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1.1 

SECTION 1 

GENERAL INFORMATION 

General Description. 

The Model 713 AM Frequency and Modulation Monitor is intended 
for continuous monitoring of an AM transmitter operating in the standard broad
cast band (540 to 1600 kHz) to enable the station to comply with the requirements 
of Sections 73. 56 and 73. 60 of the FCC Rules and Regulations . The Monitor, 
which is factory-adjusted for the customer's assigned transmitter frequency, pro
vides digital display of the carrier frequency error, and direct peak-reading meter 
indication of modulation percentage. Other features include --

1. 2 

An extremely stable built-in frequency standard With an aging 
rate of 1 ppm per year, eliminating the need for frequent 
calibration. 

A flasher to indicate 100-percent negative modulation peal,s . 

An adjustable flasher to indicate positive or negative modulation 
peaks. 

Optional binary- coded-decimal (BCD) or analog output for automatic 
l ogging of frequency error. 

Specifications. 

RF Input 

Frequency Range . 

Sensitivity •••• 

Input level (without ext. pad). 

(with ext. pad) • . 

Selectivity 

±10 kHz . 

±11 kHz •• 

±20 kHz • 

±30 kHz . 

Input impedance 

Input connector .• 

Image rejection 

1-1 

540 - 1600 kHz 

Approx. LO mV, 40 dB 
automatic gain control range 

1. 0 mV to 100 mV 

100 mV to 5 V 

0. 25 dB 

-3 dB 

-40 dB 

-60 dB 

50 ohms nominal 

BNC 
50 dB or greater 
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1. 2 (Continued) 

Carrier Frequency Measurement 

Digital readout . • • • • • ♦ • • • • • • • 

Accuracy 

Internal frequency standard . 

Off frequency alarm • • • 

Automatic logging output 

Modulation Meter 

Meter range 

Accuracy 

Meter characteristics . . • • . •.•.• 

Remote metering • . . 

Peak Modulation Indicators 

Variable peak indicator 

Fixed peak indicator • 

Accuracy 

Response time 

Remote Indicators 

Modulation Calibrator 

. . . . . . . . . . 

Zero to ±1 kHz in 1 Hz increments 
from assigned center frequency 
±2 Hz/year 

Uses a precision 5-MHz crystal 
oscillator in a proportional
controlled oven. One-MHz output is 
proVided on the front panel for cali
bration against WWVB or a precision 
frequency source. 

Available as an option. Can be wired 
for desired frequency limits. 

Available as an option. BCD outputs 
or a. ±1 VDC output represent-
ing a carrier frequency error of ±20Hz. 

Switchable, 0 to 133% on positive 
peaks, 0 to l 00% on negative peaks, 

±2% at 100% modulation, 
±4% at any other % modulation for 
modulation frequency between 30 Hz 
and 10 kHz. 

Peale reading circuit, scale and 
ballistics conform to FCC require
ments. 

Output provided for Model 704A. 

Level set by front-panel 3-digit thumb
wheel switch in 1% steps, 50 to 129% 
on positive peaks. 60 to 100% on 
negative peaks. 

99. 5% or greater on negative modula
tion only. 

±2% 

200 sec pulse 

Out.put provided for Model 704A 

Built-in modulation calibrator indicats ±100% modulation 

Accuracy • • . • • • • • . . • . . . . . • ±2% 

1- 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1. 2 (Continued) 

Six-Digit Frequency Counter 

Frequency range . 

Input sensitivity . • • • 

Input impedance 

Resolution • . • 

Display Accuracy 

Time base aging rate 

Rear Panel Outputs 

Audio . • . • . 

Standard frequencies 

Local oscillator frequency 

Re mote meter and peak flasher 

Telemetry output 

Peak modulation indication •••• . .• . 

Phys ical and Environmental Specifications 

Power . . . . . . . . . 

Operating temperature 

Dimensions . 

Weight . 

Cabinet 

1. 3 Accessory Equipment. 

10 Hz to 10 MHz 

200 mV to 2V RMS 

500K ohms. Shunted by 25pF 

1 Hz or 10 Hz front panel switchable 

±1 count 

1 x 10-S /day 

Two volts RMS into 600 ohms at 
100% modulation, ±0. 5 dB 30 Hz 
to 10 kHz, less than 1% harmonic 
distortion. 

1 kHz, TTL logic level 

100 m V RMS, 50 ohms 

For use with Model 704A remote 
meter and peak flasher panel. 

Available as an option. Subaudible 
telemetry signal recovered through 
low-pass filter, 1.5v. p. p. at 5% 
modulation, 600 ohms unbalanced. 

A relay contact closure when peak 
modulation exceeds the limit set on 
front panel thumbwbeel switch. 

115/230\T, 50- 400 Hz, 
30 watts max. 

0° to +50°C 

19" W X 7" H X 16" D 

17 pounds 

Rack mountin~. 

Model 704A Remote Meter and Peak Flasher Panel: Duplicates meter and 
peak flasher readings of the Model 713. 

Model 722 Resonant Loop Antenna: For use with Model 713 where re
latively strong signal is available. 

1-3 
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1.4 Warranty. 

TIME Is FREQUENCY TECHNOLOOY • INC. • warrants each of the 
lutniments of lts manufacture to be produced to meet the speclfloatlon■ delivered 
to the BUYER; and to be free from defects in material and workmanship and will 
repair or replace. at Its expense, for a period of one year from the date of delivery 
of equlipnent, any parts which are defective from faulty material or poor workmanship. 

Instruments found to be defective during the warranty period shall be 
returned to the factory with transportation charges prepaid by BUYER. It 111 ex
pre■ely agreed that replacement and repair shall be the sole remedy of BUYER wtth 
re■pect to any nonoonformtng equipment and parts thereof and shall be ln lieu of 
any other remedy available by applicable law. All returns to the factory must be 
autbortzed by the SELLER, prior to such returns. Upon examlnatlon by the factory, 
lf the instrument la found to be defective, the untt will be repaired and returned 
to the BUYER. wltb transportation charges prepaid by SELLER. 

Tranaportatton charge■ for tnatrumenta found to be defective within 
the first thtrty (30) days of the warranty period will be paid both way, by the SELLER. 

Tranaportation ohargea for warranty returna, wherein failure t, found 
.!2!. to be the fault of the SELLER, shall be paid both ways by the BUYER. 

Thl1 warranty doe• not apply to 1n1truments which, in the opllllon of 
the SELLER, have been altered or misused. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. TFT IS NOT 
LIABLE FOR CONSEQUENTIAL DAMAGES. 

Claim for Damage in Shipment. 

Your tn■trument 1hould be tn■peoted and te■ted a■ 100n a■ it 11 
Noelved, The ln1trument 11 tn■ured for 1afe delivery, If the ln1trument 11 damaged 
tn any way or fall, to operate properly, file a olalm with the oarrler, or tf tn■ured 
1eparately • wtth the ln1Uranoe company. 

WE SINCJDRELY PLEDGE OUR IMMEDIATE AND FULLEST COOPERATION TO ALL 
OURS OJ' OUR PRECISION ELECTRONIC INSTRUMENTS. 

PLEASE ADVJSII U8 IF WE CAN ASSIST YOU IN ANY MANNER 

Ttme I Fr1quenoy T1obnol01Y, nio. 
3000 Qloott St, 

Santa Clara, ca. eaoao 
408•848-8885 
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2. 1 

SECTION 2 

INSTALLATION 

Unpacking and Inspection. 

Upon receiving the instrument, inspect the packing box and instru
ment for signs of possible shipping damage. Operate the instrument in accordance 
with the procedures of Section 3 of this manual. If the instrument js damaged or 
fails to operate properly, file a claim with the transportation company, or with 
the insurance company if insured seperately. 

2.2 Power Requirements. 

The Model 713 is factory wired to operate from either a 115- volt or 
a 230-volt AC source. A marking on the r ear panel of the instrument inwcates 
which voltage is to be used. The line frequency must be between 50 and 400 her t z. 
Maximum power r equired is 30 watts. 

2.3 Installation Remote from Transmitter. 

When the instrument is installed in the studio, or any place rustant 
_from the transmitter, a rooftop antenna must be used. Wher e a strong strong sig
nal can be expected (ie greater than 40 mV/meter) the Model 722 Resonant Loop 
Antenna may be used. In lower signal locations a long wire (approximately 200 ft .) 
can be used with good results . When the Model 722 is used a 50 ohm coax should 
be used to connect the antenna to the Model 713 . When a long wir e is used it can 
be connected at the R. F. Input of the Model 713, a 61 ohm resistor should also 
be connected from the input to the chassis ground. The procedure for proper adjust
ment of the input level is as follows: 

a. Depress the PWR ON switch, CARRIER LEVEL switch 
and MAIN CARR switches on the Model 713 front panel. 

b. 

c. 

Connect a D.C. Voltmeter with at least 20 , 000 ohms per 
volt impedance to pin D of the 9-pin rear-panel connector. 
This is the I. F. AGC Voltage. For the AGC to be in its 
oper able range this vol tage should be less than +5 volts 
and greater than +2 volts. The range bet.ween 2. 5 and 
2. 75 volts is optimum. 

When the Model 722 antenna is incorporated, rotate the 
antenna until a minimum AGC vol tage read on the DC 
voltmeter. When a resonant loop antenna is contructed, 
change the value of 11c11 until a null is realized. (Fig. 3-2) . 
(Note: the AGC voltage decreases as the RF level into the 
Model 713 increases.) If the AGC voltage goes below 2. 0 
volts , too much RF signal is being received and an a ttenuatot· 
pad must be inserted in the RF cable from the antenna. 

2-1 
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2.4 

d. With the AGC voltage in the pr0per range, adjust the CARRIER 
LEVEL pot such that the CARRIER LEVEL meter is at the SET 
position. 

The monitor is now ready for use. 

Installation at Transmitter Site. 

When the instrument is installed at the transmitter site, connect the 
external 40-dB pad furnished between the Monitor and the modulated RF sampling 
point on the transmitter. 

CAUTION 

DO NOT CONNECT INSTRUMENT DIRECTLY 
TO THE TRANSMITTER RF SAMPLING POINT 
WITHOUT USING THE PAD. 

Install a one-quarter inch wide braided ground wire from the Model 713 chassis to 
the transmitter ground bus. 

When the Model 713 is connected at the transmitter, it may be operated 
in the Automatic Gain Control Mode or by Manual Gain Control. For operation in the 
AGC mode set the instrument up as in paragraph 2. 3 except adjust the transmitter 
coupling for the proper AGC Voltage. To use the instrument in the Manual Gain Con
trol Mode complete the adjustment of the input level as outlined above. Pull the 
center portion of the CARRIER LEVEL control to its outer position and rotate the 
outer knob until the Carrier Level Meter reads on the "SET" mark. The monitor 
is now ready to measure changes in carrier power as well as modulation and 
carrier frequency. 

2.5 Automatic Logging Connection. 

As an Option, the Model 713 can be supplied with the BCD outputs of 
the digital display brought out to rear-panel connector Jl to operate automatic 
logging equipment. Refer to the Model 713 wiring diagram for pin connections. 
(Fig. 6-2) An analog voltage representing the carrier frequency error can be supplied 
on request as an option. This voltage is also brought out to rear-panel connector Jl 
to operate automatic logging equipment which accepts only analog signals . (Ref. Sec
tion 4. 2. 8). 
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3.1 General. 

SECTION 3 

OPERATION 

The Model 713 AM Frequency and Modulation Monitor displays the 
frequency error of the carrier being monitored. It also displays modulation 
percentage and provides a flashing indication when the modulation percentage 
exceeds 99. 5percent on negative peaks and when it exceeds a preset limit on either 
positive or negative peaks depending on the selection of the front panel sWitch. 
The Model 713 can also be used as a general-purpose six-digit frequency counter. 

3. 2 Front-Panel and Rear-Panel Controls. 

The front-panel controls, connectors , and indicators of the Model 713 
are described in Table 3-1 and illus trated in Figure 3-1. Rear-panel controls and 
connectors are described in Table 3-2 and illustrated in Figure 3-1. 

3. 3 Turn-On and Warm-up. 

Check the marking on the r ear panel to make sure the instrument 
ia wired for the line voltage to be used (115 volts or 230 volts). Plug the line cord 
into the power source, and allow 30 minutes for the crystal oscillator oven tempera
ture to stabilize. Energize the instrument by depress ing the PWR ON switch. 
Depress the MAIN CARR switch to place the instrument in the monitoring mode. 
If the monitor is at the transmitter site, connect the rear-panel RF INPUT connecto1· 
to the transmitter RF coupler through a 40-dB pad, as described in Section 2. 4 , 
and adjust the input level as described in that section. 

If the Monitor is used at the remote control location, refer to 
Section 2. 3 of this manual for proper adjustment. 

3. 4 Measurement of Amplitude Modulation Using Modulation Meter. 

Tbe modulation meter is used by simply pushing either the ''+" or 
"-" switch on the front panel. The meter gives a quasi-peak indication of either 
''+" or "-" peak modulation depending upon front-panel selec tion. For ma.ximum 
accuracy the modulation meter calibration should be checked regularly and adjusted 
if necessary. Calibration of the meter is performed by depressing the CAL button 
and adjusting the METER CAL control until the met.er reads exactly 100 percent. 

3. 5 Peak Flasher Operation 

The peak flasher is intended to catch fast transients and peaks that 
the meter cannot respond to. The peak flasher is operat.ed by depress ing either 

3-1 
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3. 5 (Continued) 

the "+" or ,t_,, switch and setting the thumbwheel switches to the desired per
centage of modulation. If the modulation then exceeds that number in the direction 
selected, the flasher lamp will go on, and stay on for approximately 2 seconds. 
The peak flasher accuracy should also be checked regularly and adjusted if 
necessary. Peak flasher calibration is achieved by depressing the CAL button, 
setting the thumbwheel switches for 100 percent, and adjusting the FLASHER CAL 
control until the peak flasher lamp just comes on. 

3. 6 Carrier Frequency Error Measurement. 

To measure the carrier frequency error, depress thP. MAIN CARR 
switch. THE DIGITAL DISPLAY THEN INDICATES THE NUMBER OF kHz (IN 1-Hz 
INCREMENTS) THAT THE CARRlER FREQUENCY DEVIATES FROM I'l'S ASSIGNED 
FREQUENCY. The "+" and "-" on the digital display indicate whether the carrier 
is above or below the assigned frequency, respectively. 

3. 7 Use of the Model 713 As a General-Purpose Counter . 

The Model 713 can be used as a six-digit precision frequency counter 
at frequencies up to 10 MHz by depressing the front-panel CTR switch and apply
ing the signal to be measured to the front-panel COUNTER INPUT connector. 
The signal l evel musl not exceed 2 volts . If it does, the use of a 10:1 oscilloscope 
vol tage-divider probe is recommended. 

When operating in the Counter mode, the instrument performs as a 
conventional counter, with the count being displayed on the sL'< digital readout 
tubes. When the 10 Hz/ 1 Hz COUNTER switch is depressed, frequency measure
ments are in 1-hertz increments from O to 999. 999 kHz; when the 10 Hz/1 Hz 
sWitch is out, measurements are in 10-hertz increments from O to 9, 999. 99 kHz. 
Illumination of the OVERFLOW lamp indicates that the counter' s limit has been 
exceeded. 

3.8 Use of the Model 704A Remote Meter and Peak Flasher Panel. 

This panel duplicates the indications of I.be front-panel MODULATION 
meter and the variable and -100% peak flasher lamps. The 50- foot cable Crom 
the Model 704A plugs into the 9-pin connector on the rear panel of the Model 713. 

3.9 Off-Frequency Alarm (Optional). 

The Model 713 contains a relay whose contacts close when the 
measured carrier frequency error exceeds a predetermined frequency error, i . e. 
±10 Hz. An external alarm can be connected to the relay contacts through Pins B 
and H (ground) of the rear-panel 9-pin connector. Maximum power-handling 
capability of the relay contacts is 500 milliamperes at 50 volts . 
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3.10 Audio Output 

An audio output is available at the AUDIO connector on the rear 
panel. Its level is approximately 4 volts RMS into an open circuit, and it can 
be fed into a distortion analyzer to measure system distortion. It can also be 
used to operate high-impedance earphones if desired. (600Q output impedance) 

3.11 Automatic Logging (Optional). 

When this option is selec.ted, the BCD output of the digit.al display 
is brought out to rear-panel connector Jl to drive external automatic logging 
equipment. Analog output is also available on request as an Option. 

3.12 Subaudible Telemetry (Optional). 

When this option is incorporated, subaudible telemetry modulation 
on the carrier is delivered to the rear-panel TELEMETRY OUTPUT connector 
through a low-pass filter and amplifier. 

3,13 Peak Modulation Indicator. 

The Model 713 contains a relay which is energized when the peak 
modulation exceeds the limit set on the front-panel thumbwheel switch. The 
normally open relay contacts close to short the rear-panel banana Jacks together. 
The contacts are .floating with respect to the chassis and therefore can be hooked 
up in many different ways to ring an alarm or trigger an event counter . 

3.14 Carrier Power Alarm (Optional) . 

When the Mvdel 713 is directly connected to the transmitter and 
operated in the Mainual Gain Control mode this option provides a relay closure if 
the carrier l evel changes by +5% or -10%. When the Model 713 is operated in 
the Automatic Gain Control Mode this same option still reads a +5% or -10% power 
shift, however, in the AGC mode this will only register if there is an abrupt change in 
power level or if the signal drops out altogether, hence signaling the carrier is 
turned off. 

Fig. 3- 1 
Ref. No. 

1 

Table 3-1. Front-Panel controls, Connectors, and Indicators 

Name 

COUNTER INPUT / lMHz 
OUTPUT CONNECTOR 

3-S 

Function 

In the General Purpose Counter 
mode, provides a means of 
introducing the si&J13.l to be 
counted (see Ref. No. 4 below). 
In the Monitor mode (see Ref. 
No. 5 below), this connector 
delivers a 1-MHz output from 
tbe internal time base, for 
calibrating the time base. 
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Fig. 3-1 
Ref. No. 

2 

s 

4 

5 

6 

7 

8 

9 

10 

Name --
PWR On switch (red) 

10 Hz/1 Hz switch 

CTR switch 

MAIN CARR switch 

(- ) switch 

(+ ) switch 

CAL switch 

FLASHER CAL adjustment 

METER CAL adjustment 

3-4 

Tunction 

When depressed, energizes the 
instrument, NOTE: The 
crystal oven is not controlled 

I 
I 
I 

by this switch; power is supplied I 
to the oven circuit whenever 
the instrument is plugged into 
a power source. 

1 Used in the counter mode only. 
When depressed, provides 
1-Hz resolution of the frequency I 
count; when in the out position, 
provides 10-Hz resolution. 

This switch is mechanically I 
coupled to the MAIN CARR switch 
so that when one is depressed, 
the other is out. When the CTR I 
switch is depressed, it places 
the instrument in the General 
Purpose Counter mode. 

When depressed, places the 
instrument in the Monitor mode 
for reading carrier frequency 
ERROR. 

When depressed, ca.uses the 
MODULATION meter and the 
upper PEAK lamp to read nega
tive modulation. 

When depressed, causes the 
MODULA TI.ON meter and the 
upper PEAK lamp to read posi
tive modulation. 

When depressed, provides an 
internal calibration signal for 
the MODULA TIUN me ter and 
the upper PEAK flasher (see 
sections 3. 4- and 3. 5) . 

Used in calibrating the upper 
PEAK flasher (see Sect.ion 3. 5) 

I 
I 
I 
I 
I 
I 
I 
I 

Used in calibrating the MODULA
TION meter (See Section 3. 4) . I 

I 
I 
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Fig. 3-1 
Ref. No, 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Table 3-1. (Continued) 

Name 

MODULATION meter 

PEAK MODULATION thumb
wheel switch 

-100% PEAK lamp 

PEAK lamp 

CARRIER LEVEL meter 

Frequency error display 

"-" lamp 

"+" lamp 

MAIN CARR lamp 

3- 5 

Function 

Reads carrier modulation 
directly in percentage. The 
modulation being monitored, 
positive or negative, depends 
on the setting of the (-) and (+) 
switches (Ref. Nos. 6 and 7). 

Sets the peak modulation per
centage at which the upper 
PEAK lamp will flash. 

Flashes when negative modula
tion peaks exceed 99. 5%. 

Flashes when the peak modula
tion percentage exceeds the 
value set on the thumbwheel 
switch . The PEAK lamp will 
indicate either positive or nega
tive modulation peaks, depend
ing on the setting of the (-) and 
(+) switches (Ref. Nos. 6 and 7). 

In conjunction with the CARRIER 
LEVEL adjustment (Ref. No. 22), 
used to set the proper carrier 
level for correct MODULATION 
meter and peak flashers readings. 

Indicates the carrier frequency 
ERROR in kHz. 

Indicates that the carrier fre
quency is below its assigned 
frequency . 

Indicates that the carrier fre
quency is above Hs assigned 
frequency. 

Indicates that the instrument is 
operating in the Monitor mode 
and that the display is indicating 
transmitter carrier frequency 
ERROR. 
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Fig. 3-1 
Ref. No. 

20 

21 

22 

23 

Fig. 3-1 
Ref. No. 

1 

2 

Table 3-1. (Continued) 

Name 

OVERFLOW lamp 

GATE lamp 

CARRIER LEVEL adjustment 

PUSH-PULL switch 

Function 

When lighted, indicates that the 
counter capacity has been ex
ceeded (General Purpose 
Counter mode only). 

