHz) Frequency: 970 to 1030 Hz 
200Hz-2kHz 15 (1.5kHz) Frequency: 1455 to 1555 Hz 

* 200Hz-2kHz 20 (2kHz) Frequency: 1940 to 2060 Hz *Adjust Clll and Cll2. 

2kHz-20kHz 10 (lOkHz) Frequency: 9.7 to 10.3 kHz 

20kHz-200kHz 10 (100kHz) Frequency: 97 to 103 kHz 

200kHz-2MHz 10 (IMHz) Frequency: 0.97 to 1.03 MHz 
*200kHz-2MHz 20 (2MHz) Frequency: 1.94 to 2.06 MHz * Adjust CI02 

20Hz-2MHz 20 (200Hz) Ten period 48.5 to 51.5 ms 
20Hz-200Hz 2 (20Hz) Ten period 485 to 515 ms 

2Hz-20Hz 2 (2Hz) Ten period 4850 to 5150 ms 
2Hz-20&z 10 (lOHz) Ten period 970 to 1030 ms 
2Hz-20Hz 20 (20Hz) Ten period 485 to 515 ms * Adjust C114 

-Adjusted earlier in this step. 

5.10.6 DISTORTION 

FREQUENCY range ....... 20 -200 Hz 
FREQUENCY dial ........ 5 (50 Hz) 
LEVEL control ........... fully cw 

50 Hz. Disconnect the counter from the OUTPUT terminals and connect a wave 
analyzer in its place. Measure the second- and third-harmonic distortion (100 
Hz and 150 Hz); total distortion must be less than 0.25%. 

Total distortion= (second-harmonic distortion)2 + (third-harmonic distortion)2 

50 kHz. Change the FREQUENCY range to 20 kHz-200 kHz (50 kHz) and 
measure the second- and third-harmonic distortion (100 kHz and 150 kHz); 
total distortion must be less than 0.25%. 

These measurements may also be made with a distortion meter. 
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5.10 CALIBRATION PROCEDURE continued 

5.10.7 HUM 

FREQUENCY range ....... 200 Hz-2 kHz 
FREQUENCY dial ........ 10 (1 kHz) 
LEVEL control ........... fully ccw 

Open circuit hum. Keep the wave analyzer connected to the OUTPUT terminals 
and measure the hum at 60, 120, and 180 Hz; total hum must be less than 0.02%. 

total hum = \J (hum at 60 Hz).2+ (hum at 120 Hz) 2 + (hum at 180 Hz) 2 

5.10.8 SYNCHRONIZATION 

FREQUENCY range ....... 200Hz-2kHz 
FREQUENCY dial ........ 10 (kHz) 
LEVEL control ........... fully cw 

Sync in. Disconnect the wave analyzer from the OUTPUT terminals and con­
nect a counter in its place. Connect the output of another oscillator (test 
oscillator) to the EXT SYNC jack and set the test oscillator for IV, rms, of 
exactly 1 kHz. 

Very slowly increase the FREQUENCY dial setting of the Type 1310 
until it drops out of sync (counter reading changes from 1 kHz to some higher 
frequency). Reduce the output amplitude of the test oscillator to below 50mV, 
rms, or turn its power switch off and note the counter reading (free-running 
frequency of the Type 1310 ); must be greater than 1030 Hz (1 kHz ±3%). 

Sync out. Disconnect the test oscillator from the EXT SYNC jack and connect 
a voltmeter in its place. The sync out amplitude must be 0.8V, rms, or greater. 

5.10.9 OUTPUT RESPONSE 

Connect a 600-ohm load and a voltmeter to the OUTPUT terminals and 
check as follows: 

FREQUENCY 

Range Dial 
Setting Setting 

200Hz-2kHz 10 (1kHz) 
200Hz-2kHz 10 (1kHz) 
200Hz-2kHz 2 (200Hz) 
200Hz-2kHz 20 (2kHz) 

2kHz-20kHz 20 (20kHz) 

20kHz-200kHz 20 (200kHz) 

20Hz-200Hz 2 (20Hz) 
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Output voltage. rms 

> 9.8V 
Set LEVEL control for exactly lOV 
9.8 to 10.2V 
9.8 to 10.2V 

9.8 to 10.2V 
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5.11 SWITCH REMOVAL - REPLACEMENT. 

5.11.1 REMOVAL. 

To remove the knobs: 
a. Set the controls full ccw (any position for frequency main tuning controls). 
b. Hold the instrument securely and pull the knob off with fingers. 

CAUTION 

Do not use a screwdriver or other instrument to 
pry off the knob if it is tight, since this might 
mar or crack the dial. Do not lose the retention 
spring in the knob when the knob is removed. 
Do not attempt to further remove any parts of 
the frequency main tuning controls, since these 
controls must be calibrated at a GR service 
center when the control is reinstalled. 

c. Remove the setscrew from the bushing; use a hex-socket key wrench. 
d. Remove the bushing. 

