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SECTION I 

1.0 INTRODUCTION 

1.1 Scope 

This manual describes the theory, operation, installation 
and adjustment and maintenance techniques for the Telegraph Distor­
tion Analyzers in the Circuit Data Corporation Series: 

1.2 Use 

CDA-770 
-771 
-780 

Portable 4800 baud 
Portable 9600 baud 
Rack mounted 4800 baud 

The CDA-770 Series Distortion Analyzers are used to measure 
all types of telegraph and other digital data signal distortion. 
These are rugged, light weight, portable units for use in communica­
tion centers, the field and laboratory. 

1.3 Special Features 

Models 770, 771 and 780 incorporate: 
A. 0-10% distortion scale in addition to the usual 

50% scale. 
B. Dot cycle output for equipment and line testing. 

1.4 Characteristics 

All the CDA-70Cseries use digital circuits and techniques 
for all measurement purposes. This makes it possible to operate 
immediately without warm up time and to obtain accurate unambiguous 
observations with minimum operator knowledge. 

1.5 Input Signals 

The CDA-700 accepts and measures signals of the following 
characteristics: 

A. Current---Series (a) 20 ma neutral (200 ohm) 
(b) 60 ma neutral (67 ohm) 
(c) 20/30 ma polar (200 ohm) 

Polarity selected by front panel switch. 

B. Voltage- - Bridge to ground 

Polar Positive or negative marking.· 
Sense switch selected. 
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Neutral 

(a) High level+ 2 to +130 volts 
Input Impedance SOK onms. 

(b) Low Level +0.5 to +12 volts. 
Input Impedance 20K-ohms. 

Positive or negative marking. 
Sense switch selected. 

(a) High Level +5 to +130 volts. 
Input Impedance SOK ohms. 

(b) Low Level +l to +12 volts. 
Input Impedance 20K ohms. 

C. Codes Start Stop 5 to 8 level inclusive. 
(7 to 10 unit intervals). 
Synchronous, all speeds on internal clock from 
37.5 to 4800 baud. 
Model 771 to 9600 baud. With external clock 
lower and higher speeds may be accommodated. 
For internal synchronization the applied signal 
speed must be within 0.1% of the analyzer for 
correct synchronization. 

D. Speeds 37.5; 45.5; 50; 56.8;61.12;74.2; 75; 110; 150; 
300; 600; 1200; 2400; 4800 bits/sec. 
internally, and one externally derived. 

E. 

F . 

Switch selected. 
Accuracy of internal generator .01%. 

Conditioning 

Compatibility 

For speeds up to 75 bauds a switchable 
low frequency filter removes transients 
of 1/2 ms or less. 

The circuits are fully compatible with 
ElA STD RS-232, low level Fieldata and 
high and low level MIL STD 188B logic 
sisnals. 

1 .6 Measure me nts 

A. The CDA-700 Series measure directly: 
Mark and space bias distortion 
Mark and space end distortion 
Tota l pe ak distortion 
Ear l y p e ak d i stortion 
La t e peak distortion 

B. Accura cy 

+l/2~ on 10 % distortion scale 
+2 % at F .S.D. on 50 % distortion scale 
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1.7 Indicators 

Indicator Function 

Signal Indicator Lamp 
Mark Distortion Lamp 

Input signal marking 
Indicate measurement 

being made 
Indicate measurement 

being made 
Space Distortion Lamp 

l.U Meter Functions 

A. With appropriate switch settings the meter is 
used to perform: 

Mark Average Bias and End measurements 
Space Average Bias and End measurements 
Total Peak Distortion measurements 
Early Peak Distortion measurements 
Late Peak Distortion measurements 

These measurements may be selected for individual 
transitions in a code group or the average of the 
group. 

B. Peak Measurement In the manual mode, the meter 
retain the highest peak reading 
until reset manually. In the 
automatic mode, the peak readings 
are sampled at 4 +l second 
intervals. 

1.9 Physical Characteristics 

Input Power 115V +10%, 47 to 63 C/S 
30 watts nominal 

Operating Temperature Range Oto so 0 c 

Dimensions Model 770 and 771 - ll"w x 8"1 x 14"d. 
17 lbs. net wt. 