Flashes every two seconds to 
indicate that the counter gating 
is operating properly. and that 
frequency sampling is taking 
place. 

Adjusts the carrier level to the 
proper value for the correct 
operation of the MODULATION 
meter and PEAK flashers. 

PUSH position is for automatic 
gain control Operation and PULL 
position is for manual gain control 
operation. 

Table 3- 2 Rear-Panel Controls and Connecto1' s 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Name 

RF INPUT connector 

9-pin connector 

3-6 

Function 

Provides a means for connecting 
a 50-ohm cable from a rooftop 
antenna at a remote site, or from 
the transmitter RF coupler through 
a 40-dB pad at the transmitter site. 

Provides the following outputs: 

I 
I 
I A. The same voltage that operates 

the MODULATION meter, to operate 
a remote meter (Model 704A). I 
B. Closes a circuit to ground when 
the measured carrier frequency crro1 
exceeds a preset limit for operation 
of an external alarm. Will handle a 
load of 500 mA at 50 V. (JpUOn::tJ. 

C. The same voltage that operates 
the front-panel PEAK lamp, for 
operating a remote peak flasher 
(Model 704A). 

I 
I 

D. AGC voltage. Should be measure1 
With a 20, 000-obms-per-volt meter. 
Decreases with increasing carrier 
level. 

I 
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Fig. 3-1 
Ref. No. 

3 

4 

5 

6 

7 

8 

Table 8- 2. (Continued) 

Name 

5 MHz INPUT connector 

5 MHz INPUT switch 

L. 0. connector 

AUDIO connector 

TELEMETRY OUTPUT 
connector 

lkHz connector 

3-7 

Function 

E. Carrier Alarm . Relay 
Closure to ground when 
carrier power limits are 
exceeded in manual gain 
control. It becomes a carrier 
off alarm when in automatic gain 
control. (Optional) 

H. Ground. 

J. The same voltage that operates 
the front-panel -100% PEAK lamp, 
for operating a remote peak 
flasher (Model 704A). 

K. +5V DC. 

Provides input connection for 
an external 5-MHz lime base. 

When in lower position, Monitor 
operates on its internal time base. 
When in upper pos ition, Monitor 
operates on time base connected to 
the 5 MHz INPUT connector . 

Provides tbe output of tbe internal 
local oscillator for frequency 
measurement. 

Provides the audio signal obtained 
by demodulating the transmitter 
carr ier. Level is 2 vol ts RMS into 
600 ohms at 100% modulalion 
Response is constant within 
±0. 5% dB from 30 Hz t.o 10 kHz. 
Harmonic distortion is less than 1 %. 

Supplies telemetry information con
tained in the carrier as subaudible 
modulation. Optional. 

Provides a 1-kHz refer ence signal 
from the internal lime base for use 
with Digital Clock and Cal endar 
Systems. 
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SECTION 4 

THEORY OF OPERATION 

4.1 General. 

The Model 713 AM Frequency and Modulation Monitor is a single
conversion superheterodyne receiver. The Model 713 makes high-accuracy 
measurements of the carrier frequency and percentage modulation of an AM 
broadcast signal. 

Figure 6-1 is a block diagram of the Model 713. The RF s ignal 
to be monitored is brought in through the RF INPUT connector and applied through 
an RF filter to one input of the gain controlled mixer. The RF filter is factory 
selected to pass the frequency of the carrier to be monitored. The gain controlled 
mixer converts the carrier down to 450 KHzt the amplitude of the 450 KHz product 
can be controlled by the AGC circuit as described in a later paragraph. 

The local-oscillator (L. O.) input to the mixer comes from Board A3. 
The input to Board A3 is normally from a highly stable 5 MHz crystal oscillator 
(A6) housed in a proportional controlled oven. If desired, the 5 MHz input can 
be provided by an external precision source connected to the rear-panel 5 MHz 
INPUT connector; the rear-panel toggle switch located next to the connector must 
be in the up posttion for operation from an external source. 

The precision 5 MHz frequency is divided by 5 and again by 100 to 
provide a 10 KHz input to the phase detector on Board A3. The other input to the 
phase detector is the output of a voltage-controlled oscillator (VCO). The output of 
the VCO must be 450 KHz above the transmitter's assigned carrier frequency to 
provide the required 450 KHz IF output. Therefore the -;- N circuit output is 
exactly 10 KHz when the VCO output is exactly 450 KHz above the transmitter's assigned 
carrier frequency. 

When the two inputs to the phase detector are equal in frequency (both 
10 KHz). the DC voltage supplied by the phase detector to the VCO is of tbe proper 
value to tune the VCO 450 KHz above the assigned transmitter frequency. If the 
VCO frequency drifts above or below the correct L. 0. frequency, the input to the 
phase detector from the 7 N circuit will not be exactly 10 KHz, causing the phase 
detector to produce a correcting voltage to oppose the VCO frequency drift. The 
loop will stabilize with the VCO on the correct L. O. frequency within the accuracy 
limits of the 5 MHz source. 

4- 1 
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4.1 (Continued) 

The output of the IF amplifier, which is exactly 450 kHz if the 
transmitter is exactly on its assigned frequency, is fed to frequency cmmter A5 
through a limiting amplifier, which shapes the waveform into a square wave 
suitable for the up-down counter input. The counter is preset to a count of 
450,000. When co\Ulting commences, the counter counts down. If the IF is 
exactly 450. 000 kHz, the counter will read 000. 000 at the end of each 1-second 
counting period. If the carrier is lower than its assigned frequency, the IF will 
be higher than 450 kHz by the same number of kHz, and the counter will count 
down to zero and back up to the required count to indicate the frequency error. 
When the counter passes through zero, counter circuitry will cause the "-" lamp 
to light. Conversely, if the transmitter carrier is above its as signed frequency 
the counter will count down and stop at a count above zero. In this case the "+" 
lamp will light. The I-second counting interval is derived from the 1-kRz fre
quency which in turn is derived from the precision 5-MHz source. 

The audio output from the audio detector is fed through an ampli
fier to the modulation measurement circuits on Board A2. When the amplitude of 
the negative half cycles of the audio si.gnal corresponds to 100-percent modulation 
of the transmitter carrier, the output of the -100% peak detector triggers a one
shot multivibrator, which turns on the -100% PEAK light-emitting diode (LED) to 
cause it to flash, indicating that the transmitter carrier bas been modulated to 
100 percent in a negative direction. 

The output of the audio amplifier is also fed through two unity-gain 
amplifiers, one inverting and one noninverting. The noninverting amplifier 
output is selected by the METER (+) switch, and the inverting amplifier output 
by the METER (-) switch. The selected output is fed through the meter calibra
tion potentiometer and an amplifier to the MODULATION meter. The same se
lected output is also fed through the flasher calibration potentiometer to the pro
grammable peak detector. This peak detector is referenced to a voltage selected 
by a front panel thumbwheel switch. When the peak detector input voltage exceeds 
the reference DC vol tage , it triggers a one-shot multivibrator which produces a 
pulse to light the PEAK LED for 2 seconds. 

To calibrate the MODULATION meter and PEAK lamp, the METER 
CAL sWitch is depressed, causing a stable 1-k.Hz sine wave derived from the 
5-MHz precision source to be substituted for the detected audio signal. The ampli
tude of the 1-kHz sine wave corresponds to 100-percent modulation of the monitored 
carrier when the carrier level is adjusted to its calibrated value as indicated 
by the CARRIER LEVEL meter. The METER CAL potentiometer is tbell adjusted 
so that the MODULATION meter reads 100 percent, and the FLASH CAL potentio
meter is adjusted so that the PEAK lamp flashes with the front-panel PEAK 
MODULATION thumbwhee]s set for 100 percent. 

4.-2 
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4.2 

4.2.1 

Detailed Circuit Description. 

Crystal Oscillator (A6). 

(Circuit Diagram: Figure 6-9) 

This circuit delivers a highly stable 5-MHz output at a level of 
at least 100 mV to LO Board A3 through a rear panel switch. The oscillator cir-
cuit, including the crystal, is on a printed-circuit board mounted in a proportionally 
control~,1 oven. The output frequency is factory adjusted to provide an output of 5 MHz 
±1 x 10 MHz at the crystal operating temperature. A 1 MHz signal, obtained from 
the Crystal Oscillator by means of a divider circuit on Board A3, is fed to a front
panel BNC connector to provide a means for checking the oscillator frequency against 
WWVB or a precision frequency source. The Crystal Oscillator can be recalibrated 
by adjusting capacitor 05 (see the schematic diagram, Figure 6-9). 

4.2. 2 LO Board (A3) . 

(Circuit Diagram: Figure 6-6) 

The 5 MHz signal from the Crystal Oscillator enters Board A3 at 
pin 21 of Pl, is amplified and squared by ZS and is applied to divide-by-five IC Zll. 
The 1 MHz output at pin 11 of Zll is buffered by ZS and delivered to FP-S5- 9 and then to the 
1 MHz OUTPUT connector. The 1 MHz output from Zll is also fed through two divide
by-ten JC' s, ZlO and Z9. The resulting 10 kHz signal at pin 11 of Z9 is applied to a 
phase detector (discussed in the next paragraph) and to divide-by-ten IC Z7, which 
supplies a 1 kHz output to Counter Board AS through pin 18 of Pl; to the rear-panel 
1 kHz OUTPUT connector through buffer Z8 and pin 16 of Pl; and to a waveform 
shaper consisting of amplifier Q15 and operational amplifiers Z12 and Z13. Opera-
tional amplifier Z12 and associated components constitute a low-pass filter , which 
converts the square wave input to a sine wave. Potentiometer R68 in the output of 
Z12 adjusts the amplitude of the sine-wave input to Z13 so that the AC output of Z13 
is approximately 2. 8 volts peak-to-peak. Potentiometer R69 adjusts the DC reference 
to Z13 so that the AC output of Z13 varies between 0V DC and +2. 8VDC. The 1 le Hz 
sine wave from Z13 is fed through pin 20 of Pl to Board A2 to calibrate the modulation 
measurement circuits. 

Figure 4-1 is a simplified block diagram of the phase de tector. 
Capacitor C34 charges at a linear rate through constant-current source Ql4. When the 
10 l<Ilz signal from Z9 (at TP-3) is high, switch Q13 is turned on and discharges 
C34. When the 10 KHz input is low, switch Q13 opens and allows C34 to charge and 
produce a ramp waveform. At some time during the charging of C34, a short pulse 
is received from the divide-by-N circuit through transformer T2 which turns on gates 
Qll and Q12. These gates pass the ramp voltage existing at the time of the sampling 
pulse on to holding capacitor C26. Thus the value of the voltage on C26 will depend 
on the time at which the sample pulse from the divide-by-N circuit arrives With re
spect to the timing of the ramp. This DC voltage on 026 is applied through a low-pass 
filter to the voltage-controlled oscillator (VCO), where is controls the frequency of the 
VCO. Thus, changes in the nominal frequency of the VCO will cause changes in tbe 
arrival time of the sampling pulses from the divide-by-N circuit, which will change lhe 
voltage on C26 in the proper direction to bring the VCO back on frequency. 

4-3 
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Figure 4- 1. Phase Detector, Simplified Block Diagram. 

The -purpose of the low-pass filter in the phase detector circuit is 
to eliminate spikes and other transients in the DC voltage. The twin FET' s (Q8) act 
as a clifferntial amplifier and present a high-resistance load to holding capacitor C26. 
The FET differential amplifier drives another differential amplifier (Q6/Q7), which 
supplies a single-ended output from the collector of Q7 to varicaps CRl and CR2, 
which tune oscillator Ql. Inductor L3 is factory adjusted so that the VCO frequency 
is 450 kHz above the nominal frequency to be monitored when the DC voltage applied 
to the varicaps is within the range of the ramp voltage generated in the phase de
tector. 

The LO output at the collector of Ql jg fed through buffer amplifier 
Q2 and impedance-matching transformer Tl to the mixer on Board Al. Output level 
at pin 2 of Pl is 1. 5 P-P volts into 50 ohms . The LO output at the emitter of Q2 is fed 
to the rear-panel LO jack, J7. Output level at pin 6 of Pl is 100 millivolts into 50 
ohms. The VCO output at the collector of Ql is also fed through buffer Q4/Q5 to the 
divide-by- N circuit, which consists of integrated-circuit dividers Z4, Z5, Z6 and 
Z2 with associated components. The dividers are programmed for the proper valuo of 
N to p1·oduce a 10 k Hz output by factory wiring of the leads marked A through H, J and 
K. The output of the divide-by-N circuit, at pin 6 of Z2 and TP-2 is a positive pulse 
of approx:imat.ely 1. 1 microseconds duration. It is applied to the phase detector as a 
sampling pulse, as described earlier. 

4.2.3 IF Board (Al). 

(Circuit Diagrao: Figure 6-4) 

The signal to be monitored, at oin 4 of Pl-, is applierl through an 
RF filter to one input of integrated circuit mixer Zl. The filter, which consists 
of all the components shown on the schematic diagram between pin 4 of P l and the 
attenuator, provides 50 dB of image rejection. 

4-4 
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The filter components are factory selected to provide a 3-dB 
bandwidth of 90KHz, centered on the frequency lo be monitored. The second input 
to miXer Zl is the LO s ignal from Board A3, brought into Board Al through pin 2 of 
Pl. The m i.Xer output , at pin 9 of Zl, is fed through jumpered test points TP-1 
and TP-2 to the input of the first IF f ilter . Potentiometers R18 and R22 adjust the 
filter input and output resistances respectively for proper matching. Buffer Q3 
provides isolation between the first and second I F filters, and R43 and R39 adjust 
input and output resistances of the second filter. The 450.KHz IF s ignal passes 
through buffer Q5 to a limiting amplifier to drive the frequency counter, and also 
to the audio detector. 

The gain of the IF strip is controlled by varying the gain at 
the TC mixer Z 1 This is accomplished using an optically coupled isolater consist
ing of a photosensitive resistor and Light Emitting Diode (LED) packaged together. 
As the current thr ough the LED varies, it changes the resistance of the photo
resistor. The resistance increases as the current through the diode decreases. 
The LED is driven from the AGC circuits. 

The tuned limiting amplifier cons ists of Q7, Q8, Q9 and assoc
iated components. The 450KRz sine-wave outout at the collector of Q9 is squared 
by Zl0 and fed through gate Z l0 and pin 20 to Pl to the counter circuits on Board A5. 
The signal gate is controlled by the AGC signal at pin 14 of Pl amplified by Z9. 
When the AGC vol tage at pin 10 of Zl0 is high, the 450KRz signal does not pass 
through the gate; when the AGC voltage is low, the s ignal is passed. Thus Z9 and 
ZlO act as a squelch circuit to switch off the 450KHz signal lo the counter in the 
absence of an RF signal to prevent false counter readings. 

The audio detector is an active rectifier consisting of Z2, CR2, CR3 
and associated components. The resulting waveform at TP-6 contains the positive 
half cycles of the 450KRz signal, bounded by the modulation envelope. This signal 
is applied through an active low-pass filter (Z3) with a cutoff of approximately 25K.Hz 
to differential amplifier Z4 in the AGC amplifier circuit; to amplifier Z8 in lhe meter 
amplifie r circuit; and to audio amplifier Z5. The output of the low-pass filter 
contains the Audio Information and Carrier Level Information. 

The Model 713 gain can be controlled manually or by Lhe internal 
automatic gain control circuitry, by the use of lhe front panel CARRIER LEVEL pot 
and concentric PUSH-PULL switch. With switch in the manual mode the gain of 
the mixer (Zl) is controlled by the lK ohm seclion of the CARRIER LEVEL pot. 
(Ref. Fig . 6-2). 

When the Model 713 is oper ated in the automatic gain control mode 
the wiper of the front -panel 100 ohm CARRIER LEVEL pot supplies a reference volt
age to the noninverting input of Z4, with the rectified IF signal from Z3 being applie d 
to the inverting input of Z4. If the carrier level increases, the rectified IF leve l 
increases, causing the output of Z4 to decrease and increasing the resistance of the 
optically coupled isolator which reduces the IF level to its proper value . A decrease 
in the carrier power bas just the opposite effect. The AGC amplifier bas a high 
frequency cutoff at about 5Hz so that it responds only to the average value of the recti
fied IF signal and not to the modulation. Zener diode CRl in the base circuit of Q6 
limits the current through the LED to a safe value . Note the AGC vol tage at the out
put Z4 and at pin D of the rear panel connector (J3) decreases With increasing carric r 
level. 
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The meter amplifier consists of differential amplifier Z8 and 
current drive Z7. Current through the CARRIER LEVEL meter varies with the 
average value of the rectified IF applied to pin 2 of ZS. The reference voltage 
at pin 3 of Z8 is factory set by potentiometer R70 so that an 1F level of 400 milli
volts at the output of w ffer amplifier Q5 (TP-5 and TP-9) will cause the 
CARRIER LEVEL meter to indicate midscale (SET position). 

The audio amplifier consists of integr ated-circuit amplifier Z5 
with a gain of 5 and integrated-circuit amplifier Z6 with a gain of 2. 5. Two 
audio outputs are provided, one at pin 5 of Jl for the rear- panel AUDIO jack and 
the other at pin 8 at J l for the rear-panel TELEMETRY OUTPUT jack. 

4. 2.4 Counter Board (A5). 

(Circuit Diagram: Figure 6- 8) 

lf the carrier being monitored is precisely on its assigned f r e
quency, the IF will be precisely 450-kHz. The counter measures and displays any 
error in this frequency . The counter can also be used for general test purposes as 
described below. 

The source for the counter time base is the 1- k:Hz signal from 
Board A3, which enters the counter board at pin 16 of Jl. The 1-kHz signal is divided 
by decade dividers (Z6, Z5 and Z4) to produce a 1-Hz square wave at pin 11 of Z4. 
This 1-Hz pulse is ANDed with 500-Hz and 100- Hz pulses from Z6-12 and Z6- ll 
to toggle Dip-flop Zl (pin6) in such a way that a waveform is produced at TP2 which 
is high for 1 second and low for 10 m illiseconds, repetitively. The frequency to be 
counted (nominally 450-kHz) at pin 2 of Jl and at TPl is thus gated on through 
NAND gate for 1 second and then gated off for 10 milliseconds, repetitively. 

The gated signal is applied to the up- down counter chain consisting 
of Z17, Zl6, Zl5, Zl4, Zl3 and Zl2. This counter, which is laid out in Figure 
6- 8 in the same order from left to right as the Nixie display tubes appear on the front 
panel, is preset to a count of 450,000 . During the 1 second that the monitored signal 

• 

is gated through to the counter, the counter counts down. If and when the count reaches 
zero, all inputs to zero detector Z18 will be logic 1 and Z18 drives the set input (pin7) 
of flip-flop Z20 low to produce a logic Oat pin 10 of Z20, thus causing the counter 
to start counting up. The other Z20 flip-flop stores information as to whether the 
counter was counting up or down at the end of the I-second counting period and drives 
the "+" or "-" lamp on the front-panel frequency error display to indicate whether the 
frequency is high or low. Gate Zl 9 is disabled by a control s ignal from Zll when the 
counter is in the general-purpose counter mode. 

At the end of the I - second counting period, the level at the TP2 
GATE test point drops to O for 10 milliseconds; as explained in a preceding paragraph. 
During this 10- millisecond interval, the count reached by the six counters is transferred 
to the storage register consisting of latches Z21 thr ough Z26. Transfer is effected by 
a l ogic 1 level from the 1-Hz time- base circuit which is fed to the storage register 
latches 011 the line connecting to test point TP4 TRANSFER. The count is held in the 
storage register during the nex1; I - second counting period. Each storage- register la tch 
drives a NiXie display tube through a BCD- to- decimal decoder (Z27 through Z32) to 
indicate the frequency count. 
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After transfer of information from the counters to the storage 
register is completed, the counters are reset to a count of 450, 000 by a logic O 
from the 1-Hz time-base circuit which is fed to counters Zl 2 through Zl 7 on the 
line connecting to test point TP- 3 LOAD. While the level on the LOAD line is O 
each counter is preset to a count determined by the logic level on its data inputs 
(pins 9, 10, 1 and 15). These data inputs are wired to ground or +5 vol ts, de
pending on the count required. At the end of the zero- level pulse on the LOAD line, 
the counters are ready to begin a new 1-second count~. 

When - 100% peaks are reached on the modulation there is insufficient 
level to drive the counter and erroneous frequency readings r esult. When the -100% 
peak lamp flashes in the Model 713 the output of Z37 is set low and no transfer pulse 
is generated for the storage latches , Z21-Z26. This causes the counter to hold it 
last reading until another one-second count is completed before another -100% peak 
is detected. The GATE lamp also stops functioning when this condition occurs. 

The - 100% peal< input to Z37 is disabled in Z36 when the counter 
is in the auxiliary counter mode. 

A positive-going transfer pulse at pin 6 of Z36 is applied to pin 1 
of flip-flop Zl, which produces an output at pin 15 to turn the front- panel GA TE 
LED on and off at the counter gating rate to indicate normal operation of the gate. 
The GA TE lamp will not operate when the transfer gates are disabled by negative 
modulation peaks in excess of 100 percent, as described earlier. 

When the counter is operated as a general-purpose counter, the 
resolution can be set to either 1 Hz or 10 Hz by a front-panel switch. When the 
switch is in the 10-Hz position, gates Z9 select the output of ZS rather than the signal 
at pin 2 of Jl. The output of ZS is the frequency at pin 2 of Jl divided by 10. 