NOTE 

If the knob and bushing are combined when the 
knob is removed, turn a machine tap a turn or 
two into the bushing on the dial for sufficient 
grip for easy separation of the knob. 

e. If the switch is to be removed, remove the dress nut exposed after step d. 

5.11.2 REPLACEMENT. 

Install the switches by reversing the removal procedure and performing 
the following steps: 
a. Make sure the control shafts are turned full ccw. 
b. Install the dress nut, if applicable. 
c. Install the bushing on the shaft; tighten the setscrew. 

NOTE 

Make sure that the end of the shaft does not 
protrude through the bush ing, or the knob won 't 
seat properly. 

d. Install the knob on the bushing, making sure the retention spring is oppo­
site the setscrew. 

NOTE 

If the retention spring in the knob comes loose, 
reinstall it in the interior notch with the thin 
flange set into the small slit in the wall of the 
knob. 
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SECTION 6 

FREOUENCY 
AJUST 

PARTS LIST and 

Rloa 
(HIDDEN) 

LEVEL ADJUST 
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SCHEMATIC 

CI02 
(HIDDEN) 

2-Mc ADJUST 

"--__ ,PA 

VIOl 
PIN 2 

OR 
0100 

DRAIN 

R504 
(HIDDEN) 

+80-V ADJ UST 
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MECHANICAL REPLACEABLE PARTS 

Qty Ref. No. Name Description GR Part No. FMC Mfg. Part No. F ed. Stock No. 

1 End frame asm. Left end frame asm ., 5310-3065 24655 5310-3065 
2 including foot , soft 5260-0700 24655 5260-0700 5340-738-6329 
1 2 Indicator Indicator, opaque 5460-1303 24655 5460-1303 
1 3 Dial asm. Dial asm. , FREQUENCY 1310-1500 24655 1310-1500 
1 4 Dust cover asm. Dust cover asm., 4429-1700 24655 4429-1700. 
2 including thumbscrew 7270-4800 24655 7270-4800 
1 5 End frame asm . Right end frame asm., 5310-3064 24655 5310-3064 
2 including foot. soft 5260-0700 24655 5260-0700 5340-738-6329 
1 6 Knob asm. Knob , OUTPUT LEVEL, including 5520-5321 24655 5520-5321 

retainer 5220-5402 
7 Insulator, binding Insulator 0938-7130 24655 0938 -7130 

post 
1 8 Binding post Binding post , JIOl, OUTPUT 0938-3000 24655 0938-3000 
1 9 Spacer, binding post Spacer 7800-0600 24655 7800-0600 5340-738-6516 
1 10 Binding post Binding post, J102 , OUTPUT 0938-3022 24655 0938-3022 
1 11 Knob asm. Knob , FREQUENCY, vernier, 5520-5420 24655 5520-5420 

including retainer 5220-540l 
12 Knob asm. Knob, FREQUENCY, main tuning 5520-5520 24655 5520-5520 

dial , including retainer 5220-540l 
13 Knob asm . Knob, FREQUENCY RANGE , 5500-5321 24655 5500-5321 

including retainer 5220-5402 
2 Screw (on voltage Screw, binder hear , 3/16 7060-0400 24655 7060-0400 5305-929-~384 

legend plate - rear panel) 
Plug asm. Power plug asm. , PL50l 4240-0700 24655 4240- 0700 5935-794-30l2 

MISCELLANEOUS 

1 Jack Phone jack, J103 4260-1030 82389 #111 
1 Dress nut Phone jack, dress , nut , 5800-0805 24655 5800-0805 

3/8 -32 , 9/16 
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Code 

00192 
00194 
00434 
00656 
01009 
01121 
01295 
02114 
02608 
02660 
02768 
03508 
03636 
03888 
03911 
04009 

04713 
05170 
06624 
05820 
07126 
07127 
07261 
07263 
07387 
07595 
07828 
07829 
07910 
07983 
07999 
08730 
09213 
09408 
09823 
09922 
11236 
11599 
12040 
12498 
12672 
12697 
12954 
13327 
14433 
14655 
14674 
14936 
15238 
16605 
18037 
17771 
19396 
19644 
19701 
21335 
22753 
23342 
24446 
24454 
24455 
24855 
26806 
28520 
28959 
30874 
32001 
33173' 
35929 
37942 
38443 
40931 
42190 
42498 
43991 

9/68 

FEDERAL MANUFACTURER'S CODE 

From Federal Supply Code for Manuf8cturen Cataloging Handbook. H4-1 
(rume to Code) ani H4-2 (Code to Name) _ IUpplemented throu-. Au .... 1968. 

MMuf8ctu,... Code M..wf8ctu,... Code M .... t.ctu,... 