Model 780 
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SECTION II 

2.0 INSTALLATION AND OPERATION 

The CDA-7C0 Series equipments are self-contained and need 
only input and output connections. 

2.1 Connections 

Power required is 115V AC, 47-63 Hz from a 3 wire grounded 
supply receptacle. 

Signal jack is 2 circuit MIL JJ-089 and requires MIL PJ-055B 
plug or equivalent. It is used for series loop tests. The sleeve 
is insulated from chassis. 

Bridging input uses Grayhill series 29 twin plugs and jacks, 
or equivalent. These operate "LO" to ground or "HI" to ground 
according to signal level. 

External Clock uses BNC connections and requires a pulse 
of l0V negative going amplitude; PRF 200 times line operating 
speed, e.g., 75 baud requires 15.05K Hz +0.1%. Rise time less 
than 1 microsecond. Pulse length between 40% and 60% of pulse 
period. 

Dot Cycle output, via JJ-089 jack, provides a continuous 
"Space Mark" switch operation at the baud rate selected. Jack 
is insulated from ground. 

Test Points monitor the internal operating conditions and 
require a multimeter with pin plug leads or oscilloscope. 

"+15", "-15", "GND" are used to measure the DC voltages 
on the bus lines with a multimeter. 

"SIG" is provided to monitor the conditioned incoming 
signal, prior to its application to its application to 
the counters and measuring circuits. 

"SYNC" provides a rectangular synchronizing pulse of -15 
volts to ground at a recurrence frequency equal to the 
baud speed divided by the code level. 

"CLOCK" monitors the seven master crystal oscillator 
outputs at the 200X bit rate. 

2.2 Calibration 

Before using CDA-700 series equipment, check the meter 
calibration as follows: 
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1. Switch equipment on. 
2. Set and hold "Reset" switch to "manual". 
3. Check meter for zero setting and adjust to zero if 

necessary with the screwdriver adjustment "adjust" 
under the meter. 

4. Release "Reset" and set "Cal" to "on". The meter 
should read "40" on the 50% scale. Adjust with "ADJ" 
control to "40" if necessary. 

2.3 Operation 

1. Determine the type of circuit to be measured. 
2. Connect the circuit to "Bridging" or "Series" input 

according to the measurement desired. 
3. Set "Polarity switch", "Input Select", "Speed" and 

"Code Level" switches to the characteristics of the 
circuit under test. "Polarity" operates only in series 
input signals. 

4. Determine the type of measurement to be made. 
5. Set "Distortion" and "Transi ti.on Select" to coincide 

with the measurement desired. 
NOTE: 

"Reset" should be "off" except when peak 
measurements are being made. 
"Filter" should be "out" initially for 
speeds up to 75 bauds. It is switched 
out automatically at speeds above 75 baud. 

"Distortion" set to: 
"Average Bias" selects Space to .Mark transitions. - -
"Average End" selects Hark to Space transitions. - 7 
"Peak Total" selects pea.K. distortion from all tran­
sitions, Mark-Space and Space-Mark. 
"Peak Early" selects all transitions occurring early 
in a character. 
"Peak Late" selects all transitions occurring late in 
a character. 

"Transition Select" set to: 
"l" selects the first transition of the code group 
(character) of the type selected previously by 
"Distortion". 
"2" selects the second transition, ·etc. 
"all" averages the code group as an entity. 

"Re set" is used for peak measurements. 
In "manual" the analyzer reads the highest peak value 
of distortion as it occurs and holds it indefinitely, 
until reset;. by selecting "OFF". 
In "a uto" the circuits sample the peak distortion 
e ve ry 4 seconds +l second and display the value on 
the me t e r. 
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It should be noted that the number of transi­
tions available cannot exceed one more than 
the code level number of the signal. 

The meter will now indicate the distortion 
present for the conditions selected above. 
If it reads less than 10%, the meter scale 
may be changed to "-5" for increased reading 
accuracy by the pushbutton momentary switch. 