The circuit consisting of Z23, ZlO and Zll operates in the general
purpose counter mode to turn on the front-panel OVERFLOW lamp when the count into 
t11e counter exceeds its capacity. 

Relay Kl and associated circuitry 1n the lower right-hand corner of 
Figure 6- 8 are for· an optional off-frequency alarm. Tbe gate inputs can be wired to 
the counter BCD outputs to cause Kl to energize and place a ground on pin B of rear
panel connector J3 whenever the measured frequency error exceeds a specified limit. 
This limit is factory wired,usu.ally ±.20 Hz unless otherwise specified. 

4.2.5 Peak Flasher and Meter Amplifier (A2). 

(CircUit Diagram: Figure 6-5) 

This board drives the modulation meter, the peak modulation lamps, 
and the peak counter relay from the audio signal on Board Al. The auc!io signal is 
brought into Board A2 at pin 2 of the board connector. When the front-panel METER 
CAL switch is depressed, this audio input is a sine wave from Board A3 with a negative 
peak of OVDC and a positive peak of approximately +2. SVnc which corresponds to 
100-percent modulation of the monitored carrier. The audio input is applied to the in
verting input of operational amplifier Zl , which acts as a comparator. The other input 
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to lhe comparator is anc vol tage, very nearly OV DC, factory-set by potentioni~ter 
R3 to give a positive pulse out of Zl when the negative peaks of the audio input just 
reach OV DC When the front-panel METE R "+11 or " - " switch is depressed , thus 
releasing the METER CAL switch, any audio input from Board Al at pin 2 of U1e 
Board A2 connector whose negative peaks r each zero or a n egative value will pro
duce a positive pulse at the output of Zl. This positive pulse triggers the one- shot 
multivibrator Z2, R4 and C7 producing a positive pulse approximately 1 second in 
duration at pin 2 of Z2. This I - second pulse is inverted by Z3 and applied to driver 
Z4 which turns on the -100% PEAK LED for the duration of the pulse out of the one
shot multivibr ator. This same output is also fed to pin J of r ear -panel connector J3 
to operate a r emote negative-peak lamp. 

The audio input at pin 2 of the boa1·d connector is also applied to 
inverting unity- gain amplifier Z5 and noninverting unity-gain ampl ifier Z6 . The 
outputs from these two amplifiers are fed to the front-panel METER"- " and 
METER"+" switches so that either the negative or positive peaks can be measured. 
The selected output is applied to front-panel METER CAL potentiometer R2 and 
front-panel F LASH CAL potentiometer Rl (see Figures 6-1 and 6- 2) . 

The selected (positive or negative peak) auclio signal a t the wiper 
of R 2 on the front panel enter s Board A2 at pin 18 of the board connector, and is 
applied through emitter follower Ql and amplifier Z9 to the a udio rectifier consist-
ing of CR 2 and associated components . The DC voltage at the cathode of CR2, whose value 
is proportional to the peak modulation amplitude, is fed through current driver ZJ 0 
to the front-panel MODULATION meter and to rear- panel connector J3-A to drive 
a remote meter. 

The selected (negative or positive) nudio signal a t the wiper of Rl 
of front panel enters Board A2 at pin 8 , :ind is a pplied to the noninverting input of the 
compa-rator Z7 . The inverting input to Z7 is from constant- current sour ce Z8. The 
voltage output of Z8 applied to the inverting input of Z7 i s controlled by the resistance 
selected by the front-panel thumbwheel switches SW8 and SW9. Thus, when the audio 
input at pin 8 of the boa.rd connector exceeds the voltage at pin 4 of Z7, a positive 
pulse is produced at pin 9 of Z7 . This pul se is stretched by one- shot multi vibrator 
Z2 to approximately 1 second and this I-second pulse is appl ied through inverter Z3 
and driver Z4 to the front-panel PEAK LED CRl and to Board A8 to energize a re-
lay and also to drive a remote peak indicator. 

When the front-panel CTR switch is depressed, Lhe cxtornal frequency 
to be counted is brought into Board A2 through pin 3 of the board connector and applied 
to the gate of FET Q2. The s ignal at the source of the FET is fed Uu-ough differential 
amplifier Q3/ Q4 to Schmitt trigger 4-input NAND gate Zll wMch shapes the input signal 
into a good square wave to operate the counter. The Schmitt-trigger output, at pin 4 of 
the boo rd connector, is delivered through the front-panel CTR and MAIN CARR switches 
to pin 2 of Counter Board A5. 
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4.2.6 Power Supply (A4). 

(Circuit Diagram: Figures 6- 2 and 6-7) 

The Power Supply provides four outputs: - 15V, +15V, +5V and 
+170V. rn the- 15V supply, AC from pins 11 and 12 of Tl on the chassis is rectified 
by CR1 through CR4, filtered by Cl and regulated by Ql and Zl . The ouq:,ut voltage 
level is adjusted by R3. 

The+ 15V s upply is similar to the -15V supply, except that the rectifier 
for the+ 16V supply (CRl) is located on the chassis. The output is adjusted by R7. 

.In the +5V supply, the rectifier (CR2) is located on the chassis. The 
output of the rectifier is delivered to pin 22 of Pl where it is filtered and returned to 
series regulator Ql a lso located on the chassis. The series regulator is controlled by 
regulator Z3, and the output is adjusted by R13. 

The +170V supply for the Nixie tubes is fed fr om AC at pins 5 and 6 
of Tl through front-panel PWR ON switch SW7. The AC is rectified by CR5, filtered 
by C4 and fed to the Nixie tubes on Board A5 through Pl-18. 

4 . 2. 7 Telemetry Output Board (AS) 

(CircuH Diagram: Figure 6- 11) 

This board contains the circuitry for the n~mote peak counter and 
is standard equipment. The board also contains the telemetry circuitry and the 
carrier alarm circuitry when these options are selected. 

The peak coW1ter circuit consists of relay Kl and associated components. 
The relay is energized when the output of driver Z4 on A2 board goes low, as described 
in section 4. 2. 5. When relay Kl energizes, it supplies a contact closure to rear- panel 
connectors J 4 and J5. 

The telemetry circuit is simply a low- pass active filter consisting 
of Z5 and associated components . This Cilter has an upper cut-off of approximately 
35 Hz to pass only subaudio telemetry signals . 

The carrier alarm consists of Zl, Z2, Ql , K2 and associated 
components. Input is from the carrier level met.er circuit on Board Al through pin 
9 of the AB board connector. Integrated circuits Zl and Z2 are comparators. 
When the Model 713 is located at the transmitter being monitored, potentiometers R9 
and R6 can be adjusted to causeK2 to energize when the carrier level goes 5 percent a
bove or 10 percent below nominal. During this mode of operation, the gain must be 
controlled manually as described in Section 4. 2. 3. For remote operation and automatic 
gain control of the Model 713, the alarm circuitry can only be used to energize K2 when 
the carrier goes completely off. The contacts of K2 provide a groWld on rear- panel 
connector J3- E when relay 1<2 is energized. 
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4. 2. 8 Digital to Analog Converter Board (A9) 

(Circuit Diagram: Figure 6-12) 

This board provides a DC vol tage output proportional to the digital 
counter reading for automatic logging equipment that requires an analog input. The 
digital BCD infor mation is brought from the counter board and is con verted to a DC 
voltage by Zl. Z3, Ql and Q2 s witch the output of ZS to positive when"+" errors 
are detected by the Counter Board and to negative when"-" er rors are detected. The 
output of Z5 s wing ±lvolts for ±20-Hz frequency error and is connected to Jl on the 
rear panel. 

4.2.9 BCD Automatic Logging (Optional) 

The BCD Auto Log option brings the digital information for the counter 
display to the r ear panel connector Jl. This BCD information reads the e r ror fre
quency only when the MAIN CARRIER button is depressed on the Model 713 front panel. 
The "+" and "-'' information is also brought out for r ecorder s equipped to accept it . 
The digital information is positive true BCD with TTL compatible levels . The pin 
connections for Jl are shown in the table below. 

RP-Jl Wiring with BCD Auto- logging op tion - Pin Function 

1 D 17 D 
2 C 10 kHz 

18 C l Ilz 
3 B 19 B 
4 A Digit 20 A 

Digit 

5 D 21 D 
6 C 100 kHz 

22 C 10 Hz 
7 B Digit 

23 B Digit 
8 A 24 A 

9 D 25 N.C. 
10 C 100 Hz 26 Gnd. 
11 B Digit 50 +5 Vol ts DC 
12 A 

13 D 
14 C 

1 kHz 
15 B Digit 
16 A 
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5.1 General. 

SECTION 5 

MAINTENANCE 

Since the Model 713 is a solid-state instrument and its power re
quirements are low, no maintenance problems due to high temperature should be en
cowitered, provided the instrument is installed well away from vacuum-tube and other 
heat-generating equipment. Likewise, because the operating voltages are low, ex
cessive dust accumulation associated with high-voltage devices should not occur. 

Access to components and periodic maintenance are covered in 
Sections 5. 2 and 5. 3. Three methods of calibrating the master oscillator are described 
in Section 5 . 4. Other calib1·ation procedures are covered in Sections 5. 5 through 5. 7, 
and troubleshooting procedures are given in Section 5. 8. 

5.2 Access. 

To gain access to the top- of-chassis components (all printed- ci rcuit boards and the 
master oscillator assembly) remove six screws from the top cover, three on each side, 
and then remove the top cover. Removing six similar screws from the bottom cover 
provides access to the be low-chassis components (connectors , power transformer and 
switches). 

5.3 Periodic Maintenance. 

Except for the master oscil lator calibration described in Section 5 . 4 , 
the only periodic maintenance required is cleaning. Once a year, or more often in dusty 
locations , remove the printed-circuit boards and blow off the dust with compressed air. 

Master Oscillator Calibration. 

The 51Y!Hz crystal master oscillator should be calibrated periodically. 
The aging rate of the master oscillator is typically 1 ppm per year. For a monitored fre
quency of 1. 6 MHz, the local oscillator frequency is 2. 0 MHz, and the typical error would 
be 2 Hz per year. Thus, calibration once a year should ensure keeping the monitor's 
error well within the FCC allowable transmHter frequency error of 20 Hz. even at the high
frequency end of the broadcast band. 

Three calib1'ation methods are described in Sections 5. 4 .1, 5. 4 . 2, and 
5. 4 . 3. For all methods, to adjust the master oscillator frequency remove the instrument. 
from the r ack and remove the top cover, as described in Section 5. 2. Then 1·emove the 
button plug from the master oscillator module, and turn the master oscillator trimmer 
capacitor shaft with a nonmetallic adjusting tool. 

5. 4.1 Calibration Using a Secondary Standard. 

A secondary standard such as the HP Model 5245 counter or the HP 
105A quartz oscillator can be used to calibrate the Model 713 maste1· oscillator. 
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5.4.2 

a. 

b. 

c. 

d. 

e. 

Remove the instrument from the rack and remove 
the top cover. 

Depress the front-panel MAIN CaRR switch button. 

Connect the l-MHz output of the secondary standard 
to the external sync input of a 10MHz oscilloscope. 
Adjust the oscilloscope for external sync. 

Connect the 1-MHz OUTPUT connector on the front 
panel of the Model 713 to the vertical input of the 
oscilloscope. 

Adjust the oscilloscope vertical gain for full scale 
deflection and adjust the horizontal sweep speed to 
O. 1 microsecond per centimeter. 

f. Adjust the Model 713 master oscillator frequency 
for the least mo-vement of the oscilloscope display. 

Calibration by Measuring a Standard Frequency Using Frequency 

Counter Mode . 

If a frequency standard of higher accuracy than the moni tor's 
master oscilla tor is available .such as the color subcarrier transmitted by TV network 
or iginated programs, the following method can be used to calibrate the master oscillator. 

5 . 4.3 

a. Depress the front-panel CTR switch button. 

b. Connect the output of the frequency standard into the 
front-panel COUNTER INPUT jack, first making sure 
the standard signal does not exceed 2V RMS. (Use an 
attenuator to start with if the voltage is unknown). 

c . Adjust the Model 713 master oscHlator until the monitor 
readout indicates the frequency of the signal being applied. 

Calibration Using a WWVB Receiver. 

This method provides the best calibration accuracy. 

a . 

b. 

Depress the MAIN CARR pushbutton on the Model 713 
front panel to provide a 1-MHz output at the front-panel 
connector. 

Connect the front-panel 1-MHz OUTPUT connector to the 
WWVB receiver. 
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5. 5 

5.6 

5.7 

c. Refer to the WWVB receiver instructions for the proper 
setup and method of calibrating the mt ster oscillator. 

Calibration of Modulation Meter. 

a. Depress the front-panel METER CAL switch. The 
modulation meter should read 100%. If it does not, 
adjust the front-panel METER CAL potentiometer. 

b. To check balance, hold the METER CAL switch down 
while pressing the METER (-) switch. The meter should 
read the same as before within 2%. 

Calibration of Peak Flasher. 

a . Depress the front- pa.nel METER CAL pushbutton. 

b. 

c. 

Set the front-panel thumbwheel switches to read 100%. 
The peak flasher should light or flash on and off. 

Set the thumbwheel switches to 101 %. The PEAK lamp 
should go off. 

d. If the PEAK flasher is not on or flashing at a thumb
wheel setting of 100%, or if it does not remain off at a 
setting of 101 %, adjust the front-panel FLASHER CAL 
potentiometer. 

e. The -100% PEAK lamp is factory adjusted. 

CARRIER LEVEL Meter Calibration Check. 

With the top cover of the instrument removed, connect a precision AC 
voltmeter (HP 3469A digital volmeter or equivalent) to test point TP5 on IF Board Al. 
With a signal input to the monitor that is of the correct frequency and of sufficient amp
litude to cause the CARRIER LEVEL meter to read to the SET position, the vol tage at 
TP5 should be 400 mV RMS ±4 mV. If it is not, calibrate the meter as follows: 

a. . Rotate the front-panel CARRIER LEVEL potentiometer 
counterclockwise until the AC vol tmeter reads 320 mV. 
(NOTE: gain control should be in the AGC mode). 

b. 

c. 

d. 

e. 

Adjust potentiometer R70 on the Al boa1·d so that the CARRIER 
LEVEL meter reads -20%. 

Rotate the CARRIER LEVEL potentiometer clockwise 
until the AC voltmeter reads 480 m V. 

Adjust potentiometer R66 on the Al board so that the 
meter reads +20%. 

Rotate the CARRIER LEVEL potentiometer cowiterclock
wise again until the voltmeter reads 400 mV. The CARRIER 
LEVEL meter should now read exactly on SET. 
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5.8 

5. 8.1 

5. 8.2 

5.8.3 

5. 8. 4 

General Troubleshooting Trees 

Instrument completely dead 

Modulation meter works correctly, but frequency 
readout does not 

Frequency display works correctly, but Modulation 
Meter or Peak Flashers do not. 

Neither Modulation Meter nor frequency display works 
cor rectly, but display tubes lite when power is on. 
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1 er-_M_A_I N'----=-'CA--'--R--'--R--'--1.::::..E:....:..R-+---+---__JLIMITI NG _ I ---- ---i ( \ I AMP I .------ ----1' I REAR~EL; 

L 
: I l OFF FREQ. 

-
-~::=:~~~~~~~===~===t=====:--::====-===-===-===-==J_l _ _ _ !-_ ___ _J I C OU N TE R & Jt----- --.. ALAR M (OPT.) 

COUNTER: 'COUNTER! ___, I DISPLAY , -~- -@@@.@@@ 
A M p A 2 If----<---' ,------ ---+---- -----__!llK~~--_JI KHz 

;() MAIN CAR RIER I 11.r:::. I - - -- - - - -- --~ L ____ ~ 
I 
I 

p 1- - - - -
MEASURE / I -- -- 7 /. +

5
v 

o----___!,_----' - 100 % 1-_..,_0 NE SHOT ,,---... _,,~ t 
CALIBRAT E I PEAK DET. & DRIV~ R r---r----'l.lv'V'l"v•.,---;_, -l~H4'~a-+-_J 

>-;----:-1-----+-----_JCONTROLLEDt------~ 
osc. 

( REAR PANEY -
I 

I 

I 
I 

-100;,:'.PEAK 
I MOOL.LATION 

X (+ 1) 

I 
.,__ AMP I O I 

REMOTE 
FLASHER 

( REAR PANEL) 

EXT 5 MHz I 
( REAR PANEL) I 

~ ! 
IOKHZ /4 
,...::...._____ ¥-' DET +---- 7 N ~ I 

._______,J I 

5 MHz Lr1 I .. 
osc A6 I 5 

1---41.......i ...:....: 100 1--4~ 7 10 f---<l~ WAVE FORM 
SHAPER 

I 
I 

I KHz 
OUTPUT 

(REAR PANE -

I 
I 

I 

I 

I 
I 
L_ _______ _ _ _ ~ 

POWER SUPPLY 

• + 15V 

1-----. - 15 V 

f----_,. + 5 V 

L------~A~4....:.....J1-----~ + 175V 

t- M)DULATI~ 
I ~ X(- 1) LJ ,-----41__,-----
I AMP -M01lJLA10N I 

+ 5V 

~ PEAK 
COUNTER 

(REAR PANEL 

0 
I I % MODJLATION 

>">,,-.,_/ _ ___:__--.1MODULATION I 
METER ., I ME TE R AMP r----------+---'-, _J / 

CAL -:... I I 
,,,0 I I /. +5V 

~~•----------..!PROGRAMMABLE ONE SHOT I ,,--....,I' i 

J I PEAK DET - & DRIVER v·v· 1 (~ ) 
1 

REMOTE 
METER 

(REAR ~ NE 

..... FLASHER CAL. + 15V O 
'-.._/ I l I 7o PEAK MOCU..ATION 

I C ! I I . REMOTE 
L FLASHER 

------ - - ----_gj (F£AR ffiNEL) 

J(' Ft.AK tv10DJLATION 
50¼ - 1291. 

7 

MODEL-713 
t=~~=· ==--=.•1 -;;:·-=-= ..... -....:......:...=--.------' 

BLOCK DIAGRAM 

FIG. 6- 1 

wigfi
Stolen 2 Line Transparent
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CKT . RE1'' . DESCRIPTION T FT STUCK NO ML'n 

MAIN CHASSIS 

cm SCAJ-2 Bridg:c Rectifie r 1284-952:.! Semtech 
CH2 SCA,J-2 !fridge Hcc;tifiM 1284-9522 Scmtcch 

(ll MJ t: 3055 NPN Power t r.t ns ist.or 1272-3055 Motoro la 

RI 2oh m l ~'li 3 Watl Wive Wound 1068-0002 Ohm lte 
Rl.ls l:,t.or 

R2 lOkohm 1-5'-l, l/4W Carbun Comp lOGS-1002 Alle n-Bradley 
ll3 3. 3koh m t-5% l/ 4W Ca rbon Comp 1065-3301 Allen-Brndloy 
R4 680otim ,t:5% l/ 4W Carbon Comp 1065-0680 Allen-Bradley 

Tl Power transfor mer 1500-0002 T r nncx 

T DI 7 Position term inal Strip 1700- 0007 Chinch 
T D2 7 Poi,it ion te r m inal Slrip 1700-0007 Chinch 

J I- J C. 22 P in Single Row t:dgll Connector 2250-!030 SAE 

,,.. ........ ~~~ ' - ~~~~"Mn u ~ 

F HONT PANEL 

CRl Lif,thl Emitting Diode 1285- 4403 Monsanto 
CR2 Light E mllttng Diode 1285- 4403 Mon8a nto 
CR3 L i~ht t-:m itl.lng Oio::le 1285- 4403 Monsanto 

M l 400 Amp Specia l Scale Mete r 1400-7075 API 
M2 500 Amp Special Scale Mete r 1400- 1002 Simpson 

RI IK P o tent iometer 1071- 100 ] CTS 
R2 I K Pote nl.lometer 1071-1001 CTS 
R3,R4 C:-inged Pol. AsJJembly 1075-1048 Allen- Brndley 
R5-Rl3 J OU 1 1% l / 8W, Me tal Film lOGl-0010 Dale 
Rl4-R20 1000 ±1% 1/ SW, Me tal Fllm J0GJ- 0100 Dale 

S\lll - SW7 i Slallon Ganged Pu8h Button 1850-0070 It:E 
Switch Assembly 

S\Y8-Sw9 2 Station Ganged Thumbwhcel 1875- 9111 fntcr8wltch 
Switch Assembly 

SWl0 Part of R3- R4 Aa sembl_y 1075- 1048 Al len-Bradlt,y 

JJ BNC Connector 2200-7935 Kings 

Mlsccllaneoua Parls 
P lastic Displ ay Window 3000-001.3 T IT 
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1 - -- 7 
I 91 I 

Tl 
4 4 -Z/ 

I I 
~ A4-l ?Z I I 

.44- 1¢ Z L _ _j 
€ (> A4-l2 

1 - A-z ,aRPFU-<-n A4 -ZO 
A4-2Z 

T7:) RP-FLJ-S 
_g A4-9 

.,¢,l-10 
;f-1-17 - -(., 

+ 
A4-'9 
-46-2? 