Jon .. Mfa. Co, Chicago, IlIInoll 49671 RCA, New York, N.Y. 10020 80431 Air Filter Corp, Mllwauk .. , WIIC. 53218 
WallCo Electronici Corp, L.A., Calif. 49966 R.ytheon Mfg Co, W.lth.m, M ... 02154 80583 H.mm.rlund Co, Inc, New York, N.Y. 
Schwaber Electronics, Westburg, L.I., N. Y. 53021 S.ngemo Electric Co, Springfield, III. 82705 80740 Beckm.n Inltruments, Inc, Fullerton, C.llf. 
Aerovox Corp, N.w Bedford, M .... 54294 Sh.llcrOil Mfg Co, Selm., N.C. B1030 Intern.tlon.1 Inlturment, Or.nge, Conn. 
Alden Products Co, Brockton, M .... 54715 Shure Brothe,., Inc, Ev.nston, III. B1073 Gr.yhlll Inc, L.Gr.nge, 111.60525 
Allen-Br.dley, Co, Mllwauk .. , WIIC. 562B9 Spr.gue Electric Co, N. Ad.ml, M .... 81143 Ilol.ntlte Mfg Corp, Stirling, N.J. 079BO 
Tex .. Inltruments, Inc, Dell .. , Tex .. 59730 Thom ... nd Betts Co, Ellz.beth, N.J. 07207 81349 Mllltery Speclflc.tlonl 
Ferroxcube Corp, Saugertl .. , N.Y. 12477 59875 'TRW Inc, (Acc_orl .. Dlv), Clevel.nd, Ohio B1350 Joint Army·N.vy Speclflc.tlonl 
Fenw.1 L.b Inc, Morton 'Grove, III. 60399 Torrington Mfg Co, Torrington, Conn. 81751 Columbul Electronici Corp, Yonke,., N.Y. 
Amphenol Electron Corp, Bro.dvl_, III. 61637 Union C.rblde Corp, New York, N. Y. 10017 81831 Flltron Co, Flulhlng, L.I., N.Y. 11354 
F .. tex, 0 .. PI.ln .. , 111.60016 61864 Unltad-C.rr F .. tener Corp, BOlton, M .... 81840 Ledex Inc, D.yton, Ohio 45402 
G.E. Semlcon Prod, Syrecule, N.Y. 13201 63080 Vlctoraan Inltrument Co, Inc, Clevel.nd, O. 81880 Barry·Wrlght Corp, W.tertown, M .... 
Grayburne, Yonke,., N. Y. 10701 63743 W.rd Leon.rd EleCtric Co, Mt. Vernon, N. Y. 82219 Sylv.nl. Elec Prod, Emporium, Penn. 
Pyrofllm R_letor Co, Cedar Knolll, N.J. 65083 W .. tlnghou .. (L.mp Dlv), Bloomfield, N.J. 82273 I ndl.n. P.ttern II Model Workl, L.Port, Ind. 
CI.lrex Corp, N_ York, N.Y. 10001 65092 W .. ton Inltruments, N_.rk, N.J. 82389 Swltchcraft Inc, Chlc.go, 111.60630 
Arrow-H.rt II Hagem.n, Hartford, Conn. 70485 Atl.ntlc·lndl. Rubber, Chlc.go, III. 60807 82647 Metall a Controll Inc, Attleboro, M .... 