2.3.1 Auxiliary Indications 

"Mark" and "Space" Lamps 
These light automatically to show which transitions 
are being measured. When distortion is very low they 
may alternate. 
Polarity 
"Polarity" Switch 
For neutral signals the correct setting is that which 
causes the "signal indicator" lamp to flash. 
For polar signals both switch positions cause the lamps 
to flash. 

2.4 Notes on Use of Distortion Analyzer 

The four basic types of distortion are illustrated in 
Figure 3. 

Each type may be selected by the function switch of the 
analyzer and measured as an average or peak value of the sig­
nal under observation. 

By use of the transition select switch various conclu­
sions concerning the measurement may be drawn. 

(1) If early bias distortion increases as the transition 
switch setting is increased from 1 to the maximum for the code 
level, it is probable that the signal operating speed is faster 
than the analyzer speed and vice-versa. 

(2) Similarly, late bias distortion increasing with tran­
sition setting implies slower signal speed and vice-versa. 

(3) Similar conclusions apply for end distortion. 

(4) If the observed distortion varies cyclically with 
time, then lack of synchronization with the signal transmitter 
is indicated. This may be due to the machine, or probably the 
transmission system path if it includes single side band voice 
multiplex equipment which is not synchronized to the pilot 
carrier. 
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Random varying distortion would indicate noise or an inter­
mittent circuit in the system, but a check of the loop current 
should be made to see if it is adequate, but not excessive for 
the system in the series operating mode. 

Early and Late Peak Measurements 

If the readings obtained in the TOTAL PEAK position of 
DISTORTION switch are steady, early and late peak measurements 
are made to determine the type of distortion and · arnount of each. 

a. Set DISTORTION switch to EARLY. The meter will read 
the distortion occurring on both M/S adn S/M transi­
tion that is a result of early transition. Note the 
reading on the meter. 

b. Set DISTORTION switch to LATE position. The meter 
will read the peak distortion occurring on the M/S 
and S/M transitions that is a result of late transi­
tion. Note the reading on the meter. 

Comparison of a and b will indicate where the major element 
of distortion lies. This should then be compared with average 
readings for correlation and analysis. 

Bias and End Distortion Measurements 

Early peak distortion is indicative of early transitions. 
Early transitions may be the result of mark bias or space end 
distortion, depending upon whether it is the M/S transition or 
the S/M transition that is affected. Late transitions are the 
result of space bias or mark end distortion. Assume a late 
peak reading. 

a. Set DISTORTION switch to BIAS position. If the dis­
t ortion is bias distortion, the meter will read the 
average amount of distortion and the SPACING lamp will 
indicate it is spacing bias distortion. 

b. Set DISTORTION switch to END position. If the distor­
tion is end distortion, the meter will read the amount 
of distortion and the MARK lamp will indicate if it is 
marking end distortion. 

c. Lat e pe a k distortion may be the result of both space bias 
a nd mar k e nd distortion, then a reading will be obtained 
in both cases. 

d . Assume a n e arly peak reading. Set the DISTORTION switch 
to BIAS po s i t ion. If t~e distortion is bias distortion, 
the me ter will indicate the amount and the MARK lamp will 
i ndicate i t as mark i ng bias distortion. 
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e. Set DISTORTION switch to END position. If the distortion 
is space end distortion, the meter will indicate the 
amount and the SPACE lamp will light. 

f. Early peak distortion may be the result of both space end 
and mark bias distortion, then a reading will be obtained 
in both cases. 

Analyzing an Unknown Signal 

Analyzing an unknown signal requires that the following cha-
racteristics be determined. 

a. Type of signal (neutral or polar) 
b. Polarity of signal 
c. Current level (20 or 60 ma.) of a neutral signal 
d. Speed of signal 
e. Total peak distortion 
f. Arnount of bias and end distortion 
g. Amount of fortuitous distortion 
h. Presence of shaping signals 

These characteristics can be determined as indicated earlier 
and by the additional information in the following. 