L ~ .£_J 
~A4-l6 

~--SW7-8 

RI 
2,3W 

5 O VEN' " Ctt21(- ) 

ce1f+J ASSEMBL~ 
2. 1 Aid B <SrN.O 

Al-II ,l?,R.SW/-I 

O I-A'Z-20 

MODULAnON 

~ CH-At!.-ZZ 

Ml 

SW8 
.e!S 
/ 0 

pi,;, 

/0 

,n 
/0 

RB 
IO 

R-, 
/0 

R IO 
JO 

,,IZ// 
/0 

Rll:: 
I0 

9% 

er. 

~ l.3 - - -0.,>---0 A 
IO I '¾ 

t;;,NO ~~NO 

RI Rz Z 
I K. Z-t, I K.. 0/-.42-18 

3-S I S W3-8 

PEAi' C ,4L Mi!Ti!!Y!. CAL 

0 

:5WI 

CAL 

R IC,. 

/00 

R IS 
loo 
RI~ 
/00 

R/7 
/00 

IZ/8 
/00 

/?19 
100 

t!:-H-At!-? 

Al 

I <.,NO 

2 A3-2 

.3 e,NO 

4 RP..J2 

s ,1<p--.jg 

c:, FP-SWl-4 

7 FP-11,te- + 

8 RP-J8 

9 -IS V 

/0 F P -MZ-(-J 

// 
12 -f lSV 

13 

/4 
IS F P-R3-3 

16 FR-R.3-1 

F.P-J3 -D 
FP- IZ3-Z 

+SV 

FP-SW4 - 7 
N -C-

22 r-,ND 

JI 

CHA SSIS W I R IN G, 7/ +5V 0---------~-~--~ I ',is~ ; f:_1 

A2 A3 
I ..;,NO I <-,NO 

z t=P- S WJ-S z A l -2. 

3 FP-5WS-7 8 G, ND 

4 .CP-s w s-,;. 4 -ISV 

s- -fSV s -r- 1sv 

G FR-SW 3-<o, ,:;, R.P-J7 

7 FP-SW.3-7 7 

e FP-Rl -2 a 
9 FP<w8 -A 9 

/0 RFJ3✓ 10 
/ / f'P-CR2-I I I 
IZ pp -.,; ~;!'> A 12 

13 RP- J3- C 13 

14 FP-CR.l-1 14 
I S 
/,;, RP-JIO 

-isv 17 +6V 

18 F P -RZ- 2 18 AS-JI-/<.:, 

19 r lSV 19 FP-SWS-9 

co FP- M / - ( + ) 2 0 .CP-Sw l- 7 

Z I RP-J 3-A ZI RP-SWJ - 2. 

Z2 ~No, FPMI-{-) zz r;,NO 

,----t-"cf.------------, 2 AS• P l -2 

A4 c nz.•· 
T'Z 

- ---'<c'9'--------i'/ A S--Pl-4 

FP.5"4 -1 
I Ti-!l,71-l'r. ,MAIN '' 

73 C AIZR 

2 T t-lt,7/-~ FP-.w-4-3 
3 
"f FP.SW7-II 

+sv r4 
S-W1~ 

s FASW ?- S" 

G 
T5 

c:;,vo n-----------------lt. ,;jl\/0 
A S -Pl -'-7 

8 
9 
I O 
// 
12 

13 
14 
IS 
16 
17 
IB 
19 
20 
21 

22 

C R! f-J 

FP- 5 W7- 2 'lcA<,, - / 

t,)l-8 

f oV 
+S V 
FP-SW7-7 

TI-S i ~ NO 
c,ez (-J f &ND 
Pl-8 
c .;2; ( +} 
(Pl-£ 

9Z- C. 
c,ez( +) 

COUA/TER. Dl..5PLAV 80ARO 

AS 

A S:, C OUI\ITE,€ D/SPLAY 8Q,4RD P/N CONN€CTION T A/61,,4 

PYN 
I 
z 
5 
4 
s 
6 
7 
B 
9 
/ 0 

II 

IZ 
/.3 
/ 4 
I S 

IG 

J I J2 J3 
,r:~~!-i 

P,S W4-8 

R/:2./1- 40 

RP-Jf-19 l<P-Jf- / / 
.CRSIV,..-1 RP-JJ-20 RP..JI- JZ 

RP- vl- 18 RP-v'l • / 0 
~P-s-w .. -12 RP-v/ -17 RP-✓l-9 

A4 -t8 RP-✓f-22 RP...Jl -14 
RP-Jl-21 RP..v/-13 
RP...Jf -i34 RP...Jl - / r,, 

l-"ASW.;- 1 RP-vl-23 RN/ -15 

,c,:<sw"-3 RP- Jl-4/ 

R~J3-8 

A.3-18 

TB~ 
RZ R3 1<4-
IO K 3.3 K G.80 

::T-1 ,P/ 

A "1-JI I 

A?..;1. ;,r 

A I .JI /I 
RP-JI - ~ 117-Jl-,f 
INP...Jl- 4 

li?P-Jt-Z A }-J/• {, 

RP-✓/- I 
RP.-JI- C. 
R,:,..../1..S 

RP-.!/ B 
li'P-JI- 7 

I.F. ffA.t: Ft.A.SHEi!. 4NO 
L.O, P WR :5ll~Y 

C >-I - A \-1~ 

:5W9 A 

0 

@ (i) 

ii 
®® 
(!) @ 

SW2 

"+" 

1109'. 

/ 00% 

~% 

eo% 

70% 

.;o¾ 

627,% 

CI-I-AZ- 14 

ME'TERAMt"L. 

.swa 

FRONT PANEL 

E
+SV(TOSW7-S ) 

CR I K. 
CARRtliR LEVEL 

C R;i, 

C H·TB2-3~-t ' " I " ' _ Cf../-11 /- /0 
CI-I- AZ-13 --tl_.!__j--=-

+5Vt'ro S W l-S-) 

.P.G4A:: 

CH-A2-l2. 

CARE cr.e. 

~ ~ 
l't) ~ r!, ~ 
(\I in ~, ._,, 
'< ~ '<: "' 

~a~ ~ 

M 2. 

SW7 

G.ND I Z 3 S G. 1 
C l-\ · A8 · 9 G N D 7~ _ _, I r l"P- R..4 - , 

~ - M z-·+ • ______ ___.l=P.R.4.- t___:=====--+1'5 V 

E
-fSll( ro SW7-.S} 

TE 

Cl-I-AS-Ji- / C 1'•Tez-,4 

~--=3-05V c:~=~~: R4 2 
I IK. I ____ ____ __ ../ 

Cf../- A !-/(1, 
I 

COVNTi:R INPl./7 

I MHZ 0UTPI/T 

J I 

2 

SWIO 
4 C J../-A l - 1] 

L----- C f-l-A-1 - 13 

MODE L 7 13 
• CALI< DJIAWH e Y 

FRON T PAN EL~ CHASSIS WIRING 

FIG. 6 -2 

wigfi
Stolen 2 Line Transparent
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C KT. HE I-~. OESCRIP1"10 N T F T STOCK NO. MFR. 

REAR PANE L 

r'I IA Slo-b lo Fuse 1900-0010 Little Fut10 
F LI U oc r'iite r 1055-000I Co r Co m 

,II 50 P in Ribbon Connt!ctor o r 2250-1150 Amphenol 
2 -5 wny .Binding Poat Hed 2200- <JOOI Pomona 

Dlack 2200- 0002 Po mona 
J2 H NC Connector 2 200-7935 K ing& 

J3 9 P in P lUK 2220- 0009 Amphenol 
,14 5 Way Ri ndi ni;:: Post 2200- 0001 Pomona 
J :'.'• ;; Wa y Bind ing Post 2200- 00 01 Pomona 

JG D NC Connecto r 2200- 7935 K ings 
J7 BNC Connector 2200-7935 Ki nj,!s 
JS BNC Connecto r 2200-7~35 K ings 
,J9 DNC Connec tor 2200-7935 Kings 
JlO BNC Connector 2200-7935 Kings 

Cl . 0047 µr ¼: 20% lKV 1005-4749 1:; rie 
CZ • 0047µ ( ¼: 20'.{i IKV 100 5-4749 Erie 

Power Co rd 1950-7239 Belden 

St r a in Hclic f 197i>- 0504 lleyco 

SI S P OT Switch 1800- 1020 Alco 

I 
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JI AUTOMATIC 1,,.0GG;NG OUTPUT 

PIN RN PIN 
I <H-A~-J4-7 2/ C/.1-AS-JZ- 9 4 / CH-AS-✓Z-IZ. 

z <I-I-AS-J4-<d 22 CJ.I-AS-../2-B 42 
.3 0-I-AS-J4- 4 23 01--,4,S.J2-// 43 
4 CJ..1-4.5 -J4-S 24 CI-I-AS-../Z-10 44 
5 C/.I--AS--14- 9 2S 46" 
~ C,t./-AS--./4-8 2'6 O../-A3-3 4~ 
7 0/-AS-J4 ../ / 27 47 
8 0-I-AS-J4-IO 28 48 
9 O./-AS-J3- 7 29 49 
IO O-I-As-J3-6 30 so O1-A.3- IJ 

II OI-AS-J.3-'1- :31 
IZ CI-/--AS-J3-S 32 

/3 Cl-l-.45-J3- 9 33 
/4 C/-I-AS-J3-8 =34 

/5 C 1-/-AS-J 3-I I 35 

I~ CI-I-AS-J3-(0 3tb 

17 C/.1-.45-.JZ- 7 .37 

!B CH--AS...JZ-~ 38 
19 OI-AS-../2-4 39 
20 O/-A.5-.12-5 40 

I 

CH-AS-J2-3 

- - --

,-

) / A 51..0 BLO 
JI {-

A UTOMAr,c_ L,:}G<.tNG OUTPUT 

I -- I Gz 3 1 CZ I I I Cl I I 
I I I •00471 FL/ 1

. 004, 
- - LINE I 

l=ILT(:/2 I 

1s 4'. I 

i ro C H -,/- PRIMARY 
CH-At:.-8 

I J4 J'(e. 

I cxr 5W/ CH-A3-ZJ 
JB J9 J /0 ; I J2. J.3 

0-cH-A&-17 E><r 
J7 - SMl-/z. 

; RF /NPVT ~ OI-A .2-2/ /,VA'.ff S-MHi! LOCAL asc. Al./010 SUB Auao TELEMET1eY I Kl-/7: i .J!.. CI-I-AS--J"l-/4 JS :3 I 
i --0 2 

0--cf-1-43-<o 0-CH-41~ 0 c. H-,1/8 - <f 0- CH-.45 - IC. 
I CI-J-A·l -4 ..£. CI-I-A2-l.3 0-cH-AB--18 l J2. C/-1-,'/ J -/'I-. .E.._ CH-AB-20 ,~ 

i F INT 
j ..._ 

SMHi! r .!i.. G,NO 
I J_ C/..1- AZ·I~ 
i ~ FP-SW7-S . 
~ - - - -
; 
i MODEL 7 13 i . 
f 

i SCALE APP ROVED B Y 
l 011AwN av 

D ATE l1u;v1s1:0 

I REAR PA NEL WI RING ; 

! FIG. 6-3 I D .. AWING NUM■E .. 

t,~00-0010 

wigfi
Stolen 2 Line Transparent
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A I 11 I ll 111. 1111 

4' K I , Ill I•, lll•N( ' ltl l '' l'l llN 

,., 
4 ' V ... , , .. , .. 
f l fl ,., ,., , .. 
4' 10 

◄ ' I I 

1'1.t 

1' A l'At ' I HIil:,! 

C'l:t .'l1,11-' . t~O'l-20'J., 25V. Cer. Disc 
C' l4 .'lµ F . t80',t'-201~·. 25V. Cc-r. Oise 
( 'Ir, .'l11t-' , •tSO't ,-20'l, 25V. Cl'r. Disc 
r 1n .:.!µ.F', 180'{ - 201,L 'l5V. Ccr. Di s c 
l" 17 75p F .1511., I OOV . P olyst ynme 
(" Iii 75pF i5'J , I OOV. Polystyrene 
C.: 19 .2 µ.F. 180'X-20•;,, 25\1, Ccr. Oiac 
C2o 820pF, .i.:/{,. 100V. Po lys tyrene 
('21 
en 
c2:i . 2 µF, 180'k-20'L 2;;v. Ccr . Disc 
C!M 43 p F, ±.G':(,, 100V. Polystyrene 
C2a ~20pF, J..51

~,. 100 V, J>o ly6tynne 
C2G 43 pF, .15'/(_,, 100\1, Polysty rPnt> 
C27 3 0pF . .1,5'L IOOV, Polysty r e ne 
C2 H 820pF, ir,f., JOOV. PolySl}'l'e n c 
C29 4:lpF', ;j;.5'l . IOOV, Po lyst.~•rcm_• 
C 30 113p F .:..G'¼., I OOV, P olyst yr ene 
C31 l OOOpF, J.!>rX,, 100\', Polysty r ene 
C32 ! OOOp t· !,.F>'f,, 100V, P Ol}•S l.)'rcnc 
C:l:1 7501>F .:!:,5'l,, 100v, Po lys l.}'l't!nC 

c:1-1 780fP ..1:.5'i ,, IOOV. Po lys tyr(:nC 
c;ir. 
CJO . 2/l F , +80'1,-ZO'k , 25V, Ccr. Disc 
C37 . 2µ F . +80'k.-20'.-li. 2~V. Ccr. Disc 
C3H 15µ F , 25V, E lectrolytic 
c:w 1011 F , 450\!, Electrolytic 

C 4U 10µ F, 20V. T nnL1lu m 
('41 IOOOpf, .t.5'I., 500\.', Mien 
c,12 5 10pF' . .i511., 500V, Mica 
('4 :l 
c ,14 2201,F • .1.5'.:f . soov. l\·11c :1 
C45 .2µ r. ;801.f,-20'f,, 25\1 , C('r. Disc 

C4 G .2M f', • 80'} - 20'f., 25V, Cer. O;sc 

A 1- IF ROAH O (Co ntinnf>d ) 

C KT. ru ~r. DESC ntP 'l'lON 

HESISTORS (Continue d) 

R7 5 l fl, 5~, 1/ 4\\' 
118 4. 71{ , 5 '}. 1/4W 
H 9 
H 10 5U1:, 5"J,, 1/ 4\\! 

ll l l 5U1, S';{ , t / 4W 
H 12 IK, 5'i ,, 1/ 4\\' 
H l :l l K, 5'!,, 1/4W 
R 14 I K , 511,, l / 4W 
Hl 5 

H l 6 
H l7 
H I ~ I K Va r i.1b lc 
Hl9 5 . GK, 5'i1, I/4W 
H20 
H2 1 IK, 5'.l, , l / 4W 
R22 l K Va r iable 
ll23 :L3K , .,,5•i . l / 4W 
H2 4 I K, .:..5'l,, t /4W 
H'l5 5. 6K, .!.5%, l / 1W 

R2G 5 1n . .L5(I,. I / 4W 
R27 12K, 5%, 1/ 4W 
R28 IOO{) . s•i,, l / 4W 
H29 2. 7K, 5',f,, l / 4W 
H3 0 4 7K, 5%, l/4W 

H:l l 47K. 5r,t, 1/ 4 \ 1,l 
fi32 JOK, 5%, l / 4W 
H3 3 I OK, 5'1, 1/4.W 
H34 2 . 2 K, 5r4 l /4W 
H35 10n. 5'I,, l / 4W 
lt:J !i I K, .1,51'.t.., I / 4\V 
H37 2 . 2 K, 5 1~,. l /4W 

H38 I K, .!.5'%,, t / 4\-V 
R39 l K Variable 
R40 3 . 3K , 5 'k,, 1/4W 
R41 4700, 5'J ,, l/4W 
ll42 8.2K, 51l ., I/4W 

H4:l l K Var ia ble 
H44 5. GK , .!.5%, l / 4W 
H4 5 l OK, 5';{., l /4W 
ll46 ;;600 . 5 '1,, I/ 4W 
H47 560Q , 5''.(., l / 4W 
ll48 15K, 5".t, 1/ 4 \1,l 
B.49 IOK, 5 ',l,. I / 4W 

TFT STOCK NO. 

10 05- 2029 
1005- 2029 
1005- 2029 
1005-2029 

]005-2029 

1005-202!.I 

1005- 2029 
1005- 2029 
10 10-0250 
10 10- 0100 

1008-0100 
1001-0102 
1001- 05 11 

1001-0221 
1oor,-2029 

1005 -2029 

T F'T ST OCK NO. 

I 065- 0D5 l 
I 065-4 70 I 

106G-005 J 

1065 -005 1 
1065- 1001 
1065- 1001 
I 065 - 1001 

1065 - 5GO I 

10G5-1001 

1065-3301 
1065- 1001 
106f, - 560I 

IO(i5-005 1 
I 065-1202 
1065-0100 
1065-270 1 
1065 - 4702 

1065- 4702 
I 065- 1002 
1065 -1002 
IOG5 - 2201 
JO(ifi- 0010 
t 065- t 001 
1- 65- 220 1 

I 065- 100 1 

1Ofi5 - 330 1 
1065- 0470 
l 065-820 I 

1065- 560 1 
1065- 1002 
1065- 0560 
1065-05GU 
1065-1502 
lOG5 - I 002 

I\H'H, 

E r i~ 
E 1•i , , 

Eric 
E t·ic 
C<'nlra lab 
Centr a la h 
Erir' 
Ccntrabb 

Er ic 
Cl'nLr :1 lab 
CcnLr-c1 lah 
C <.' lllr:tlflb 
C l·ntr~1\ab 
Ccntralab 
Cent r a lal) 
Ccnt r:"tlab 
Cl·ntralab 
Ccnt ralah 
CC'nt ralab 

Ccntralab 

Er ic 
E ri1• 
Spr nguc
Spragul' 

Sprague 
E l mC'nco 
Elmcnco 

E l mC'nco 
Erh.' 

J•: ri,• 

MFH. 

/\Oil 

AUH 
ABfl 
ABH 
A BH 

AHH 

1\UH 

ABR 
AOll 
AHH 

ABH 
A13H 
ADH 
AIJR 
AilH 

AIJH 
ADU 
AHH 
ABH 
ABH 
Arm 
ABH 

A DH 

ABfi 
ADH 
AUH 

ADH 
ABll: 
A OH 
A lm 
A lm 
ABl-l 

A I ~ I I' BO1\ll l> (Cont1111wd) 

<.'KT. lo-'!'. 

( '4 7 
C4 1~ 
C49 
('50 

CGU 
CG l 
CG2 
('63 
C H1 

cr.r, 
C li(i 
C67 
C68 
(" t)!) 

C70 
C7 l 
('j2 

Ci3 
C74 

C75 
c11; 
( '77 
C78 
C7S 
C liO 

H I 
1{2 
It:! 
lt4 
aa 

RH 

LJf-:Sf'H I 1r J"JON 

CAPl\l'I'r OHS (Coot 1nt1L-d) 

7.)0p F . .!.,.)' \ ., I OQV , 11o l~•t,t}'l'L' n(: 

750pF, .:1.~' L toov. Polrstyrcnc 
l()()Op F, .:;.J' {,, IOOV, Po lysl\'l't' ne 
IOOOp}'. ~5' .i' , 100v. l'olyst}fCllC 

11'.lpr-', .L.;i' j ,, IOOV , 1,olys.tyr1•nc' 
1:1pF, .15./, 100\1, Polyslyn·m· 
H2Upf', .L5'~;. I 04W , l 'ol_vsty r cn(: 
:HlpF, .L5'-f,, IOOV. P nlystyr l'nt' 
,l:1111,· . .1-""' !,, 100\1 , Po ly~tyr t ' n<' 
820p F , ±!i';., IOOV, l ' ol}'Sl.yr cnl' 
4,'lpF, .!.GJ , IOOV, Po lyst_H~•nt• 
!:120pF, .L5'i ,, I OOV , Poly~ty n •nl' 
. 2 µ F , • l:10 ·; - 20' ';., 2:;v . c,•r. Di::,c 

2~,_, F , ,_; V , E l1•c t r o lvlic 
I 500pr , .!..!i'l . 500\!. \ tica 
LOµ F, :rnv, Tanta lum 
l ,')µ F, !!;)V, Electrolyt ic 
IOµ j,', 20\1, Tantal um 

• 2 µ F . s u•_:;,-20•; , :!:'.iV , <:er . l>1sc 
. 2 J.II-' , , -so'J,-20',. 2:iV , Crr . Disc 
. 2P F , t 80 '{,-20'{. 2 5\ ' , Ct•r . D isc 
. 2i1 1-· , 180'¼,- .!0'r . 25\1 , C<·r. Disc
. 2µ 1-', , Mo'r- 201: , 2:iV. <'1•1· . Disc 

.2 1, r , • l'W'J -20'{, ?..>V, Ccr. Disc 
, 2µ } ' , ! XO' i -20' ; , 2::.v, C,c,r, l)lsc 
] OOOµF, _5';, .100\1 . Mic a 
hl01) F , ..:.5'.i'.. 5."'i\l. ~lie a 
15 I-' F, 25V, F. l1·ctrol~·tic 

. 'lµ F , 1X01°'{,- 'lO~, 25V, Ccr. l)j ~c 
15µ F. 25V, t:lt--ctrol~·tic 
GKOOp F , ,:.5'i , :ioov. MJc:1 
15()0p l' , .151

~, . 500\! , Mic 11 
. 20µ F, •~0'~.- 20' ,',, 25\', Ct• t·. Oise 
l j µ I•' , 25 \', l-:1,~c;lruly l i l' 

HESISTOHS 

120n . fi't 1;.rn: 
5 1!1 . S',i,, 1/ 4W 
:l:IK. :1·;_ 1/ 4\\1 

A I - IF DOA RD (Cont inue d ) 

CKT. IHff. 