06106 70563 Amparlt. Co, Union City, N.J. 07087 82807 Mllw.uk .. R .. lltor Co, Mllw.uk .. , WIIC. 
Motorol., Phoenix, Ariz. 85008 70903 Belden Mfg Co, Chlc.go, III. 60844 83033 Mel .. ner Mfg, (M.gulrelnd) Mt. C.rmel, III. 
Engr'd Electronlcl, S.nta An., C.llf. 92702 71126 Bronlon, Hom.r 0, Co, Beacon F.III, Conn. 83058 C.rr F .. tener Co, C.mbrldge, M .... 
B.rber·Colmen Co, Rockford, III. 81101 71294 C.nfleld, H.O. Co, Clifton Forge, VL 24422 83186 Victory Engln .. rlng, Springfield, N.J. 07081 
W.kefleld Eng, Inc, Wakefield, M .... 01880 71400 Bu .. m.n (McGr.w Edllon), St. Loull, Mo. 83381 Baarlng Specl.lty Co, S.n Fr.nclsco, C.llf. 
Dlgltron Co, Pasaden., C.llf. 71488 ITT C.nnon Elec, L.A., C.llf. 90031 83587 Solar Electric Corp, W.rren, Penn. 
E.gle Slgn.1 (E.W. BII .. Co), B.r.boo, WIIC. 71590 Centr.l.b, Inc, Mllw.uk .. , WIIC, 53212 83740 Union C.rblde Corp, New York, N.Y. 10017 
Avnet Corp, Culver City, C.llf. 90230 71666 Continental C.rbon Co, Inc, New York, N.Y. 83781 N.tlon.1 Electronici Inc, Genev., III. 
F.lrchlld C.mer., Mountain View, C.llf. 71707 Coto Coli Co Inc, Providence, R.I. 84411 TRW C.pacltor Dlv, Ogall.I., Nebr. 
Blrtcher Corp, No. LOI Angel .. , C.llf. 71744 Chlc.go Mlnl.ture L.mp Workl, Chlc.go, III. 84835 Lehigh Metal Prods, C.mbrldge, M .... 021~0 
Am.r Semlcond, Arlington Hts, III. 80004 71785 Cinch Mfg Co, Chlc.go, III. 60624 84971 T A Mfg Corp, LOI Angel .. , C.llf. 
Bodine Corp, Bridgeport, Conn. 08605 71823 D.rnell Corp, Ltd, Downey, C.llf. 90241 86577 Precision Metal Prods, Stoneh.m, M .... 02180 
Bodine Electric Co, Chlc.go, 111.60618 72136 Electro Motive Mfg Co, Wilmington, Conn. 86684 RCA (Elect. Comp a Dev), H.rrllon, N.J. 
Cont Device Corp, H.wthorne, C.llf. 72259 Nytronici Inc, Berkeley Heights, N.J. 07922 86687 REC Corp, New Roch.lle, N.Y. 10801 
St.te L.bllnc, N.Y., N.Y. 10003 72619 DI.llght Co, Brooklyn, N.Y. 11237 86800 Cont Electronics Corp, Brooklyn, N.Y. 11222 
Borg Inst., Delev.n, WIIC. 53115 72699 Gener.1 I nstr Corp, New.rk, N.J. 07104 88140 Cutler·H.mmer Inc, Lincoln, III. 
Vem.llne Prod Co, Fr.nklln L.k .. , N.J. 72765 Dr.ke Mfg Co, Chlc.go, III. 60856 B8219 Gould N.t. B.tterl .. Inc, Trenton, N.J. 
G.E. Semiconductor, Buff.lo, N.Y. 72825 Hugh H. Eby Inc, Phll.delphl., Penn. 19144 88419 Cornell·Dublller, Fuqu.YrV.rln., N.C. 
Ster·Tronlcs Inc, Georgetown, M .... C?'830 72962 Elestlc Stop Nut Corp, Union, N.J. 07083 88627 K a G Mfg Co, New York, N.Y. 
Burgan B.ttery Co, Fr .. port, III. 72982 Erie Technologlc.1 Products Inc, Erie, Penn. 89482 Holtzer·C.bot Corp, BOlton, M .... 
Burndy Corp, Norw.lk, Conn. 06852 73138 Beckm.n Inc, Fullerton, C.llf. 92634 89665 United Tr.nsformer Co, Chlc.go, III. 
C.T.S. of Berne, Inc, Berne, Ind. 46711 73445 Amperex Electronics Co, Hlcklvllle, N. Y. 90201 M.llory C.pacltor Co, Indl.n.polls, Ind. 
Ch.ndler Ev.ns Corp, W. H.rtford, Conn. 73559 C.rllng Electric Co, W.H.rtford, Conn. 90750 W .. tlnghouse Electric Corp, BOlton, M .... 
N.tlon.1 Semiconductor, D.nbury, Conn. 73690 Elco R .. lstor Co, New York, N. Y. 90952 H.rdw.r. Products Co, Reading, Penn. 19602 
Cryltelonlcl, C.mbrldge, M .... 02140 73899 JFD Electronics Corp, Brooklyn, N.Y. 91032 Continental Wire Corp, York, Penn. 17405 
RCA, Woodbridge, N.J. 74193 Helnem.nn Electric Co, Trenton, N.J. 91146 ITT (C.nnon Electric Inc), S.lem, M .... 
CI.rostat Mfg Co, Inc, Dover, N.H. 03820 74861 Induetrl.1 Condenler Corp, Chlc.go, Iii. 91293 Joh.nson Mfg Co, Boonton, N.J. 07005 
Dickson Electronics, Scottsd.le, Ariz. 74970 E.F. Johnson Co, Wesec., Minn. 66093 91506 Augat Inc, Attleboro, M .... 02703 
Solltron Davlc .. , Tapp.n, N.Y. 10983 75042 IRC Inc, Phll.delphl., Penn. 19108 91598 Ch.ndler Co, Wethersfield, Conn. 06109 
ITT Samlcondlcto,., W.Palm Beach, FIL 75382 Kulk. Electric Corp, Mt. Vernon, N. Y. 91637 D.le Electronics Inc, Columbul, Nebr. 