1. A meter may be used to check currents of SERIES input 
signals. A 20 ma. signal will not produce measurements 
on the analyzer when the INPUT SELECT switch is in the 
60N position . A 60 ma. signal will produce readings on 
20, 20/30, and 60 positions of the INPUT SELECT switch. 

2. The POLARITY switch is used to determine correct polarity 
of SERIES input signals: on neutral signals only the cor­
rect position of this switch will cause SIG IND lamp to 
flash. On polar signals (negative marking) the polarity 
switch should be set to-, while for positive marking it 
should be set to+. Both positions will cause the SIG IND 
lamp to flash, but on 7.42 or 7.5 unit code input signals, 
the distortion will be high if the wrong polarity is cho­
sen. On 7.0 or 8.0 unit code no such indication will occur 
and the result is to cause the mark and space sensing to be 
reversed in the analyzer. Marking bias will show as spac­
ing bias and vice-versa. 

3. A large difference in speed between the incoming signal 
and the analyzer will cause erratic behavior of meter when 
measuring end distortion. 

4. When analyzing a signal of unknown speed, proceed through 
each position of the SPEED control. If the signal is one 
which the analyzer will measure, a reasonably steady meter 
indication will result. 
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5. On SERIES input signals, an indication of signal shaping 
may be obtained for neutral 60 milliampere current signal 
by using the INPUT SELECT control. 'In the 20N position, 
transitions are measured at 10 ma. level, in the 60N posi­
tion they are made at 30 ma. If the distortion is the 
same for both positions, no shaping is present on the in­
put signal. If, however, the readings differ, some shap­
ing is present. 

2.5 Maintenance 

Very little maintenance is required for the CDA-700 .series 
analyzers. 

DC Voltage 

LAn occasional check of the +15, -15 volt DC supplies may be 
made by connecting a multimeter between "GND" and "+15" and "-15" 
respectively."). 

(1) 
(2) 
(3) 

2.6 

Fuses - The fuses provided to protect the equipment are: 

Circuit Fuse Location 

115V line 1/2 amp. 3AG Front panel (left) 
Signal Series loop 1/10 amp. (3AG) Front panel (right) 
-20V line 1.6 amp. 3AG Power Supply Board 

Ineut Circuit Adjustment 

a. Four adjustments in the unit are used in alignment of 
the Series Input circuits. LAll adjustments except filter 
adjust are located on DC115 and are accessible through a 
slot in the left side of the chassis when the unit cover 

/ is removed. These controls are factory adjusted and need 
only be checked on an annual basis or when XKl is changed. \ 
The filter adjustment pot is located on PClll. ~ 

b . 60 MA Neutral Threshold Adjust PC115-Rl6 (60N)· 

The rheostat designated Rl5 on PC113 is used to adjust 
t he threshold point of the Series input circuits to 
operate when the input current of a 60 ma. neutral 
loop e xceeds 30 ma. 

Set t he I nput Select switch to 60N and adjust the steady 
ma r k cur~e nt in the loop for 30 ma. Key the loop and 
adj ust the 60N rheostat until the SIG IND light on the 
front pane l passes from an off condition to the point 
where i t be gins to flash. This sets the input circuits 
to threshold at 30 ma. 
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c. 

d. 

20 MA Neutral Threshold Adjust PC115-Rl4 (20N) 

The rheostat designated Rl4 on PCllS is used to adjust 
the threshold point of the series input circuits to 
operate when the input current on a 20 ma. neutral 
loop exceeds 10 ma. 

Set the INPUT SELECT switch to 20N and adjust the 
steady mark current in the loop to 10 ma. Key the 
loop and adjust the 20N rheostat until the SIG IND light 
on the front panel passes from an off condition to the 
point where it begins to flash. · 

20/30 .MA Polar Threshold Adjust PC115-Rl5 (20/30P) 

The rheostat designated 20/30P is used to adjust the 
threshold point of the series input circuits to operate 
when the current on a polar loop is passing through zero. 