H50 
rl.51 

n,;2 
lh i:l 
H64 
HG~ 
IH3f> 

HG7 
HGl-l 
HG9 
H70 
H 71 
H72 
H73 
H74 
H7!i 
fl71i 

Hi7 n,. 
H79 
H80 
H 8 1 

I. I ,., 
L,3 
IA 
L5 

IJESCHI PTlON 

n EHJSTO n :-, (Co11linm·d) 

IOK. 5r; ,, 1/ -1\V 
:J. 9K. 5r( , 1/ -IW 

I K, !:,'L 1/ 4\\ ' 
I K .. fi\. 1/ 4 \V 
;J:lK, 5'1. l / 4W 
1 K, 511, 1/4\V 
12K, 5'J, 1/4W 

:JliOU, :i't , 1/ 4\\' 
15K, 'i' {., 1/ <IW 
27K 5'1 1/ 1\\-' 
27K: :J' i.: 1/ 4 W 
IK, !",' ) .. l / 4W 

10 h., 5 'i., 1/41,\! 
7f)H, !>1.r., 1 /•IW 
220Q, !:o',I,, 1/ 4\\' 
It-. Variabl(• 
100 Vari.1l>k 

270 , G'l,, 1/ 4W 
33K , r.1X,, 1/ -IW 
220 , 5'1. I / 4W 
100 Varia Ok 
2 . 2K, ;j(}",, 1/ -1\\' 
LOK, J ')',, 1/ •I W 
IOK .. >'~·., 1/ 4\V 
2.2K, 5'.L 1/ 4 \\' 
:l, ;1K, :i'M,, 1/ 4\1./ 
IK, J.51

/ , l / 4W 

15 K, 5 '.,'., l /4W 
I. 2K, 5•;., t / 4W 
15K, !i'J, l /4W 
l !iK , :l1.j , 1/ 4W 
;_!J K, 5r_; , l / 4 W 

3 .31\, 5"'·• l / 4 W 
tOO Q:, 5',t,. 1/.'IW 
!H;OK 
l i, ttK 

COI I.S 

l" VT STOC h: NO. 

!005- 202!) 

IOI 0- 0250 
100 1-0152 
1008-0100 
1010-0 150 
100:::1-0100 

lfl0:'l-'l029 
IOflS-20l 9 
1005-20:.:!9 
10 0~- :W:.!9 
1005- 2029 

100j-202U 
1 OOi:1- 2029 
100 1- 0102 
100 1- 0 18 1 
10 10- 0250 

1005- :.!02!1 
\O I0-0 1!)() 
100 I-Oti82 
100 1-0 1!12 
IOOfi-2029 
lOI0-0150 

1065- 0 120 
I06G,- 00G,J 
1065-:1302 

10ti5-:l302 

TFT STOCK NO. 

I 04i5-1 OO'l 
1 fH;!)-:l!lOI 

\()(j(l- ! 001 
IOfifi- 1001 
101;:,-:1301 
10f.i5- IOOI 
I 0G5- l202 

IOG5- 0!'ifi0 
IOG5- 1502 
IOC>5- 2i02 
I m;5- 2702 
I IH;C,- 100 1 

I O10!:o- I 002 
1065- 0(175 
10ii5-022 U 

1065- 027 0 
1065- :J:IO I 
10(i5-0220 

!Ot:.5- 220 I 
I OG5- 1002 
IOf.5- 1002 
IOrir,- 2 20 1 
1065-3:to l 
IOfiG- 100 1 

10liJ - 150t 
10G5- 1201 
IOG ~- 1.lO'l 
10li5- 1502 
10G5- :t:IO'l 

IU1i5-13QI 
l tlliC.- 0 100 

15:Ul- 0 150 
1 a:rn-u 1 :-,o 

Cl·ntr:1l 11b 
C'-'nlralab 
Ct.'ntralab 
C(•n tt·:1lab 

C(•ntralab 
C(•n lralab 
Ccnlr n lab 
Ccntri, lab 
Ccn trala b 
Ccnti·ala b 
Ct•nt r a la b 
Ci.;r: lralah 
F.1'1(.' 

Sprag ue 
El mcnco 
Spr ague 
Sprague 
Sp r rig u<' 

E r iP 
r:1•it• 
1::lmcnc o 
Elmcnco 
Spr:1guf> 

El'il' 
Spm gu c_> 
E lmc ncQ 
t: l mcnco 

l)prnguc 

Alil{ 
,., nn 
AHH 

AOH 

MFH. 

J\I IB 
ABH 

A l m 
AB H 
AIIH 
AUit 
AIJU 

A IIH 
,\HH 

A IIH 
ARH 

J\1)1( 

Arm 
A Ult 

AUit 
ABH 
ABH 

ABH 
Ann 
AO!t 
AHH 
AUit 
AUH 

AHH 
ABU 
ABH 
ABH 
ABll 

ABH 
AUil 

l )clf'V:\ ll 

Dckv. n 

At-IF BOARD 

C KT . REF. 

LG 
1.7 
LS 
L 9 
L IO 
L il 
L l2 
L l3 
L l4 

L 15 
L l ii 
Ll7 
L l 8 
l,19 

L20 
L2 l 
L22 
L23 
L24 

L25 
L26 

CHI 
cn2 
Cfi3 
CR4 
CH5 

Z 1 
Z2 
7,3 
Z4 
'l.5 
ZG 
7.7 
Z8 
'l. 9 
Z I O 

(Con llnued) 

DESCHl l>TIO N 

COI LS (Continued) 

Variable• 

15 µ )I 

Va r ir1blc 
Vu r ialilc 
Variable 

l !Jµl-1 
Hi f,LH 

Var iable 
Vnririblc 
Va riabh · 
Var iabh· 
15µ11 

15Jlll 
15PH 
15µH 
15JJ. H 
Variablt! 

Va r iable 
1511II 

DIODES 

JN,tn5 
1-1 P2800 
111'2800 
IN30G4 
IN47:t5 

I NTr:l; HATE D CIHCUJ'l '8 

UA7 9fi 
L M 301 
L.M74 1C 
I.M 74 1C 
LM74 1C 
LM741C 
LM74 1C 
LM 7,I IC 
l.\\'17 10 
SP380 
IO Pin Spt'f•ad c1' 
14 Pin IC Socket8 

T f-'T STOCK NO. 

1:.:rn-0150 
1550-0455 
1 G50-IH 55 
I !",50 - 0455 

1:iH)- 0 150 
15:!0- 0 150 

1 :::.so-o,ff,5 
l 550- 0455 
1550- 045:-, 
l 5 50- 0,15;) 
1530-0150 

15:10- 0150 
15:W- 0 150 
15'.t0-01 50 
I 5:.I0- 0 150 

lG:l0- 0 1~0 

1283-:ln 5 
IZt,2- 2800 
IZ82- 2800 
12 81- :IUli'l 
I i 53 -47:15 

l 100-07!1fi 
I 100- o:w I 
11 00- U'i..J I 
1 100- 074 1 
1 100- 074 I 
1100- 074 1 
1100- 117•1 I 
1100- 074 1 
11 00-07 10 
l l00-U3 )S0 
1150-00 10 
2250- 101<1 

MFH. 

J_)(_•lcvan 

Dc lt>\' :tn 
D<>levan 

Ue lcv:m 
Ot•IC\' :Ul 
DclC\'311 
Dc lt·vnn 

National 
11.1' , 
H, I'. 
1'":1ircl11ld 
Nationa l 

N..i lio:u1J 
N:ition/11 
N:1tio11al 
N:1t i onal 
Na t1on:1l 
N:H 1on:il 
N:1l1ona l 
Nation:t l 
Nationa l 
~1gnetics 

Circuit 
As:;cmLly 

22 

A I - IF BOA HU (Continued) 

C KT . HEF . DESCH.I PTION l'F'J' s·1·ocK NO . 

T RANS IST OHS 

Ql 
Q 2 
,13 2N3:JG5 1271 - 3 ,'lG!') National 
(/4 2Nf►0~9 1271 - 50tj9 Fair c hild 
Q5 2N:J f,65 127 1- :15G5 Nntlunal 
Q G 2 N:t 5G7 1271 -3567 Nntlu nal 

Q7 2N35f,!'i 1271-S56G Nat lorutl 
Q 8 2 N3565 1271- 35(15 National 
QO 2N:t565 1211-:,sGa Nn tlonal 

Oritcatly Coup led ls:ol;1t or P'l'-001 Allen-Uradltiy 

P.C . lloard 

1 F Ooa rd 1600- 0030 
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RP-JZ. 
R,t:/NPur 

-ISV 

L -0. !NPt..lT .z V 

CMS A 3·2. 
2 

-t-lSV IZ 

Ad;C 

~P- SWIO·I 
JZP' - ..J3 · D 

J:"P - S Wl0 · 4 
A4;C. VO L-T"AC:.'1 

/ 4 

z -~ Vo L.TS" w,m 
~ 1'4NAL. JN PLl r / 7 

,=-p .~,- ::... Au,C 18 
,;ur,=- VO LTA',41, 

RP-..J8 
AUDIO IJUT'PU, $ 

C ~ ·AtJ • :l. 8 
A uu ,o o,1r/#'lt1r 

,:-P • .,S,-J/ . 4 
ALJVIO our ,:, 

rroaz C A,U,,,.-Q /0 
L6vt!iL ~trr61C 
0 "5Z)~--
l o le 0,1.ff/tM-1 7 

/il',41,,. 
S,:.o 

~47 
.:r~ 

CR-4 "2r.3 
;o,~4 /0 

CS C 7 

:rr a 

'-

" 
.e46 
ISK 

~ 

Al 
/20 

(A. 

IS 

IZ7o 
100 

C /3 

120 

C 4-I 
Jo oop'J!. 

£7Z 
10/< 

Z l 

U A79<D 

.,..-,:,.1,,. 

I C£ 
\ UPA. 

1
ze oo 

I 
1 

li!.54 

Z',2t 

• 

LZI. 

1.5 

u .. 

czo 
gu,p,; 
z,:; 

CII:/ 
1s- czq 

5,1,,./<:. p,: 4-!Spi= 
L-- t--- ... - -0--~~=---i 

IZ3~ 
/ 0 

t:/<1- c,s '"'- I·zo 
~ " 

C:. G.B 

. Zo 

C 71 

lZo 

NOl t;S; 11-...: L f s :,. OT II EHWIS l: S PE CI Fit:11 -
!. Hf ~ISTOUS ·· /ALtr t:~ ! ~ OIH,I S 1:.(( , 1/1 WA l ' l. 
~: . CA P/\C J'l'On s . V A. Ll11-:~· rn M ICROF AHAOS , 
3 . f~J, I CT OH:-- \ A J ,l, ,~'- I ~ MJC liOIU-,N HYS t :u~f 
1 . • 1: AC"( .JHY S►. I l-"lT \.A l.t:L. T Y PICA i. ", A tUJ-: S ilOWN, 

\ 0 1.T J\C t:S I\ H t-. UC' CONLIITIO S ~ . 

<.B 
I!, 

C 57 
C 5 4- ~pl" 
.30,,~ 2" 

C S°' 
.zo 

lc45' 
/0/C 

CSI 

-43,,.=-~-- - .--1 11-<,---,.---1>---11--- ..... -➔-....i.--.--,(", __ .... ___, 
CS2 c S:'J l/1,,143113~ pF PF 

2"4 Z".l 

LZI 

R E\° JSION S 

LT ,I 

A 

P·/ 

+sv ro s_ P_3_B_o ____ r,1,s,,,..,~-------l 
1
, -,,sv 

IZ'81 

331:: 

IZ'C..O 
2 7K. 

C 77 J?(o/ 

L'ZS '1100 JI:_ 

c~ 
/So<> 

,,_ __ ._~ PF 

,:p.SW4 •7 

450 KH~ -2 WAvt!: 
o n> -1.i'.SV' 

N,C, 

APNIOVllD ■Y 

MODEt... 7/3 

DttAWN ■T D, . 

wigfi
Stolen 2 Line Transparent
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AZ-PEAK FLASIIEH &M FTF.llAM P 

CKT. REF U t:SC Ill PTION TFT STUCK NO. M FR. 

CAPACITO HS 

Cl .OSMF , t80%-20%, 25V, C ER. Oise 1005-5039 E rie 
C2 l5 MF, 25 V, Electrolytic 1010- 0150 Sprab'UC 
c.;3 IOOMF, 15V, Elec t r olytic IOI0-0101 Spr:lb"UC 
(;4 
C5 15 MF, 25V, Elec trolytic 1010-0150 Spr ague 

co l5MF 25V, t lectrolytJc 1010-0150 Sprague 
C7 250MF, 6V, F.lt!Clrolytic 1010-0251 Sprague 
co IOOMF, !5V, Electrolytic 1010-0101 Sprag.ie 
C9 IM F , 25V, Electrolytic IOI0-0010 Sprague 
CIO I00MF, 15V, Jo~loct rolytic IOIO-OIOl Sprague 

CII I00M F, 15V , Elect rolytic 1010-0101 Spril).,'1.ie 
c,;12 15 MF, 25V, Electrolytic IOI0-0150 Sprague 
Cl3 ISMF, 25V. Electroly tic 1010-0150 Sprague 
Cl4 250MF, GV, J-.; lectrolytic 1010-(£51 Sprague 
C IS IOOMF, 15V, t,;te c trolytic 1010-0IOI Sprague 
C l6 S20PF , t 5%, 500V, Mice 1001-0821 £lmenco 
Cl7 IO0M F, 15 V , t:leclrolytic l010-0IOI Sp rague 

CIO 15PF, 1,5%, SOO V, Mica 1001-0150 i::lrnenco 
C..:19 .Ol5MF, 10%, lOOV, Rily 1002- 1539 SprSf,,'UC 
czo IOOMF, 15V, Jo~lec t rolytic 1010 - 0101 Sprab'UC 
t.:21 6.8MJo~, 10%, 20\1, Tnnt. 1008- 0068 K emct 
t.:22 5.GMF, 10%, 20 \1, Tnnl. 1008-0056 Kemct 
C2:1 5. GMF, 10%, 20V, Tant. IO0R-00SG K cmct 

C24 
C25 . 2 M f', +80-20%, 25 \I , Car. Disc 1005-:.!D29 t.:rie 
C26 . 0 51'U' , +80-20%, 25V, Cer. Olsc 1005-5039 1:-; ric 
C27 25MF , 20V, Electrolytic lOI0-0250 Spnl.b"UC 
C28 10.MF, 20 V, Tant. 1008- 0100 Sprague 
C29 IOMF, 20V, Ta nt. 1008-0100 Sp rab"ue 
C30 . OSM F, +80%-20%, 25V, Cer. Disc 1005-5039 F:rie 
C31 51PF, t.5%, S00V, Mica 1001- 0510 Elmc nco 

RESl STORs 

lll 
ll2 6. 8K, -t:5%, l/ 4W l065-6801 ABH 
R3 500-U, Variable 1069-0500 Beckman 
R4 6. 8K, t5%, l/4W 1065-6801 ABR 
n 5 560Q, >5%, l/4W 1065- 0560 ABR 
ll6 2. 2 K, :t.5%, l/4W 1065-2201 ABR 
n, 6. 8K, -t:5%, l/ 4W 1065- 6801 ABR 
RS 12K, 1:5% l/4W 1065-1202 ABH 
ll9 2. 2K, ±5%, l/4W 1065- 2201 ADR 
lUO 1.5K, • 1%, I/SW 1065- 1501 ABH 

A2-Pt-:AK F LAS IIEll & METER A.MP 1.-..nnt' d . l 

C t-: T . HE F'. DESCRI i'TION 

RESISTORS (cont muec.l) 

HII \Son, ..t.S't , l/ 4W 
Rl2 lOK, I'.!,, I/SW 
Rl3 
lU4 IOK, 1%, l/8W 
H.15 !OK, 5'.t, l / 4W 

HIG 
Rl7 IOK, 1%, I/ SW 
Rl 8 !OK, 1%, l/SW 
1U9 560t2, t-5%, l/4W 
n:.w !OK 

n21 2 . 2 K, t-5%, l/ 4W 
H22 6 . BK, 15%, l/ 4W 
R23 150!1, ±5%, I/ 4W 
1{24 IOOK, 1.5%. l/4W 
ll25 lOOK, .t.5%, l/4W 
R26 6. 8K, %5%, l/4W 
R27 G. SK, %5{,t , l/4W 
R28 
H.29 24. 3 K, I'!,, 1/ RW 

R30 3~0K, .15%, l/4W 
R31 \K , .t51,, l/4W 
H32 :l9K, t.51, l/4W 
H3:l 12K, 1:5%, l/ 4W 
H34 12 K, L51

.{, 1 /◄W 

H35 4 . 7 K, r5'.fi, l / 4W 
1\36 l J\l£G tl0%, 1/4W 
R37 IOK, .t5%, l / 4 W 
ll38 I . 2 K, 15'{., l/ 4W 
R39 IOO!'t, ±5%, l/4W 
R4 0 I. 2K, ±5%. l / 4W 
H41 470S2, t 5%, l/4W 
H4 2 2. 2K, .1.5%0 l / 4W 

H43 I0O!l, t5%, l / ,1W 
R44 IK, .151.t, l/4W 

COIi.ti 

LI 15µH, 1.l01l 
L2 2-:l/2 T Choke 
L3 100µ ll, .tlO'l 
L4 1511 II, 1.10% 
L5 I0011 H, .tlO':t 
Lfj JOOµ II , t-101,t 

A2- PEAK FLASH Jo:R & METEH AMP (Cootinut.-d► 

C KT. REF. 

C Hl 
C.:: H2 

Z l 
Z2 
Z3 
Z4 
7.5 
Z6 

Z? 
ZS 
7.9 
Z l O 
Zll 

Q I 
Q2 
Q3 
Q4 

DIODtS 

JIPA2800 

DLSCll.l PTJON 

INTF.G RAT ED c mcuJTs 

LM710 
SP380 
S N7400 
~N75<1 5 l 
LM74.IC 
LM74 IC 

LM? IO 
LM741C 
LM301,\ 
LM74.IC 
SN7413 

°l'HANSJSTORS 

2 N35G3 
11858 
2N35C.3 
2N3563 

P. C . Boards 

Pr-ak F lashf'r Boa rd 

14 P i ll IC Sex;k1•t 
Hi P in IC Sock~t 

T F'T STOCK NO. Jl.·1FH. 

1065 -0150 ADI! 
l061-1002 Ua l e 

1061- 1002 Dale 
l065-1002 Dale 

1061-1002 Dale 
l061-I002 Dalo 
1065-0S(iO AHH 
l065-1002 ABH 

1065 - 2201 ABll 
1065 -6801 ABH 
1065-0150 ADR 
1065-1003 ADR 
1065- 1003 ABR 
I065- 61rnt AllH 
1065-6801 ABR 

1061-2432 Dale 

106 5- 3903 ABR 
1065-1001 A 1Ht 
1065- J9<)7 AllH 
IOGS- 1202 AllH 
1065-1202 AllH 

1065-1701 A.Bil 
1066- 1004 AB ll 
1066-1002 AB R 

C IO Cl 80 
~Fl~ G ~ ~ 
0 0 El ~W ~ ~ 
YO@ El - @c) ® 

C l4 

1065-1201 ABR 
1065-0100 AB H 
1065-1201 ABR 
1065-0HO ADli 
1065-2201 AB ll 

1005- 0100 AHH 
1065-1001 AHH 

.___z_,_, __ ~I -EJ-

1530-0150 Delc-v::tn 
1530- 0025 
1530-0101 Ocl ~v:rn 

Del evan 
1530- 0101 DelcvtUl 
1530-0101 Uel ovan ~T -Gil- @ ~ $~ $ ~ 

~ ~ 
2Z 

l T r STOCK NO. MFR, 

1282- 2800 ll-P 

1100- 0710 Nntlonnl 
1100-0:1130 Signc tic tJ 
11 00-7400 Nntlona l 
1100- 755 1 Natlonn l 
1100-074 1 Na tionr1l 
11 00-0741 Nat lonn l 

1100- 0710 Nnlionnt 
1100- 0741 National 
I 100-0301 Nnl lona l 
1100- 01,11 National 
1 100- 74 13 T l 

127 1 :15G:J National 
127 L- 005fS T l 
127 1- 3563 Nntlonal 
127 1-3563 N:-ttional 

1600- 0029 

2250- 10 1<1 
2250 - IOl G 
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I 

I 
I 

+5¥ 

-fl5V 

AUOIO /,vPl.,)T 
,-p_ s-., ,- .s 
,; . .s-vpp 

@100 ¾ A,/OOULAT'ION 

-15V 

-PVT PEAK. FZ.ASI-/Ee /M 
,c~ F.P- l<'l-2 
.5.o VPI' 

@ too% MQOvLAno /V 

1-1 - AUDIO ro ± s w,rc 
,c_ P. - ~3 -Go 

' ·'- 111'1'~ lc::t,% MOPUUI -now 

+ A UDIO n:;) ± .5WITV-I 
F.P.-~-7 

_.I, lll',,..~IOP1'MOOU/.,4no A/ 

-+15V 

MODUlAT/()/1/ Ml:TER. 
INPl/T FF!-R2-2 

3.OY-¥*too¼M0OULAr 

-
f±1r_ 

A UXILIARY COUN 
/NPUT,cRONI 
F.P.- 55-7 

TER 

P/o 
Pl 

5 

LI 
IS 

L Z 
21,7 

j_ Cl 

J;05 

p/o 

. 1 5 V 
"':.L CZ 

Pl 
.-.1\r: 

J'5 

I' l't~ -

I 
~ C.3 

-

z 

17 

6 

7 

lb 

/9 ,.._ 

18 

~ 

I 

3 

Ly 

K5 
.I_ 100 

" 
5(,0 ✓?8 

-l-5 V 
< 
< 121: 

'<II 

R? 71,.--:,: 3 
~ C5 - 150 

< 1<2 
< ~ . SK 

.. 

r -1 15 < G, i!B >J?9 ~ C9 
V // I 

>ri,.8K 

R'f'f 11 
74-/ 

LL < E!. ZK I 1. 0 

1• 4 I'-,._ II C 7 -w 4 -......::... 
V 250 ' 7 

if I 9 ~ 3 ~ 
R3 3 710 5 "i!'Z ~I- 7 22 ' 2-.3 3 , . 