Cornell·Dublller Electric Co, Newark, N.J. 75491 Lef.yette I ndultrl.1 ElectroniCS, Jamlca, N. Y. 91662 Elco Corp, Willow Grove, Penn. 
Corning GI ... Works, Corning, N. Y. 76608 Linden .nd Co, Providence, R.I. 91719 Gener.1 Instruments, Inc, 0.11 •• , Tex .. 
Gener.1 Instrument Corp, Hicksville, N. Y. 75915 Llttelfu .. , Inc, 0 .. PI.ln .. , 111.60016 91929 Honeywell Inc, Freeport, III. 
ITT, Semiconductor Dlv, L.wrence, M .... 76005 Lord Mfg Co, Erie, Penn. 16512 92519 Electr. Inlul Corp, Woodside, L.I., N.Y. 
Cutlet-H.mmer Inc, Mllw.uk .. , Wisc. 53233 76149 M.llory Electric Corp, Detroit, Mich. 48204 92678 E.G.aG., Boston, M .... 
Spruce Pine Mlc. Co, Spruce Pine, N.C. 78487 J.m .. Millen Mfg Co, M.lden, M .... 02148 93332 Sylv.nl. Elect Prods, Inc, Woburn, M ... 
Singer Co, Diehl Dlv, Somerville, N.J. 76545 Mueller Electric Co, Clevel.nd, Ohio 44114 93916 Cr.mer Products Co, New York, N.Y. 10013 
IlIInol. Tool Work., P.kton Dlv, Chlc.go, III. 76684 N.tlonal Tube Co, Pittsburg, Penn. 94144 R.ytheon Co, Components Dlv, Quincy, M .... 
LRC Electronlcl, Horeah .. ds, N.Y. 76854 O.k Mfg Co, Cryltal L.ke, III. 94154 Tung Sol Electric Inc, New.rk, N.J. 
Electr. Mfg Co, Independence, K.n",67301 77147 P.tton MecGuyer Co, Providence, R.I. 95076 G.rde Mfg Co, Cumberl.nd, R.I. 
F.fnlr BNrlng Co, N_ Briton, Conn. 77166 P._Saymour, Syrecu .. , N.Y. 95121 Qu.llty Components Inc, St. M.ry's, Penn. 
UID Electronici Corp, Hollywood, FIL 77263 Pierce Roberti Rubber Co, Trenton, N.J. 95146 Alco Electronic. Mfg Co, L.wrence, M .... 
Avnet Electronici Corp, Fr.nklln P.rk, III. 77339 POIltlve Lockw .. her Co, New.rk, N.J. 95238 Contlnentel Connector Corp, Woodside, N.Y. 
G.E., Schenectady, N. Y. 12305 77542 R.y·O·Vec Co, M.dl.on, WIIC. 95275 Vltr.mon, Inc, Bridgeport, Conn. 
G.E., Electronic. Comp, Syrecu .. , N.Y. 77630 TRW, Electronic Comp, C.mden, N.J. 08103 95354 Methode Mfg Co, Chlc.go, III. 
G.E. (L.mp Dlv), Nel. P.rk, Clevel.nd, Ohio 77638 Gener.llnltruments Corp, Brooklyn, N.Y. 95412 Gener.1 Electric Co, Schenectady, N.Y. 
Gener.1 R.dlo Co, W. Concord, M .... 01781 78189 Sh.keproof (III. Tool Workl), Elgin, 111.60120 95794 An.cond. Amer Br ... Co, Torrington, Conn. 
Amerlc.n Zattlat Inc, COita Mea, C.llf. 78277 Sigma Inetrumentslnc, S.Br.lntr .. , M .... 96095 HI·Q Dlv. of Ae.:0vox Corp, OrlNn, N. Y. 
H.ym.n Mfg Co, Kenilworth, N.J. 78488 Stackpole C.rbon Co, St. M.ryl, Penn. 96214 Tex"lnstruman~c, 0.11 •• , Tex .. 75209 
Hoffm.n Electronics Corp, EI Monte, C.llf. 78553 Tlnnerm.n Products, Inc, Clevel.nd, Ohio 96256 Thord.,.on-Mel.. r, Mt. C.rmel, III. 
I.B.M, Armonk, N_ York 79089 RCA, Rec Tube II Semlcond, H.rrlson, N.J. 96341 Mlcroweve Associ. Inc, Burlington, M .... 
Jen .. n Mfg. Co, Chlc.go, III. 60638 79725 Wlremold Co, Hertford, Conn. 08110 96791 Amphenol Corp, Jon_ville, WIIC, 53545 
G.E. Comp, Owensboro, Ky. 42301 79963 Ziarick Mfg Co, N_ Rochelle, N. Y. 96906 Military Stand.rds 
Constanta Co, Mont. 19, QUL 80030 Pr .. tole F •• taner, Toledo, Ohio 98291 Sa.lectro Corp, M.maroneck, N. Y. 10644 
P.R. M.llory a Co Inc, Indl.napolls, Indo 80048 Vlcke,. Inc, St. Loul., Mo. 98474 Comp.r Inc, Burlingame, C.llf. 
M.rlln-Rockwell Corp, J.mestown, N. Y. 80131 Electronic Indultrl .. Assoc, W .. hlngton, D.C. := North Hili. Electronic. Inc, Glen Cove, N.Y. 
Honeywell Inc, Minnupolll, Mlnn. 55408 80183 Spr.gue Products Co, No. Ad.ml, M .... Tr.n.ltron Electronic. Corp, Melrose, M .... 
Muter Co, Chicago, III. 80638 80211 Motorol. Inc, Franklin P.rk, 111.60131 99313 V.rl.n, P.lo Alto, C.llf. 94303 
N.tlon.1 Co, Inc, Melrose, M ... 02176 80258 Stand.rd 011 Co, Lefeyette, Ind. 99378 Atl .. Corp, Winchester, M .... 01890 
Norm~Hoffm.n, St.nford, Conn. 08904 80294 Bourns Inc, Riverside, C.llf. 92508 99800 Daleven Electronics Corp, E. Auror., N.Y. 

44 TYPE 1310 OSCILLATOR 
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1310-0700/4 

Etched board assembly, part number 13100 2710. 

NOTE: The b~ard is shown foil-side up. The number appearing on the 
foil side is not the part number. The dot on the foil at the transistor 
socket indicates the collector lead. 
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PARTS LIST AND SCHEMATIC 45 

ANCHOR Te RMINALS USED:A.T.IOI T/lRU II4 

NOTE UNLESS SPECIFIED 
5. RESISTANCE IN OHMS 1 POSITION or ROTARY SWIT CH[S 

SHOWN COUN I ERClOCt< WISE I( 1000 OHMS M 1 MEGOHM 

~~:~~:~gOINO~N~~:~:I~N S;~~ ~~!~ ~Ntf~ :I~~~~·A~~~~ . 
2 CONTACT NUMBERIN G Of SWITCHES I 6 CAPACITANCE VALUES ONE AND 

RHER TO SERVICE NOTES IN INSTRUC, 1 0 KNOB CONTROl 
TION 800\, fOR VOlTAGES ' 8 e SCREWDR IVER CONTROL 
APPEARING ON OIAGRA~ I 9 AT ANCHOR TERMINAL 

4 RESISTORS 1/ 2 WATT. 10 . TP TEST POI.NT 

r-. 2OIH 

;mR~:T I' : .... O~ 
~- -< . -.-;;, ,V 

<I a- NJ5R 
20TH \j 

FREQUENCY RANGE 

2OO~HZ 210Hz 2QH, 

20Hr 20011Hr 

ZHr 2MHr 

OFF' 

SeCTION2 ReAR SCC-TlON 3 FRONT PANCL LeGeND FOR SIOI 
SIOI 

BASe OIAGRAM(BOTTOM VieW) 

0102 
0103 
0104 

BASEl E0 L 

0501 

E~ vOllA1No 

S ~E '\.....7" CASE 
GATE 

0101 0100 

9jO;:SE 
£M>C7 

0503 

Rotary switch sections are shown as viewed 
from the panel end of the shaft. The first digit 
of the contact number refers to the section. 
The section nearest the panel is 1, the next 

section back is 2, etc. The next two digits refer 
to the contact. Contact 01 is the first position 
clockwise from a strut screw (usually the screw 
above the locating key), and the other contacts 
are numbered sequentially (02, 03, 04, etc), 
proceeding clockwise around the section. A 
suffix F or R indicates that the contact is on 
the front or rear of the section, respectively, 

Waveforms taken at 1KHz, maximum output. 

Schematic of the Type 1310-B. 
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ELECTRICAL REPLACEAB~E PARTS ELECTRICAL REPLACEABLE PARTS continued 

GR Part GR 
Ref. No. Description No. FMC Mfg. Pa" No. Fed. Stock No. Ref. No. Description Part No. FMC Mfg. Pa" No. Fed. Slock No. 

CAPACITORS C101 Variable air, 630 pF main tuning 1210 -4000 · 24655 1210-4000 RESISTORS R101 Composition, 27 krl ±5% 1/2w 6100-3275 01121 RC2OGF273J 5905-279-3499 
' C102 Trimmer, 5 to 25 pF 4910-1150 72982 557-050, U2PO R102 Composition, 1 krl ±5% 1/2w 6100-2105 01121 RC20GF102J 5905-195-6806 
C103 Electrolytic, 40 f1F +100 C10% 6V 4450-3600 37942 20-40707S4 5910-952-0467 R103 Composition·; 15 krl ±5% 1/2w 6100-3155 01121 RC20GF153J 5905-279-2616 
CW4 Ceramic, 5.6 pF ±5% 500V 4400-0560 78488 GA, 5.6 pF :t5% R104 Composition, 18 krl ±5% 1/2w 6100-3185 01121 RC2OGF183J 5905-279-3500 
C105 Electrolytic, 200 f1F +100-10% 6V 4450-2610 · 37942 TT, 200 f1F +100-10% 5910-945-1836 R105 Composition , 1 krl ±5% 1/2w 6100-2105 01121 RC2OGF102J 5905-195-6806 
C106 Electrolytic, 200 f1F +100-10% 12V 4450-0400 37942 97679 5910-799-9281 R106 Composition , 8.2 krl ±5% 1/2w 6100-2825 01121 RC2OGF822J 5905-299-1971 
C107 Electrolytic, 20<4lF . +100-10% 6V 44!>0-2010 37942 TT, 200 IJF +100-10% 5910-945-1836 RI07 Thermistor 6740-2021 83186 51A16/GR 5905"933-81 83 
ClO'a Electrolytic, 300 f1F +100-10% 75V 4450-5620 37942 20-222544990 5910-931-7040 RI08 Potentiometer, composition , 2.5 krl ±20% 6040-0500 01121 FWC, 2.5 krl ±20% 5905-931-6868 
C109 Ceramic, 0.1 f1F +80-20% :,QV 4403 -4100 80131 CC63, 0.1 f1F +80-20% 5910-811-4788 