500 
'> lk(, i :SP38O - .:>P=>'B~~ - -- - -· - - /0 

L3 740C ?S'f5"/ 
100 -:--~ C,;, R4, 

WlK '> ~ R~ :i_ 15 
? Z.2K -:--

15 

I i 12. 
I 

RIZ 
> /0 

L4 

~ 

l 

tlJ 
. .. 

fi!/8 
vv 
J::19 

/OK. 5i,O 10/a 
,e14- AAA 

/OK 

I 
V V 

/°lo (!· 
• A 2 ['::--..._ 7 

I 
V 

ZG" " 3 74 / 
. A A 

li'IS- •l .:.---, 4-
'> li?Z O 

/OK I CIO 
'> /OK 

/00 

3~7 0 -
z.,, G, 

2 74-1 

I , e---- 4-
vAv· 

/i?t1 
10 
/¾ 1<24· 

l /00/t > > 

'( 
CIS" 
/00 

;;,~;) 
l Cl/ 

f100 
-=-

L5 
10:3.. 

) l<4Z •j_ CZ7 ..L c30 < li?3,;, ;_, R.41 

I"'s I.-05 > <'-2K , 91 -4/ < / 0 0 < 470 
I "j t:::::tf ~ I I ;IP 

Q.2 
TIS se, 1+13 
,. a. C29 Q3 Q,d-

" ~ 10 2N 3 5t3 2 N35 i, 3 

czs Iv) 0. 2 '>Ii!:¼ ~( 
') IM£6 + '> R3e\ hi, 
± ·> R.!J7 

> !OK '> 1.2K , R40 -=-
± ~ I .Z,k; 

< 
L ~ 
100 

±c·U, - ~ C28 
.05 .:E 10 

-=-

-L-- ca 
,x100 

k'IO 
1. 5K 

- l o/o 
+J_ Cl2 

T 15 = RZ-8 
-f5V I SO 

·vvv 
R 22 

<;, t,.BK 

0 
C/4- > _ 2_ I/ 2:!,0 

RIC. 
27 

IK ~ , ~ 4 
710 9 ' " zz t-t I~ ,z ~z 12 " G, 5 

~ ~G, 
13 i?.3 

C31 c!>P380 SP=190 
7 J.4 

-= 
~ 7400 7:S4SI 

ez1 ~ C l.3 -
Z.2K • 5 ·I IS * c19 * R 30 

.o,s .390K. ~ 

rl( . . 
v v -'-

-
R29 

~ 
_2''1:,3,~ 

2 N~5C,3 f v ~ 
IZ.2 7 C3;t :~► C/7 (p.81< :SI C. 20 

czz 
100 I ()/o p,= I 

100 CIZZ 
* 5 ,1,4/! 

2 7 /SpF " 
_L C/(,,¾ R.2o,, 

:Z9 !, 
HPA2800 

3 ~ 7 l ~ L " . 
3 

301 + T r 

1 820 C,./JK v + S R3! l cz1 > i:?32 ~ 10 I, 

- pf .L 
v vv 

;, IK 16.8 >39K 2 ~ 
/?33 

7 -=--'If ½ r - 4--± 
IZK 

-=- R.34 
I Z K 

A 

~~ ,,_ R35 

R4? ?•PK 

/00 
.. C23 > 

5. C, 
V 

-'-

-
~ -g3Jc2z_ 

c l
7
~) .!c, 

4.* FAC:rOt<!Y sELEcr 1/ALVt=(rYP. VALU= Sh'Oi,V,1\/) 

3. /NDUC ra..e i/,4L (/£ S /N ,M 1c·,co1--11:N/?'/-S j :f- /0 '.;1/, 
2. CAl"'Ac1ro,€. vALUES IN M ICROF.AeAOS. 

I. Rl:35/SToe VALUE S I f.I OHMS; 1/4 N .5%. I 

I 
I 

: 
~ 

5.c.t -t'"z.z .... f 
f • J.. {L v >t-;;_j,fa. 

IJOTE.5;U/..ILES.S 077-/ER.WI...St= SPECIFIED= 
1/--80.,,.._ :... ( e~¥ k llhe.k"' 

/4 

13 

I~ 

22 

2.1 

2.0 

4 

'--

) 

TO THUMBWI-IEEL swm::i-lES 
F.P. -swe-"' 
2.3e ro -!- o VoL r.s 

...;..:;;V 

r o -100% PcA K. LAMP ~ I 
F'.P. - cez-1 . 

r o REMOTE R EACXJUT A'INEL 
RP-✓.3 - J 

Ci-l-AS-J /-9 (£.°"1,: /'UL.SI! w,-;6N 

-100 o/, MOOtJL;> ,te,N) 

FKl:JM THUMBWHEEL SW/T'Ci-11!:S 

F.P.-514,11-A 
::J.31 VOL-TS OC 

-+SV 

TO PEA K FLASHER i I 
F. P.- C R./-1 

TO REMOTE. REAOovr P A tVliiL 
R.P.fJ3 - C 

C.il--A8-/S-

T O REMOTE: READOUT PANEL 
RP-J3 -A 

FRONT PANEl..
r,./UM~W>-ll=EL 
:sw1 rc!-I 

ro M ODU/..AT/0/\/ M !:TER. 

F.P. - MJ-(+1 ~ 
A U X ILIAl<?Y COUNTER 
.C.P.- 55-'1:> 
Sc;>UAtli!.E. WA Ve 
L OG,IG LEVEI.S 

OUTPU T 

MODEL 7 13 

PEAi< F L A:5 HE/i' f M E TER A MIP/'42) 

----f,,u,0/-0047 E 

wigfi
Stolen 2 Line Transparent
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A-3 L. 0. OOARD A3-L,O, ROAH.D 

CKT. tu-: r·. DESCIU PTlON T FT STOCK NO. M l-'I {. CK r. ru; t-·. DESCflIPTION TFT S'l'OC,:K NO, MF'll. 

CAPAC ITOllS 1u;s1sTtJH.8 ccont'd. ) 

Cl 10µ F, 20V, Tnnt. 10-08 -0100 Spr ll..,'UC R3 IOOK, 5%, l/ 4W 1065-\003 ABR 
C2 .05µF, +80%-20'.t • .!5V, Cer, U isc 1005-5039 l'. n 1c R4 471Jl, 5%, 1/4\\o" IOGS-0470 ABR 
C3 . 05µF, •80':t-2(Yl, 25V, <;er. Disc l005-5039 Eric H5 IOOS1 , 5%, l/4W 1065- 0100 AOH 
C 4 5GPF', ±5%, r,oov, Mic a IOOl-0560 Elmcnco HG IOK, 5%. l/ 4W 1065 - 1002 AH H 
C5 l500PI-"', -t.5%, 500V, Mica 1001-0152 Elmc nco ll7 I. 8 K, j{., J/ IW 1065-1801 ABH 

118 15K, j !ft, l/4W IOGS-1502 Al:Ht 
C6 .05µF, • 80%-20\i;, 25V, Cer. Uisc 1005-fi0:J9 Eric H9 47~1. 5%, 1/<IW lOGS-0470 ABH 
C7 . 05µ:F , •80%-20%. 25V, Cer. Di:;c 1005-5039 1-~r ic ,uo 4. 7K, 5({,, l/ 4W lOGr,-4701 .1:\BH 
cs lOµF , 20V, Tant. l008 -0IOO Spr:iguc Hll 10n , 5%, l/4W 1065-0010 AllH 
C9 .05µF. +80%-20%, 25V, <;er. Oise 1005-5039 l~r lc Hl 2 150Q, s'k, l/•IW lOG5-0l50 AHH 
ClO .OSµF, , sor.t,-20%, 25V, Cer. Disc 1005-5039 Eric IU3 IO0S2, 5%, l / 4W 1065-0100 ABH 
Cll 2000P~', +5%, 500\', Mica lOOl-0202 El mcnco H.14 (i. 8K, 5%, l/ 4W IOG5-G801 ABH 
Cl2 .05µ f', • 80%-20%, i5v, Ccr . Oise l005-5039 Eric Hl5 220P., 5%, l/ 4W 1065-0:!20 ABH 
C l3 .05µf' , • 80%-20'/L, 25 V, t:t::r . Oise 1005-5039 J-;n,:: llW 3. 3K, 5\l, l/4W 1065-J30l ABfi 
C \4 IOµ F, 20V, Tant. 1008-UIOO Spral-("UC Hl7 I00\1, 5%, l/4W 1065- 0\00 AHH 
Cl5 . 05µF, • 80it-20%, 2sv, Ccr. Uisc 1005 - 5039 t,;ric Rl8 IK, 5',t , l/4W 1065-lOOI ABH 
(' lfj 1500Pf', .±.5%. 500V, Mica 1001-0152 El mcnco H1 9 2. 2K, 5%, l/4W 10(;5- 2201 AI\H 
Cl7 .05µF, ~ao%-20%, 25V, Cer Di:sc 1005- 5039 Ene R20 IOOQ, 5%, 1/ 4.W 1065-0100 AOH. 
CIH IOµ r, 20v, rant. 1008-0100 Spra1-:uc 

ll21 820H, 5%, I/ 4W 
C l9 .05µ F , •80'.E,-:.WlJ, 25V, Ccr. Oise !005-5039 t~ ric n.2 2 I. SK, 5%, l/4W 106H801 AUH 
C20 IO PF, t5%. 500V, Mict~ 1001-IJlOO ~ lmenco 1t2:1 :l9011, 5'Xi, 1/4W 106 )-0390 ADH 
C 21 IOµF , 20V, Tant. 1008-0100 S,•rn1-:uc H24 1000, 5't, l / 4W 106:)-0100 ABH 
C22 IOPF, 1-5%, !".OOV, Mica lOOI-Ul OO t-~lm e nco H25 47K, 5%, l/-1W 1065-4702 ABH 
C23 IOµ f'. 20V, Tant. 1008- 0100 Sprtih'tl C 

H2G IK, .:i%, l/4W h)(jf,-1001 AUH 
C 24 . 0027µ F, !. 10%, IOOV, Poly. 1002-274 !.I Sprni,:-uc H27 IK, .i%, l/4W 1065- IOOI AU R 
C25 .Olµ F, >10%, lOOV , Pol y . \005-1039 Eric R28 2 . 2K, 5%, l/4W 1065-2201 ADR 
C26 510PF, ►S''f,, 500\1, J.lica 1001-05ll E lmcnclJ ll29 15K, 5';i, l/4W 1065-1502 ABH 
('27 IOµ F, 20V, Tant. 1008-0IOO Sprab'UC H30 15K, 5%, l/4W 1065-1::.02 ABH 
C 2A . 027µ t-', t l0% , IOOV, Poly 1002-2739 Sprague H:ll 
(.'29 IOP F, r.5'l, 500V, Pili ca 1001- 0IOO Elmcnco H32 IOOQ, 5%, l / 4W IOG5-nl00 A D H 
C30 .05µF, •!S0%,-20 %, 25V, Ccr. Disc 1005-50~1!) t: r 1c 

~ 
C31 . 001µ F, Dip Mica H33 27K, 5'¾, , 1/ 4\V 1065-2702 AllH 
C32 IOii l-' , 20V, T.'.mt. 1008-0100 Sprni.:ue H3•l 15K, 5%, l/4W IOG5- l !i02 ABB. 
C33 . 15µ r·. -tl0% , 200v Spr:1gue lt35 15K, 5%, l/4W IOG5- 150:! AD ll 
C34 . Olµ F , _.80'{,-20%, 25V, Ccr. Disc 1005-\039 E n c H3G 2 • .!K, 5%, l/ 4W IOG 5-2.!0I A l.lH 
C35 . 05µF , +-80%-20'.l, 25 V, Ccr. Oise !005-5039 E rie H37 2. 2 K, 5%, l/ 4W 1065-2201 Al)Jl 
C3G . 05µ F, t 80%.-201,t, 25 V, <..:er . Disc 1005-50:19 Eric H:3B 2. 2K, 5'l,, l / 4W 1065-2201 AIJ!l 
C37 10µ F, 20\', l'ant . IOOtl-0100 Sprague H.39 2.2K, 5%, l/ 4W IOG S-2.!0l AB H 
C3tl .OGµ r· , +80',t- 20% , 25V, Cer. Disc 1005-5039 E r ic ll40 12 K, 5%, I/4W !065-2201 ABR 
C39 • 05µ1-~, +-!:UJ%-:rn%, 25 V, C.:er . U isc 1005-5039 E r ie n,11 :! . 2K, !rl,, l / 4W 1005-2201 ABH 
C40 • 05µF, +-80%-20%, 2;) V, Ccr. Disc 1005- 5039 Enc lt-12 2 . 21\ , 5%, l/ 4W 106(;-2201 AUil 
C41 240PF. 1.5%, 500V, Mica 1001-0241 1-'.hncnco lt43 2. 2K, 5%, l/ 4W 1065-2201 AJ!H 

RESISTOltS IM1 2 . 2K, ~i,l,t, l/ 4W lOG 5- 2201 AJ\ H 
H•15 2. 2K, 5%, l/4W 10()5-2201 A.DH 

lU :13 K, 5%, l / 4W JO(i5-:'t302 AHH 1146 2 , 2K, 5',t, l / 4W IOG:'.i-2201 AJ.S ll 
R2 100ft, 5%, l/4W 1065-0100 ABH @ 

A3-L 0, Rl>A RD A3- L. O. BOARD 

CKT. lt l-!:F. OESCIU PTION T F T STOCK NO. MFIL C KT. REF. Dt;scm PTION TFT STUCK NO. MFH. 

RESISTORS (cont'd. 1 nTODES (cont1d. ) 

ll41 IK, 5%, l / 4W l065-IOOI ARH e ns IN3064 l2tH-:10G·I 1"a1 r child 
H.4~ IOK , 5%, l / 4W 1065-1002 ADR 
H49 IOOQ, 5',t, l/4W 1065-0100 AHH INTJo:GKATED Clll.CtnTS 
ll.50 lOOQ, ~•,[., l/4W lO(i5- 0100 Arm 
RSI ZI SN7400 1100-7400 Nal1o nnl 

H52 2 . 2 K, fi%, l/ 4W \OG5-220l ABR 
22 SN7472 1100- 7472 Signclici; 
Z:J SN7430 1100-7<1:JO Natio na l 

H.53 2 . 2K, 5%, l/4W IOGS- 2201 AilH 24 OM8280 1100- 82~0 N:il1ona l 
ll.54 220!!, 5%, 1/ 4W 1065- 0220 AUH 'Z5 IJM8280 1100-8280 !'.ationa l 
H55 820Q, 5%, l/4W 1065-0820 ABH 'Z(i UM8280 ll00-82AU National 
R56 IK, 5%. l/4W 1065- I001 ABH Z7 SN7490 II00-74!JO N:.ltiOMl 

28 SP3800 \IOO-O:J80 National 
1(57 l:!K , 5%, l/4W IOG5-l202 ABH 'Z!J SN7490 1100-7'1~0 Na t ional 
H58 2 . 2K, 5%, l / 4W 1065 - 2201 ABH 'ZIO SN7490 1100- 7'190 Nallotl!ll 
H59 ,1. 7K, 5%, l / 4W 1065-0100 AHH Zll SN7490 1100-7490 N:llional 
H.60 ! OK_ 5%, l/4W 1065-1002 ABR Z l 2 LM741C 1100- 0741 Nationa l 
RGI I K, 5%, l/4W 1065-1001 ABH 'Zl3 LJ\•1741C 1100-UHI Natio nal 

R62 470!?, 5%, l/4W 1065 - 0470 ARR T llANSISTO HS 
R63 2 . 2K 5%, l/4W 1065- 2201 AHH 
HG4 lOOQ, 5%, l/4W 1065 - 010-0 AHR 
H65 IOK, 5%, l/4W IOG5 -I002 A lli{ 

R66 IOK, 5%, l/4W 1005-1002 ABH 
R67 IOK, ;';1

.\), l/4W 1065- 1002 ABH 

QI 2N3563 1271-35(.:l National 
Q2 2N3563 1271-.15(;3 Nationa l 
Q3 
Q1 2N3563 1271-35(,3 Na t ional 

R68 IOK, Variable 1069- 1002 Ueckman Q G 2N:1563 1271-3563 Na t i or.a l 

1!69 IOK, Va1·1all lc 1069-1002 Heckma.n Q€i 2Nj087 1271-5087 Jo'ai rchild 
R 70 4. 7K, 5%, l/4W 1069- 1002 Bt~ckmru1 
R70 4 . 7K, 5%, l / 4W 1065- HOI AUH 
1!71 4, 7 K, 5%, l / 4W 1065- 4701 AUH 
nn 27K, 5%, l/ 4W 1065- 2702 ABH 

Q7 2N5087 1271-5087 1-'al r child 
QB 2N3954 1271-3954 National 
Q9 2N3565 1271-3565 Na tiona l 
Q IO 2N4275 1271- 4275 NSC 
Qll 2N4275 1271- 4275 NSC 

COILS Q 12 2 N•l275 1271- 1275 r,,:sc 

LI 15µ11, tlO',(i 1530-0150 Delevan 
L2 15µ11, t l 0% 1530-0150 Delevan 

Ql 3 2N.J275 1271- 4275 NSC 
Q l4 2N5087 1271- 5087 PSC 
Q l5 2 N4275 1271- 4275 NSC 

L3 80T Var iable 1550- 0SOO T HW 
1.4 15µ:H, il0% 1530-0150 Uclcvan ·rnA NS H )ltM t-:Hs 
L 5 15µ11, t l 0% 1530-0150 11(.)levan 

T l Tdfilar 150\- 0001 
lllODES '1'2 Trifihtr lfiOl- 0001 

cm M Vl638 1285-1638 Moto rola P . C. HV A HU 
C R2 MVl638 1285- 1638 Mo to rola 
Cll3 IN3064 1281- 306<1 r, a irchild L . o. i;ioar d 1600- 0043 
C R4 IN3064 l28l- 30G4 F:i i rch ild 
ens IN3064 1281- 30G4 Fairchild 14 Pin 1. C. Socke t 2250-1014 

C HG IN3064 1281-3011'1 Fni rc hild 
~ .. ·" "'· ' """ -•· " ·' .. 
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P/0 

+5V 

+ 15V 

GND 

GND 

GND 

LO.OUTPUT 
T O Ml XER 
CH-Al-2 
500 Ml/RMS 

O'Et.J CIRCU IT 

L O. OUTPUT 
TO REAR PNL 
RP -J 7 
200MVRMS 
Of'EN CIRCU IT 

- 15V 

Pl 

17 

5 

22 

3 

2 

6 

4 

L2 
15 

C2 

105 

-=-

CPI 
,MV 
1638 

C4 1 

f40 CR2 PF 
MV 

163 

- - -

RI 
33K 

C4oT I 

. 05 

TP-5 

R2 
100 

-

Cl I r~ CR.3 
!N30(;.4 

-

LI 
15 

+ C37 I'o 
-

R8 
C3 15K 
.0 5 

C4 
56 
PF C5 R3 

IOOK !°o PF 

-

R6 
IOK 

+ C l 
.:I_IO 

-

-

Rl4 C8 
6.SKIIO 

Rl 5 
220 

NOTES; U N LESS OTHERWI S E SPECIFIED: 

C9 
.05 

RIG 
3.3 K 

/. £ESIS70IZ:S 1/4 W , S-% VA LL/£ IN OHMS. 

2- CAPAClrQRs VAL UE IN MtCRc)FAR.A DS. 

3 . ,4U.. VOLTA6,e.S ARE DC. 