RI09 Composition. 680 ±5% 1w 6110-0685 01121 RC32GF680J 5905-279-1733 
C110 Electrolytic , 10 f1F +100-10% 25V 4450-3800 56289 30DlO6G025BB4Ml 5910-952-8658 

Rll0 Composition, 100 rl ±5% 1/2w 6100-1105 01121 RC2OGF101J 5905-190-8889 
Cll1 Trimmer,5.5 to 18 pF 350V 4910-2041 72982 538-000,5.5-18 pF R111 Wire-wound, 510 rl ±5% 5w 6660-1515 80183 246E, 510 rl ±5% 
C112 Trimmer,5 . 5 to 18 pF 350V 4910-2041 72982 538-000,5.5-18 pF R112 Composition, 220 krl ±5% 1/2w 6100-4225 01121 RC20GF224J 5905-192-0667 
C113 Mica, 39 pF ±5% 500V 4640-0200 72136 CM150390J R1l3 Potentiometer, composition , 100 krl ±20% 6040-1000 01121 FWC, 100 krl :t20% 5905-958-7949 
C114 Trimmer, 2 to 8 pF 350V 4910-2042 72982 538-000,2-8 pF 

R1l4 Compositon , 100 krl ±5% 1/2w 6100 -4105 01121 RC20GF104J 5905-195-6761 
C115 Ceramic, O.OOlIlF +80-20% 500V 4404-2109 72982 831, 0.001 IJF +80-20% 5910-983-9994 

R115 Composition, 470 krl ±5% 1/2w 6100-4475 01121 RC20GF474J 5905-279-2515 
C116 Ceramic , 1.8 pF ±5% 500V 4400-0180 78488 GA, 1.8 pF ±5% 
C501 Ceramic, 0.022 f1F +80-20% 500V 4407 -3229 72982 CC63, 0.022 f1F +80-20% 5910-842-2961 R1l6 Composition, 620 rl ±5% 1/2w 6100-1625 01121 RC2OGF621J 5905-279-1761 

C502 Electrolytic, 10 f1F +100-10% 15dY· , 4450-3100 80183 033610 5910-799-9287 R117 Attenuator potentiometer , LEVEL 6045-1070 01121 Type 11 5905-931-6869 

C503 Electrolytic, 300 IJF x 150 f1F x' ~~'11 4450-5602 37942 20-22287991 5910-931-7039 uses 5530-1200 gray knob 

+100-10% ~ Oy- R118 Composition, 620 rl ±5% 1/2w 6100-1625 01121 RC2OGF621J 5905-279-1761 

C504 Electrolytic, 680pF +100-10% 15 V 4450-6015 37942 TT, 680pF +100-10% R119 Film , 133 N'rl ±1% 1w 6182 -6133 03888 PT1000, 133 Mrl ±1% 
R120 Film, 133 M.l ±1% 1w 6182 -6133 03888 PT1000, 133 Mrl ±1% 

DIODES CR101 Type 1N759A 6083 -1014 81349 IN759A 5961-846-9157 R121 Film, 13.3Mrl ±1% 1w 6450-5133 75042 MOC, 13.3 Mrl ±1% 
CR102 Type 1N965B, selected for low noise 6083 -1047 07910 IN965A 5961-877-6192 R122 Film, 13.3 Mrl ±1% 1w 6450-5133 75042 MOC, 13.3 Mrl ±1% 
CR103 Type 1N628 6082-1013 07910 IN628 5961-681-8162 R123 Film, 1. 33 Mrl ±1% 1/2w 6450-4133 75042 CEC-TO, 1.33 Mrl :tl% 
CR501 Type IN3254 6081 -1002 09213 1N3254 5961-082-3988 R124 FiJ.m, 1.33 Mrl ±l% 1/2w 6450-4133 75042 CEC-TO, 1.33 Mrl ±1% 
CR502 Type 1N3254 6081-1002 09213 1N3254 5961-082-3988 R125 Film, 133 krl ±1% 1/2w 6450-3133 75042 CEC-TO, 133 krl ±1% 

CR503 Type IN3254 6081-1002 09213 IN3254 5961-082-3988 R126 Film, 133 krl ±1% 1/2w 6450-3133 75042 CEC-TO, 133 krl ±1% 
CR504 Type 1N3254 6081-1002 09213 1N3254 5961-082-3988 R127 Film, 13 . 3 krl ±1% 1/2w 6450-2133 75042 CEC-TO, 133 krl ±1% 
CR505 Type 1N3253 6081-1001 79089 IN3253 5961-814-4251 R1 28 Film , 13.3 krl ±1% 1/2w 6450-2133 75042 CEC-TO, 13.3 kO ±1% 
CR506 Type 1N753A 6083 -1006 07910 1N753A 5961-752-6121 R129 Film , 1. 33 krl ±1% 1/2w 6450 -1133 75042 CEC-TO, 13.3 krl ±1% 
CR507 Type 1N981B 6083 -1042 28959 IN981B 5961-892-0909 R130 Film , 1. 33 krl ±1% 1/2w 6450 -1133 75042 CEC-TO, 1.33 krl :t1% 

CR508 Type 1N981B 6083 -1042 28959 IN981B 5961-892 -0909 R131 Composition, 3.3 Mrl ±5% 1/2w 6100-5335 01121 RC20GF335J 5905-279-1883 
R132 CompOSition, 100 rl ±5% 1/2w 6100 -1105 01121 RC20GFI01J 5905-190~8889 

FUSES F501 F,?r 115-V operation: O. 25A, 3AG , Slo-Blo 5330-0700 71400 MOL, 0.25 Amp. 5920-933-5435 R501 Composition, 51 krl ±5% 1/2w 6100-3515 01121 RC2OGF513J 5905-279-3496 
For 230-V operation: 0 . 125A, 3AG, Slo-B10 5330-0450 71400 MOL, 0.125 Amp. 5920-284-9455 R502 Composition, 51 rl ±5% 2w 6120-0515 01121 RC42GF51OJ 5905-252-5425 

F502 For 115-Voi>eration: 0.25A, 3AG , Slo-Blo 5330-0700 71400 MOL, 0.25 Amp. 5920-933 -5435 RS03 Composition , 1 krl ±5% 1/2w 6100-2105 01121 RC20GF102J 5905-195-6806 
For 230-V operation: O. 125A, 3AG, Slo-Blo 5330-0450 71400 MOL, 0.125 Amp. 59.20 -284-9455 R504 Potentiometer , composition, 5 krl ±20% 6040-0600 01121 FWC, 5 K ±20% 5905-034-5374 

R505 Composition, 16 krl ±5% 1/2w 6100-3165 01121 RC20GF163J 5905-279-3501 
JACKS J101 Binding post assembly: OUTPUT R506 Composition, 24krl ±5% 1/2 W 6100-2245 01121 RC2OGF242J 5905-279-1877 

1 binding post, red plastic top 4060-0400 24655 4060-0400 5940-951-9300 
2 insulators, red plastic 4130-0300 24655 4130-0300 

R508 Wire-wound, 15 rl ±lo% 2w 6760 -0159 75042 BWH, 15 rl :tl0% 5905-988-3022 
J102 Binding post assembly: OUTPUT groond R509 CompOSition, 2.2 krl ±5% 1/2w 6100 -2225 01121 RC2OGF222J 5905-279-1876 

1 binding post, metal top 4060-1800 24655 4060-1800 5940-272 -1464 R510 Composition, 10 rl ±5% 1/2w 6100-0105 01121 RC20GF100J 5905-190-8883 
1 bushing 7800-0600 24655 7800-0600 5340-738-6516 

SWITCHES 510 1 Rotary , 7 position, 4 section uses FREQUENCY 7890-3970 76854 Type F 5930-931-6927 
J103 Phone jack, two contact, EXT SYNC 5500 -0800 gray knob 

Switchcraft Type 11 
S501 Power switch, part of SlO 1 power 

LAMP P501 Translucent monogram, 6V pilot lamp 5600-1001 24655 5600-1001 6240-933-5816 
24655 0345-4140 5950-931-6949 200 rnA, size T-1-3/4 TRANSFORMER T501 Power transformer 0345-4140 

PLUG PL501 3 -terminal power plug assembly 4240-0700 24655 4240-0700 5935-926-0635 CHOKE FCI01/2 Ferrite Bead 5000-1250 \02114 56-590-65/4B 

TRANSISTORS QlOO Type 2N4221 8210-1127 93916 2N4221 
Q101 Type 2N2188 8210-1045 01295 2N2188 5960-065-5373 
Q102 Type 2N2188 8210-1045 01295 2N2188 5960-065-5373 
Q103 Type 2N2218 8211')-1028 81349 2N2218 5960-059-4464 
QI04 GR TR-99 uses 5700-1010 heat sink il2l0-1099 80221 SM-8321 5961-931-8245 
Q501 Type 2N2196 8210-1041 96214 2N2196 5961-903-1619 

Q503 Type 2N2714 8210-1047 24446 2N3414 5961-989-2749 
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