-

Cl 7 

1
. 05 

-

LS 
15 

CIS 
+i 10 

-

L 4 
15 

-

C39 

1.os 

-

R22 
I.SK 

_ (35 

c 1[_·o s 
io5 
- -

C20 
10 
PF 

R24 
100 

R25 
47K 

C2I l 10 

-

R36 
2.2K 

TP-1 R37 
2.2K 

I 
R38 
2,2K 

R52 
2.2K 

R53 
2.2K 

GROUN DING T E &T POIN TS 
A -K PROGRAMS 
FREG> UEN C.Y i;"<NTH ES IZER 

P/0 
Pl 

IMHZ TO 
v~----------1 19 FRONT P 

SP380 F~S5-9 
S,QWAVE 
LOC.IC 
SIGNAL 

t------+7r-ir=~~1-~J-=-~~~~k-1-1!3;~~1~;¥f-t-ti~;~~~i~:=t=t==,*~~::r~::~~j:=:::r=:,-±.=:J--1------4 6 

R26 
IK 

TR2 
2 

c~" 1-05 
-

Q8 
2N3954 

R34 
I5K 

-

QIO 
2N 4 275 

• 

C22 
10 PF 

11 ~ - ------ ---- - ---
1 1 T2 
11 
11 

CR, 
IN3<¼,4-

I I '----------<II>---- ---

R35 

C RS 

IN3~4 
C R (;, 

IN30<o4 

C2 4 C25 C26 
15K I.0027 .0 1 I510PF 

- -

C 3B I . 05 

-=-

C3't 
1-0 1 

-

T P-4 

C29 R58 
IOPF 2.2K 

3 
T P-.3 

TP-"' 

L06IC 
SIGNAL 
SQWAVE 

___ _, H3 l{~t-JO 

I KHZ 
~---t--t-t 16 OUTPUT 

TO RP-vlO 
LQGIC 
SIGNA L 
SQ WAVE 

I KHZ CAL 
>-.,_.--+--+-+-1 20 SIGNAL TO 

FP-SWl-7 
'f.S V P.P. 
SINEWAVE 

MODEL 7 13 __ .,, 
IIKV ... D 

L,0.G~(A3l 

FIG. 6- 6 

wigfi
Stolen 2 Line Transparent
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A 4 l111W• 11 ,11111111 ~ ltll,\1111 

11 I. ... 
"' ,,. 

(' I I 
l ' l l 

Bl 
H2 
1<3 
IM 
H5 

Hfi 
1{7 
ns 
W) 
l llll 

llll 
n 12 
HI :l 

H M 
H l :J 

QI 
Q2 

Z I 
ZS 
Z3 

t , .. , ,, .. , , '401111 /I tr 11,!0'.f,, 111\V 
l hu+lt u , , IIIIIH 1111'•1111'l, :&f'IV 
ti hu ll u , , 11t111011r 1:&01.f,, l r'IV 
til • •••• " · • 10 11 1t 11,ufJ,, ◄ nov 
Ml 1111, ◄TU 11 r 11\11, 

MIP II, •17011V 1r,% 
I ',. , , , , Uri 11 F t KO'fi - 20%, 2!:iV 
'1'11111 . , I 0J1 F I loil'i. 20V 
'1'11 111., 10 µ F J !0%, 20V 
Twnt., 10 ~ I<' 1 1(1,(,, 20V 

C\•r,, . 01 µF t-80% -2<r%, 25V 
4 70 , :.ix,, 1/ 4\\' 

HESJSTUHS 

Wh"<Jwound, rn .i:5%. 3\\1 

Comp, 3 , 3 K ~f,%, 10 turns 
Vari. , l K d {f,{. , l / 4W 
Comp, :1 . aK 1.5%, l / '1W 
\Vlrcwound , rn 15'l . 3 W 

Comp, :J.3K ; 5%, 1/ 4W 
Vari. ' l K I IO%, I f) turns 
Com p, 3 ,3K "5%, J / 4 W 
Wlrcwound , O. rn 1:5%, :lw 
Co m J), (HWH t5%, J / 4W 

Co mp, 82Q .!:5%, l / 4W 
Comp, !:ifiOO t:.5% , l / 4W 
Var i. , I KQ ~10%, 10 t urn a 

Comp, I .8 K~l , l5%, l / 4W 
I0OK 5'J , l / 4W 

THANSTSTOflS 

Si , Pi,wer NPN, M JJ•; 3055 
Si , P(1wf> r NPN, M J E :IOJ5 

rnTt:GRATt-:o cm.curr s 

I ,M72:lCN RcgulaLor 
Lfi.172:lCN Heg uhll.or 
L.M72:lCN fkgu lator 

l' P' I N'li li ' t\ NII, 

I f} IO IM02 
1010- 0,1112 
1010- 0 ~02 
1010- 0 100 
100 1- 0471 

1001-0471 
1005- 5039 
1008- 0100 
1008-0 100 
1008- 0 100 

1005- 1039 
1065-0470 

l 0f,8-0001 
l OGl'.t-3301 
l Of.9- 1001 
1005- 3301 
1068-0001 

1005-3:101 
1069-1001 
1068-019 1 
101i8-019 l 
lOGS-0680 

1065-0082 
1065- 0:::iG0 
1069- 1001 

106.'i-1801 
lOf,5- 1003 

1272-:1055 
1272-3055 

1100- 0723 
1100-072:l 
1100- 0723 

M Fil, 

Spr!tKlK.' 
Sp r aKUU 
Sprnguc 
Sprague 
El mcnco 

El mcnc o 
F.:rlc 
Kilmet 
Kemcl 
Ke rnel 

E r i c 
A RH 

Ohmit.e 
A11en- Rr nd ley 
Beck man 
All\~n-Bradlcy 
Oti mlte 

Allen-Bradley 
Beckman 
OhmlW 
Ohmite 
A l lt: n-Br ad ley 

Allc n- Dr adlcy 
Allen - Br adley 
Beckman 

Alhm-nr adley 
ABR 

Motorola 
Moto rola 

Nal.lonaJ 
Nat iona l 
National 

A - 4 POWE i\ SUPPLY HOARD 

CKT. HE ~~. DESCll fPTIONS 

H ECTfflE B.S 

CR I 1N4002, l A, 200 V PIV 
CR2 IN4002 , lA, 200V PrV 
CR:l IN4002, l.A , 200V P JV 
CH< IN4002, IA , 200V PJV 
CR5 lN4004, 1A, 400 V PJV 

T FT STOCK NO. M FH. 

1284-4002 Motoroln 
1284-4002 Moto rola 
1284- 4002 Motoroh 
1284 - ·1002 Motorola 
1284--1004 Moto rola 

I 

I I I 

QZ 

0 
g 88 ij ~ 8 ~ g ~ ~@ 

I ~~ 1@0~1 ~3~10 
I 

I I 

C 3 

0 C l 

G> I 
C 4 

I I I 

I 

I I I 
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T WI ST ED PAIR 
FRO M POWER 
T RA NSFORMER 
CH-TH I 
CH-T i-12 
18V RMS 

~ 

\.J 

TED + 2 5 V UNREGULA 
FROM CH - CRI- + 

+12 V UNREG 
F ROM CH·CR 2-+ 

FROM CHASSIS G 
CH-CRI (- ) 

{ 

ND{ 
FROM EMI T T ER 
+ 5 V REG CH-QI ·E 

TO BASE 
+ 5VREG CH-Q I 

FROM FP·S7 -7 
135 V RMS 

-B 

, -
1 

+ Cl 
;:;: 4000 

2 5V 

I 
IN4002 

CRI C,R2 

CR3 CR4 

2 

19 

2 1 + (. 2 
;:;: 4000 

2 2 2 5V 

+ C3 
; , 8000 

15V 

9 

10 

20 

12 

C4 
+ 1;) 

CR 5 l 4kov 
15 ~ 

IN4004 

HEAT SINK 
MJE3055 

~ Q I 

-
r= 

t: I 

14 
13 
12 
11 
10 
9 

I 
2 -
3 
4 

~==i 
8 7 ~ 

L M72 3 CN 

HEAT SINK 
MJ E3055 

_ -!}a2 

l 2 

14 I 
- 13 2-

12 3 L_ 11 4 
10 ~D 9 
8 7 

L M72 3CN 

R I I ~ 
82 

l12W '> l3 
14 I 

- 13 2 >--

12 3 -r:::::.:_ 11 4 
10 5 

- - C7 9 6 
,. , _05 

8 7 ~ 
L M723CN 

R I 
10 

R2 
3 3K 

- - - - - --7 
V .J\/"-

I 3W 

l c 12 I 
" 470 

I 
I R3 - IK 

+ CB 
:;:::; 10 P/ 0 

20 V R4 
3.3K 

4 

R5 
1.0 . 

vVV 11 
3W 

l c 5 

( 

R6 + C9 

''470 
>3.3K ; :;: 10 

20 V 

:: > R7 
~ I K 

'> R8 
> 3.3K 

? 16 

17 

R9 
0 .1 

V 

l RIO 

13 

14 

J c 6 > Rt 4 --~470 >680 
~ I.SK + CIO ~ 

; :::: 10 R15 
20V IOOK 

> Rl3 
"ll> I K - 18 

. --... 
::::;: C 11 R l2 

0 .1 560 
. vV'--

I 
I 

---- - - -- -- - - -- - - -- - - -- -------~- _J 

P l 

- ISV TO F P-57-11 

+ 15V TO F P-$7-2 
AND 

A6 - I 

} GRO UND 

I + 5V TO 

J
i,._ CHASSIS 

+ BUSS 

+ 170 VDC 
TO CH 5-Pl-8 

4LL POWER TRAN.5/S TORS M..Tl:3065 

.3. VOLTA~E S : ( OC) 
2 CAPACITOR-5 : ( MICROFARADS} 

I. REStSTOR.S : '#W,5% ( 0/...IMS) 

UNLESS OTHERWIS E S PECIF /ED: 

N OTE5 ; 

MODE L 7 13 

_ ,., l - 17 - 7Z 

POWER SUPPLY (A4 J 

F IG. 6-7 l. t.0 1 - 0 049 

wigfi
Stolen 2 Line Transparent
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,-... ,11~• - ·-111'1•1 1111'1 It tH I II NHM 'KNII, _,_ -
I A~~• 111111• 

IJ ... ,. . ... lift ·-"I .. , Ill••+ 11101\ I\HIU 

1,- U¥ lltl•• h 11 l~11i lfllll 111110 

II► •t•lt .... 

n! 
•~~, Ill I IW 10ft7 IM ):l 

I MIii \11•11 I •w l fHIII IOOf1 

:~~J.'11:11in'~,·~ IW l tHl7 11\02 

kl 101\0- IOO!i ... 1119', llt'I,, I •w I 007- 1502 

tt • Ill MJU IU'f , I I W 1011n 1oor, ,,. I IWt\, h11 , I IW IOH5- 150:I 

"" l hk, 11, •• 1/ lliW 1007- 1502 
II~ IIIMKUrnJ, 1 /◄ W 1006-lOO!'i 
11111 1not,,, n1f ,, l / 4W IOR5- 150:I 
111 1 l l'I K, lflrl ,, 1/ :.tW IOf.7- 1502 
1111 10 MMI 1011,, 1 /◄ W 1066-1005 
II !It l f\ K, 1011,, l / 2W 1067- 1502 
111-t 10 M t-:U 1011,, 1/ -IW IOGG- 1005 

11◄11 IK, f/1, 1/ 4W )0(;5-1001 
11 •11 IOOU, r,'f ,, 1/ 4W 1065-0100 
11 ◄:I IIIOU, ri'l,, 1/ 4W lOf.5-0100 
1t,1:1 IK, rif, l /4 W 1 l)f,5- 1001 
ll'14 IK, r,%, l / ,1W 10G5-1001 
IM r, lK, !/J1 1 /◄W 1065-1001 
1146 1r,on, fit{-, l / 4W 1065-0 15 0 

COll,S 

LI 2 - 1/2 T u m C hoke lf,30- 002!'."I 

INTF:GHATED cmcurrs 

,, SN 7476 1fl pin 1100- 747fi 
Z2 SN 7400 14 pin 1100-7•!00 
Z:1 SN 7400 1100-7400 

i'.◄ SN 7'190 I ◄ pin 1100-7490 
ZII HN HDO 1100- 74!)0 
zn SN 7490 1100-74~•0 
'1.1 S N 7400 1100- 7 400 
i'.~ SN 7490 1100-'1'190 
i'.O SN 7400 1100-'MOO 
'/, 10 SN 7476 1100-747(; 
i'.11 SN 7•100 1100-7400 
Z 12 ~N 74 190 1G pin 1)00-7491 

A n j 'OIIN'l' tm UIIU'LAY DOAHI) 

C' KI , IU, 1-'. ., .;scnrPTION T J.·T STOCK NO. 

111 1'1 "'· 1r,•1,, 1/ 4\V I OG5 -J001 
1111, IK, 1:l(,, l / '1W 1005- 1001 
11 l 'J IK, 11\'I,, 1 /◄W 1065-1001 

"'" IK, 1r,'l,, l / 4W l Ofi!'"l-1001 
11111 "'· I r1IJ • l / 4W JOfif:i-1001 
11•0 1,, 1r,11, 1 /◄W 1065 - 1001 
HIi i IK, ,n':I,, 1 /◄W 1065 -1001 
11111 ... 1t\1( , , 1 /◄W 1065- 1001 
11•11 "'· 1n'I,, 1/ HV 106r, - 1001 
II .. ... 11"1'¥,, 1 /◄W 1005- 1001 
11•n "· 1ni1,, 1 /◄W l l'.kl5- IOOI 
II.fl '"· I n1•, 1/ -tW 1065- 1001 
1117 '"· 1 n◄1,, 1/ olW I 065 - 100 1 
111111 ... 1n'I,. l / 4W 1065- 100 1 
IIU I K , 1n'I, 1/ -tW 1065-1001 
IINU IK, , n1J,, 114W 1005- 100 1 
IIN I '"· 1n11,, 1/ -tW 1065- 100 1 
110 IK, 1n◄1,, 1/ -tW 1065- 100 1 
1111/t '"· ,n1,. 1 /◄W 1065- 100 ) 
1111◄ IK, ,n◄1,, I •IW 1005- 100 1 
lli'ln ... 1n•1,, 1/ ,tW I 06!'1- 1001 
ll"n "· ,n11, l / 4W 1005- 1001 
111 , '"· , r,11,, l / 4W 1065- 1001 
111111 '"· I /i1f, , 1/ <tW 1065- 1001 
II I W IK, , r,11, , I 4W 1065- 1001 

A -5 COUNTER- DISPLAY BOARD 

Mttll , C:KT.HEF, DESCRfPTlON 

Z13 SN74190 

►: rlt• 
Npl' lllltNI 

Z14 SN 74190 
Zl5 SN 74190 
Zlfi SN 741!.10 
Zl7 SN 74190 
ZJ S SN 7430 14 pin 
Zl9 SN 75453 8 pin 

Allll 
Allll. 
Arm 
A Oil 
AOll 
A Bit 

Z20 SN 747r, 
Z21 SN 7475 lG p in 
Z22 SN 7-175 
z2a SN 7475 
Z24 SN 7475 

Ann 7.25 SN 7475 

ARR 
ABI{ 
ARR 
AllR 

Z26 SN 7475 
Z27 SN 744 1 
Z28 SN 74,11 16 pin 
Z29 SN 7441 

Ann 
ADR 
ADR 

7.30 SN 7441 
231 SN 7441 
7.32 SN 74'11 

AIUt Z2:l SN 7545:J 

Alm 
AHH Z3G SN 7400 

ADH '/,37 SN 7472 14 pin 

AUB z:l8 SN 7'1.20 

AllH 
AfiH MISCELLANEOUS 

14 pin JC Sockets 
Hi Vin IC SocketR 

AHR 
PC llo:trdi;1 

CHI IN 3064 SU-Diode 

N:t liOn:'1.l CR2 1N 30G4 Sil-Ulode 

National 
N:,ttonal Kl Hc lay - PRD-3510 

National 
National 
National 

z:u SN 7425 
Z35 SN 7400 

National 
NntloMI 
Natlom\l 
National 
National 
Tl 

M1''H, 

AHH 
ABR 
,\RR 
ARR 
ABH 
ABtl 
ABR 
AUR 
ABR 
ABH 
AHR 
AHH 
Ann 
ABB 
ABH 
ABB 
ARH 
ABR 
ABH 
1\TIH 
ADR 
ATIR 
ADH 
ARR 
AllH 

T F'T S-l"OC'K NO, MFR. 

I 100 - 7·1!11 TI 
l 100-74!ll Tl 
1100-74!)1 Tl 
IJ00-749 l TT 
1 100-74!)1 'l'I 
lJ 00-7-13() National 
1100-75!1:1 Natlonn.J 

1100- 7-l.26 Nation al 
JJ00-747!1 N!ltiona] 
I J00-7475 Natiomil 
1100-747!'1 National 
1100-7475 Natlonnl 
I 100- 7475 National 
J 100-7475 National 
J 100-7441 Nallonal 
1 100-7441 National 
1 100-7<141 National 

1100-7441 National 
1100-744] National 
1 100-744 1 National 
1100- 755:l Natlonttl 

1100-7400 National 
I 100 - 74 2i National 
1 100-7400 Nation~! 

2250 - 1014 
2250 - 1011; Tl 

1600-0022 

1281- 3064 Fa irchild 
128,J-30(j4 P:tlrchilrl 

1300-0001 Clare 

1 100-7425 NiH ional 
1100-7400 NathmaJ 

I 
I 
I 
I 
I 

B □ ~BBBBBR BBB Bi P li!EQLJ~NCY' 
ALA~M 

(OPTION) 

Q ~ t33 = m l iJ_: = "' iJIJ'" ~• l • _! Uc l_zs-4 

B ~ ~ 8"~~~ 8 ~; 8"$i"8 ~~ B ~I B B o, 

EJ EJ I OS~ I B B B □ 

) 

r 

I 
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' 
r/o 

1 

r;o 
J;). ro F -"-SW~-3 

J 

.,,_. ro FP-~<., - I 
.f 170V 8 

4---n, A,f.-11! Ii?/ /i'3 Rs 

t'' 
Rd K IO R t/ Ii!/$ 151'. 15A'. /SK /!SK 

/ SOK ~~t ✓1 / SK '!21/1 ½w ½w ½W 1/zw 
l<Z tz,4. l(<o OS4- R 9 R/Z. DS' '- ~14 os, 
JOMEli OS Z. /OM EGr 

DS3 /O MJ;q 0 $5°' I/IMI!'~ IOM~<J, 

r~~-=-
0 

tJH 
0 

I ? tlJ-~'ir /OMFC, 0/234'5(,78 q 001ur r .7s 1-=- ,0:29:'9 /, 7 8 ,, 
◄o .~ f f ', ~ \ 0 -=- 99 ' 9 '' -=- ) -=--=- __ u ~u 

~LJ I I -~ ·,-3=1 -~ _LJ 
- 1-J 

._,7 ' r r 71 
I 1 IJ. I l I ' l 

J-f.(, 15 l'f 13121/ 10 9 1r., 1,5 /"-/ /~ 12 I I 1oq It, 15 /~ 13 12 II /0 'I 1, 1 5 I I./ / 3 12 1110 9 I(, 15 /'{ 13 121110'/ f f, 15 /4 /3 /2 /I /0 9 
HJI/ 

b p b ,!!29 7,;-11 b z:30 b Z3/ 7'441 D e32 7441 Z27 7441 Z28 7441 744-! 

1 23'15(,7 8 I 2 3 L/5 {., 78 /23'-15 (,, 7 8 / 2 3-" /5 C. 7 B / 23'f!Jt;, 7 8 123'-15/,7 8 
I I I L -- I I I I I 7 I I I I 7 7 7 I I I I 

P/• 1 1 I 7 7 7 ,_ D 
Jµ I P/O L._j 

I tr~ I ,,, L_J ~ L.:_J ,. L____J 
I /l.lS/00 I [lRl9JO<> 7 l .nmR'17Joo I m IZ3 / IOO I ~~u,,,,. 

ro ,, 
g / l., 00 ro II I .o;.., ,~ Ji!•- JOO ro : lij.~ 100 RP ,. ro JU,014" 

/0 ra .r R .i;.q, oe> ro . 
RI' JI • Ri! IOO RP il'ZIOO RP 

8 
I PZS-100 KP , I R C7 C>O RP , :~. ;:: ,// 

" I A!.J.'!✓~ -,,,,,.. 
~ .JI ,...,.1.~ .I I q I RZ<,100 JJ 1 I ,'(~_loo Ji 1 wJ_J a.1• 1~• I TeA/1/SFGIZ c.!. T I - I ,,.. 1 I 

I I I I I I 7 ' 1 
l f I T I I I I l J. I I I 1 
/t,, /5 l'11:J 12. /I iOC/ f t, 151¥ 13/Z II /0 9 ti, 15 / 41 13 / 'Z II 10 'I I I, 15 /'I 13 12 JI 10 , / 1, 15/'flo / Z /1 l(• 'f 11, 151y13 1211 t o~ 

b -.!!21 747S b i!22 "M-?S b i!'25 "N7.s- :::i i!2t;. ~7S ::) ZZS 7 475 :, :i!2(g ~ 7S-

I Z 3 I./ .5 <, 7 8 / 2 • 4 .5 <, 7 8 I 2 3 'f .S (, 7 8 I Z. 3 "I 5 (, 7 8 I Z 3 '( 5 (, "): 8 123'1!5 (, 7 6 
I I I I I I 1 

I l I I I I 
3 

ell z 
I T ·1 

740,, 
J r -1~ S 7 I, ~ 'I 3 2 I J:. r J. 
~ 7(,5-'-132 1 1J 7 /,5'(3 Z I r -,"' s '( 3 Z I y 7 ,;. 5 '{ l I r 7 r,, 51/321 ~J..IJ rP~,.@>- C i!IZ 74190 C K•J i!!l .3 74 190 C M r./4 74190 C UA !S i!IS 7 4 190 C i!YC. ""Hl90 C i!:17 ,11-/90 1/tJ .. ~ ~ 

Pl Cf IO JI 12 13 l'/ 1'5/f# • J 
Cf JO I I IZ t3 l'I 15 I(, 'I /0 II 12 15 14 I 5 / i, '1 IO II 12 I 3 14 15 1' '11c 11 12 1,;v 1,;1~ , 10 1112 1/S I '( 15 II, .......... I I I I 7 7 , 1 I I J I I l l I 1 j I l 1 1 ' ' %>A7-✓I-<, I, = 4- I I I ~ 

I 7 
·- 1...LJ I I I -:- i OII D 

Jt)A7..JI-Z 

~~ ~ 
-

P/o - z. Q . it....,!! J,L_ 
i""' .. ·.;.. • 

• JO 1/!fO , f =:uJlJ,J .. U\, ~ cuct,!. cu. 
, . 

~ 7¥lt. Z/1 •SY-1~ r- 12 (p) Cl✓. - ~ .l(lta,......t. Q .I(~ .,,,,.,0 ? TPI airJ TP4 .. , • = . - " ,:,,,.tA7 .rt'} '-..- 1-o- _ INPUT lp" 4 
TR'4NSF/!R 3 I -

7 ~~-d t ,, .... s I~ Z.9 ,, r,-~ - f 

nz. '<.'ti.- LJ 2..,.,,,, 
/ 2 -,.00 ·~ 3 . 

lo~ 
a ;J ...CSC.O,P ti ~1 ,.1 +!SV ,zl~ 11£ 

~ ... --· ·~ TPZ- CZ. 
I 

~ /0 ~3 
" + "(;)N A 7 +5Y 

4 ~ .. ,"' (3,I/T£ I 
~~ ff'- S Wf.--(/ s I I '" .3 

I A 

q J Q 7$Jtl$.I lt'fl. / 1?0 47-.Jl- ..3 / Jlz • W61c.,. • 
' <, i!'Zo r-'< zzo ~ + 5 V ' IOH6.■ J. .a,c ·o· r-- I (r C:/1< C,/C . 

1?39 ~~3 ,._ - - -~ -,,,,,:;, ~ "OV7'- I ~ !5 'i4Z "- •ON ,47 F,. ,z II 10 

~ -=- I / 15 100 lit. (., Q K Q 
4 is 7490 JIIIQ::> z ~ A7-vl-f-'--<;TT 7-S3 

I 2 5 5 (, 7 7¥00 
'--

_J I ~ 
i-$11 

-2-.) Ii&. I 
.._ 

c.J ~ ~ - '- &~ "J'41')0 

"' -.... ~-~ . -•o - ✓~ - J Q IS" 5 
I ~PAAfEL ~ :1~ /1 7 i!- ' V v ,...,,.,~ ... -:, IK. /0 I E-1 l""P- C. R3-I '\ 8 CU< 

~~i -1 .~ ;:~~,,z. 1 
L-..-~ 

, i!Z , 
?1176 

79'-S.!I 
r---l/'iT'\_3 4 

ZT " 
• ., n ----

~ 7- ~:r ti?.P-./,3-t, ~ 5Jlla> 9~f r3 7 le. l'f 
-,.,CO ~s Kl 7 472 'I ,;. I 3 Aa-llJ II. 

+ r 74-CO 
8 

131 ... 6 
ll ~ ;,.u-

~ i //1,J,1& liq ,VAV. L.>y- I I r==h r-+-, I . ,!38"\J3 ,- 8 
IZ n~ -0 7400 · f°'--..., TTL~u,-.. I 1 ' ~ -<, 

1

, 1 ,2il/o 8 , I l'I 12 II /0 IA/ IZ II JO f=~ ~ TP- !!!J .,. /J I]_ b 2c. 7-,90 II 
'f 74-UJ i-OA O 

i!5 74 90 i!4 74 90 

~ 
ZS LA,- -

1235 1. 7 - --:fli!~j,'-
~ 

I 2 3 5 '- 7 I 2 3 5 1,7 
w.-11 ' L....::J U-- L-J U- zr f1r, 0 

MODEL 713 -;!:- .. ~ -
3~ 

~~ p'J - ,_ . ~ r,15' L.I - · I --· •-- ... c~~ 2 1/zr IZ45 IZi'!- = "'OT~ <., . UJ,: ~()THER'.VI,q:£ SP[Cln.£D: 7¥00 II(. -"• l-l$ ·7Z I 
,_ -- II'- . II(. l. fft:S.O 'l'OR~ - VALlfl:.1 IN OH) ffi • 5%, 1/◄ WAT'L 

fS'I I 
+ 5 V ro r,(!, ~ f :}- CAP· , CITO!lS - VA:i..Ui•:S IN MJCROP'ARAOS. Cov,v T .t--.e ef DISPlA'( /'AS) .l. c, U C Z ,. rNDl"C'TOR.$ - V >\LUl:S IN MIC KOHE NRYS • lo?. ,1.0, ± ,I.UF ,. • F /'\ ◄ "TORY SELECT \ 'ALUE. TYPICA L VALUE SHOWJf. 
~ A 2 .J /·15 9 .. •. 0 l l'"C£S ARE DC C,)NDl'J'IONS . liZ,-:--F l~ . ~-8 .., OOS"O 

wigfi
Stolen 2 Line Transparent
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TO CH-CR2-(-) 
(GNDl 

+20V 
UNREGULATED 

+15V 

5 MHZ TO 
RP-SWl-1 
0.3\J P. P. 

--

RI 
I.SK 

R2 
4.7K 

Cl 
820 
PF 

I INSIDE OVEN 

C<o r -OS 

1--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-- 7 -

~ -----' 4 )- --, 

I 

I 
I 

7 

2 
M..c._15 50_ _ 

3 
_ __ __ j 

C3 
t----- -.....--- -1---..:.JI Ot-O_P_F ___ .... 

R4 
6,8K C2 

470 
PF 

R5 
6.8K 5MHZ 

c::J X/TAL 

*CtiC5 1501 1::J-18 PF PF 
- -- -

- -

MODEL 713 
SC ALE A .ll"'ll"'ROVEO BY 

DATE 

FIG 6-:·9 

DRAWN av C. VJ£ 

REVISED 

'=,(po I - 0051 

wigfi
Stolen 2 Line Transparent
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,1.,• 11~,. lik.OMU''Mf_. TnlTOCI< NO, 

I IUHAI , IUCVIUl:11 

1•1 ,.,.,fl1,, av, AO•M 1300-0560 , .. , ... ,,,, av, fM> mA 1300-06'10 , .. l•1111J, &V, flO - 2300- 0660 , ... 1.-11111, IV, ftO mA 2300-8160 , .. l•m11, av. &On"- 2SOO- 0IMI0 

111.uu 

JI n P in tlooket 2150-1106 

MUJCE l.,l~ANOOUS 

P . C . Board 1600-0031 
l..amp Uouelng 3000- 0001 

MFR. 

Olblno 
Olhloo 
Oablno 
O.hino 
Olhlno 

Viking 

.. 

I 
• 
I 

• 
Jt 

. " + 

,, ,. 
OF~ 

------------- ----" 
Tl TZ T3 T4 T'=, 
00000 

l 
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JI 
Tl 

'\Ar 

t-5V I -l-5V ro 
V AS-Pl-I ,, 

" 0.f; 

(a\ 
'2 AS-Pt-'2 '-.-/ 

"+" 
Ca) 

3 A5-Pl-3 -
H - . 
rc;-.. 

4 A5-PI-~ 
·c-r~" '--" 

T'2 (cii"\ 
F?-SW4--/ v 

·• '-../ H M"',/N 
CAeR 

T.3 Gl FP...SW4-.3 -
~ 

-11TI/ T4 
$WIT~HIEI> _ 

FP-SW7-.S-

TS ~NP 
qNDv ~ As-Pt-C. 

1,J-1"-, 

MODEL 713 
SCALI:: I A~~R0Vll0 ■YI I DRAWN ■Y 

DATI[ , I I 1tllv1••0 

LAMP PANE.L ( A7) 

FIG. G-10 I ~~oi :"oos 1. 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

TE:L E"M E,~Y LOW PA.'a,~ (OP"rlON)I 
\ 

CAIZl:2-leR LEVE'L ( =>PnON) 
I 

\ 
I \ ~ 8 ~ ® 8 I \ 
I \ cs 

I \ ~ 

\ 
I \ 

--®D-

I \ E] GJ I \ 

\ 
I \ 

~ ~ 
I \ @:) @) 

I \ 

~ ~ CV I \ 

~ I \ 
~ I \ --<§D- ~ 

\ --@]-- I 

8 
\ ~ ---{!ffi-

~ E] ~ I 
I \ @ 

\ -EQ- -@ID- I 
EJ 1 \ ~ 

ij 8 --€0- \ I I<.~ -@:]-I 

~ 
K t \ 

--@I)-

~ i 
\ 
\ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

H \ 
A-8 TELEMETRY BOARD A - 8 T ELEMETRY BOARD I 
CKT . REF, DESCRIPTION T FT STOCK NO, )IFR, CKT . REF. DESCRIPTION TFT STOCK NO. :--.1rn. 

Cl 1. 5 µ F, 25\'. Electrolytic tapaclto 1010- 0150 Sprague 
CRl IN3064 Silicon Diode 1251- 3064 Falrchild 
Kl Relay PRB-3510 1300- 0001 Clare 

I 

LOW PASS OPTION 

CAPACITORS I 
PC Board 1600-0032 TFT 

C2 1 µf ±10'{ , 100\' Mylar 
L1 100 µHy :!:2l)q. ~tolded RF Coll 1530- 0 101 Oele\ an C3 6. 5 µf, 35\" Tantalum Electrolytic 1008-0068 Kemet 

C4 . 027 µf ±lt:A:, 100,· Polyester Sprague 
C9 15 µf, 2.i\', t.:leccrolytic 1010- 0150 Sprague 
CJ0 15 µf, 25\" , Electrolytic 1010-0150 Sprague I 

CARRIER POWER AL.\RM OPTIO~ RESISTORS 

CAPACITORS 

C5 15 µ F. 25\" , Electrolytic 1010- 0150 Sprague 
C6 1000 pf '.l:5% 500\' , Dipped Mica 1001- 0100 Elmenco 
C7 1000 fp ':;5<;. 500 \., Dlpped )lica 1001- 0100 Elmenco 

RESISTORS 

Rl l0K :51_ , 1 -1:W Carbon Comp. Res. 1065- 1002 Al Jen- Bradley 
R2 I0K .i,Sq , 1 4\\' Carbon Comp Res. 1065- 0150 Allen- Bradley 
RJ l0K ~s(f , 1 .tW Carbon Comp Res. 1065- 0150 Allen- Bradley 
R4 101': =5~ , I 4W Carbon Comp Res. "1065- 01.'i0 Allen- Bradley 
R17 l ':-K .1:5'°t, i / 4W 1065- 1802 Allen- Bradley 
Rl~ 47K±5ct: , 114\\' 1065- 4702 Allen- Bradky 
R19 12K =5~ . 11-t\\' 1065- 1202 Allen- Bradley 

I 
R S 12K ::,:5({, 1 14\\' Carbon Comp.Res. 1065- 1202 A11en- Bradley 
R6 lK Cermet POI 1069- 1001 Beckman 
R7 2. 7K -:t:5'f l 4W Carbon Comp. Res. 1065- 2701 Allen-Bradley 
R, 13K t 5Cf 1 4\\' Carbon Comp. Res . Allen-Bradley 
R9 lK Cermet Pot 1069- 1001 Beckman 
RIO 7500 -;t:;3'{ 1 4\\' Carbon Comp. Res . 
Rll l0K :5'i 1 4W Carbon Comp. Res . 1065-1002 Allen- Bradley 
Rl2 lK :5'i 1 4\\' Carbon Comp. Res . 1065-1001 Allen- Bradley 
Rl3 lK t5~ 1 4W Carbon Comp. Res. 1065-1001 Allen- Bradley 
Rl5 lK ::-5({ l 4\\' Carbon Comp.Res. 1065-1001 Allen- Bradley 
R16 lK ±5% 1 4W Carbon Comp. Res. ]065- 1001 Allen- Bradley 

!:<DUCTORS 

L2 100 µHy ±20%, :--.tolded RF Coil 1530- 0101 Delc,an 
L3 100 µHy =2~, )·tolded RF Coil 1530-0101 Dele\'an 
L4 100 µHy ::z: ZO'i; , )folded RF Coil 1530- 0101 Delevan 

INTEGRATED CIRCUITS 

Z5 L:--.1741 OP- Amp 1100-0741 National 
ZS LMHl OP-Amp 1100-074 1 ~ational 

I 
I 

MISCELLA:<EO\JS 

L2 100 µHy -20'.{ Molded RF Choke 1530- 0101 Delevan 
L3 100 µHy -:c20i :--.10Ided RF Choke 1530- 0101 Dele,·an 
CR2 1N3064 Siltcon Diode 1281- 306-1 Fairchild 
CR3 IN3064 Silicon Diode 1281- 3064 Fairchild 

I 
CR4 1N3064 Silicon Diode 1281- 3064 Fairchild 
K2 PRB- 3510 Relay 1300-0001 Clare 

Ql 2N3567 NPN Silicon Transistor Fairchild 

~I L:--.·17-11 OP-Amp 1100- 0Hl Fairchild 
22 LM74I OP-Amp 1100-0Hl Fairchild 

I 
I 
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+ 5V 

CH-A2 -13 
·o· oR. '+sv" 

+ l5V 

CH-A 1-8 
AUDIO INPUT 

+l 5V 

CH-T B2-2 
OTO +sv D.C. 
FR.OM CARR l ER 
LEVEL M ET ER. 
CtRCU I T 

-t5V 

14 

15 

5 

2 

5 

9 

3 

LI 
/00 

L4 
/ 0 0 

,ez 
/O,'::. 

/2 1 
/Oft:-

': 

L2 
/00 

NOTES: UNLESS (ITJ1 t :1:w 1s ~: SPJ,;Cll-'IF.Il · 

l
ei 
I S 

L.3 
/00 

I. HE,;tSTORS - V ~ LUEf-. 1,, (lllMS ±~r;/ , J/ 4 WATT . 
2. CAPACITORS - VALITFS IN MIC KO ~ AHAllS. 
3. 11'Jl!IJ( :TORS • \ , l lH, S IN M fl'ROHLNl{Yl:>, ~o'{ 
4 . ' FACTORY SELF. CT VALUF . T ) P ICAL VALl!t: SJ1(1\.\'N. 
5. VOLTACEf AR E DC CON Dfl'K>NS . 

R3 
I.K. 

Kl 
P R B 
3010 

C..10 -f-1 / 5 

C{4 

;ocx:>,O.C 

H ~- \' , SI O :-; :; 

- •-•"·•--- ------- --- - ----·----..----t 

17 

18 

4 

I 
22 

10 

11 

~ - --- - -1 20 

o--------1 2 1 

R P- J4 

RP-J5 

RP-J 9 
A UDIO Sl&N AL
LOWPA S SE:D 
AT 3 SI-IZ. 

R P-J3 -E 

MODE L 7 13 

- ( AB) 

Co~Ol-oo53 A 

wigfi
Stolen 2 Line Transparent
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A-!} l)tG n'AL -1'0-ANi\ LOG CONVEHTEH 

CKT.Ht:1-', 

CJ 
c:1 

RI 
R2 

H5 
R(; 
117 
H8 
,rn 
.HIO 
n 11 
H l 2 

Z l 
Z5 
Z:l 

I. I 
1,3 

Q I 
</2 

DESCH.I PT ION 

CAPAcrro rtS 

1. 0 µf 25V, Eleclrolylit' 
1. 0 µf 25V, E lc.-c-t rolytlc 

HESJSTOllS 

f,OK, Va1·lahk , Cf"r mrl P o t 
r,OK, Vnrla.h h•, Cc r rn1~t P ot 

4 .!19K t-1% 1/ HW, Me t a l Fi lm 
•1 ,99 K .1 1 % 1/RW, l\kta l F i lm 
4 . V9K l iq' 1/ HW, Meta l Film 
2.2K 15% 1/ 4 W, C:1 rbon Comp. 
4 ,99K ¼1/J, 1/ 8\\' , l\l('ta l Fi l m 
4.!i9K ::1. J'J, 1/ RW, Metal Film 
2.21< t5'¼ J /·1\\1 , Car bon Comp. 
:l .32K .t l 'l_, I / SW, Mct;il Fil ru 

MJSCF.L LANEOUS 

U/ A Converter, CY21i:lr. 
J.t\-174 1 OP-Am p 
8N7<100 Cnt<' Pi\<'k flgf• 

15 µ ll_v J Jo'l nF C hok,, 
15 µ1-iy t l ffi.. HF Chok(' 

2N2222 Tr fl.n!'llstor 
2N2222 Tr:rns i ,.; to r 

T FT STOCK NO. l\lFH . 

1010-0010 Sp ra~-ut• 
IOI0 -0(110 Sprllj.,'1.IC' 

l Of.9-5002 Hcc:k man 
IOG!l-5002 ll~"c k m:'.ln 

I01i9-499 I Uale 
IOf.9- 499 1 lY.lh! 
l Of.5-2201 A l h •n- llrt111ley 
IOf.fi-2201 Allt~n- Ilrmlll'Y 
.1 069- 4991 Dale 
1069-4991 Dt1lc 
I0GC,-220 1 Al l<•n - Brad ley 
1061-:\301 Dalt· 

1122-2,;:,r, CYCON 
g ~EJ 

1100-074 l Nr,tlorll\ l 
1100-7'100 Natlonnl 

1530- 0 150 Ocll'\' a.n 
1!;30- 0150 IX'kvrut 

1271-2222 Nntionnl 
~~~~,~ ~ ~ 

127 1-2222 Nntlona l 

Z I 

.. 
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. 
i 
& 
! 
~ 

i 
i . 
jj 

j 
l 

i 
I 

? 

i 

. 
I 
i 

P/o 
Pl 

BC.O /OH.:. ~n 
INPUT 21 

LOG,tc LEVELS 'l.O 
/9 
18 
17 

[3CO I Hz:. 
INPUT 
L06IC LcVl=LS 

c 
y 

t:-,NO )(. 

<-,NO w 
aifNO \/ 
C,,IVO u 

LI 
-f-15 V I I 

IS. 

r5V N 
-!S V /0 ,, ,, 

9 
GND 15 

--

Pl SOCKET CONNECTION TABLE 

P IN 
M?, 

I 
2 
3 
4 
5 
~ 

7 
8 

' ID 

II 

12 
IJ 

!'I 
IS 
I I, 

17 
/ 8 
/ ~ 
,zo 
Z-1 
22 

CONNcCT£ 0 TO 

AS-J:2 -3 
- 15 V 

-/- IS V 

RP-JI - A 
G,NO 

A 5- ✓4 -~ 
AS-J 4- 7 
A 5 - J 4- IO 

A .5-J-1 - II 

AS -J4 - 8 
A5-J 4 -51 

PIN CONA.€CTED TO NO. 
,A 

B 
C 

D 
£ 
r 
H 
J 
K. 

L 
M 
Al 15V 
p 

I< 
.s 
T 
U c;;,t,.10 

V G,ND 
W c;,NO 
X G, t-.lD 

Y AS- J4-5 
~ A5 -J4 - 4 

I !34 
2 .33 
3 

z1 ;32. 
4 !$/ 
5 

c:Y-~t;.3S 30 

" 29 
7 '28 -8 27 -
9 2~ 

- /0 25 - II 24 
12 23 
13 22 
l'1- ZI RI ~ IS 20 
I~ /'3 SOI'- SOK 
17 18 IGAINI ~ 

--

+ 

,;; Jrf'.:,; t ,~aLl-:SS O'filEH\'-'!S E Sl •rTIJ,' JFD , 

--

CJ 
1, 0 + 

I. Rr.SJf, ;•,m~· . VA! U f'~ I N llllM~ , I ' / , 1/ 8 W,\TT, 
'!. . l ::, P/\ ('J r r 11{t... \ ' \L( ~l·.S TN M ICHO }'AH/\1X~. 
~ . 0-: fl l ' ( " i [l\{'., v~1.•r,:s (!-! M!Cll(lllt:NHY::, , J O'% 

C3 
/ , O 

•, ... FAl" 'l C.11-:Y f: I·.! F( r· \Al.{J!-' , TYi-'!( '1\J, \ Al Uf·, S }l(,WN . 
, ( 1J. 1·1H; 1-. s , 1::r r,c ( 'O!'IJIJTH,N~. 

R9 

4 .9!],'tr. 

R5" Rt;:, 

4.9~K 4 ,99K. 

(j)/ 

R8 '2N'2'2'2.'2. 
2.'2/t:. 
1/4W,5% = 

R IO 

4. 9':JK 

JO 

4. ~~"' 

P/o 

P l 

~ 

LM74IC.. 

.! I VOLT D.C.. 
'>----+-----1 14 ;::o,e r '2.0HZ. 

IE.R£o,e 4 

RI Z 
i5.32K.. 

OFFSET NULL I 

/A/Ve,l!!,TIN<:;, /NPur~'2+---I 

NON 1NV.5eT INPVT..c.3+----i 

s 

rt/cc 

OUTPUT 

- VEE 
4 

L. M 7 4 1 <l 
e,p1tv1 

D I P 

5' O FFSET NUL.L. 

MODEL 713 
S C ALI[ A~~ltOVl:D ■Y 011AWN ■Y 

lll:Vl91:D 

DI GI TAL TO ANALOG CON\/ER1B((A9) 

F="IG. Ca -1'2 
DRAWING NUM■Slt 

G,(p0l-005"4-

wigfi
Stolen 2 Line Transparent
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