This adjust may be made without the need for an input 
signal. Set the INPUT SELECT switch to 20/30P and adjust 
the 20/30P control PC115-Rl5 to the point where the SIG 
IND lamp can be turned on and off by rotating the control 
backwards and forwards. Leave the control set so that 
the lamp remains ON. 

e. Filter Adjust PC111-R29 (FIL) 

The potentiometer designated R29 on PClll is used to 
adjust the input circuits so that no distortion is 
introduced by the addition of the internal filter. This 
adjustment may be made with either the Series or the 
Bridging input. 

A steady source of signal having no variation in dis­
tortion (though it may have a fixed amount) must be 
~vailable for this adjustment. 

The technique used for adjusting the filter circuit is 
to adjust the FIL rheostat so that the Analyzer gives 
the same readings whether the filter is IN or OUT of the 
circuit. 

NOTE: The filter circuits are interlocked with the 
Speed control so that they cannot be inserted 
at speeds above 75 bauds. 
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2.7 Power Supply Adjustment 

There are three regulated de voltages used in the unit, 
+15, -15 volts and -5 volts referred to ground. 

The +15 volts and -5 volts are shunt regulated by zener 
diodes and may be short circuited without resulting in damage 
to unit. 

The -15 volts supply is a series regulated type fused for 
current overloads, and adjustable by means of variable resistor 
PC115-R6. The -15 volt adjustment is accessible through a hole 
in the chassis on the left side of the unit when the cover is 
removed. Test points are provided on the front panel for use 
with a voltmeter. The zener diode provides a reference voltage 
to offset the output voltage, as derived at R6, and thus provide 
a differential signal which is applied through Q2 and Q3 to con­
trol the voltage drop across Ql. 
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SECTION III 

3.0 THEORY OF OPERATION 

3.1 Basic Principles 

The initial transition of the start pulse of a character 
group is defined as the origin for time of occurrence and length 
of mark period from which the subsequent bits (marks, spaces) are 
measured. The analyzer equipment generates a set of marks and 
spaces that are precisely timed from the transition of the start 
pulse. These are compared with the incoming signal and the transi­
tion time differences measured and displayed as distortion. The 
comparison is performed by opening a gate during the interval bet­
ween the signal and its corresponding standard transition. The 
opened gate permits a pulse train, operating at 100 times the baud 
rate to enter a counter/register. The register output is propor­
tional to the time difference, and is converted to its analog cur­
rent for display on the meter as percentage distortion. 

3.2 Functional Description, Fig. I (Signal Flow Diagram) & Fig. 10 

The material that follows describes the functions of the cir­
cuits in relation to the data flow in the equipment. Detailed 
circuit operation is covered in Section IV. 

Signal Processing 

Bridging Input (Voltage) 

Bridging input signals are reduced to a fixed amplitude, 
and inverted as necessary by the setting of the Input 
Selector switch. Thus conditioned, they may be observed 
at Test Point T.P.1-PClll as a series of positive going 
2V pulses and are applied to the threshold detector which 
accepts "Bridging" or "Series" inputs. 

Series Input (Current) 

The operation of the current telegraph loop is observed by 
inserting a fixed resistor in the loop and measuring the 
resulting voltage across the resistor. The Input Selector 
switch selects the appropriate resistor for 20/30, 30 or 
60 ma. loop operation and the Polarity switch sets the 
polarity as required by the isolators that follow. 

The isolator output provides a fixed 2V output (T.P.2-PClll) 
which is applied to the threshold detector. 

Threshold Detector and Signal Repeater TPl-PCll0 

The threshold detector output serves to drive the Schmitt 
trigger which is the signal repeater. The result is a 
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series of pulses precisely timed to and corresponding 
with the incoming signal transitions. The filter is 
used to remove transients of 1/2 ms or less from lines 
operating at 75 bauds or less. 

Sample Pulse Generator 

The sample pulse generator is a flip-flop which is 
used to generate pulses for transferring the decade 
counter outputs to the shift register. It is set by 
the data signal repeater and reset by the l00X bit 
data binary counter, thereby generating one 1/100 
bit pulse at each signal transition of the type selected 
by the Distortion Switch. 

Speed Selection 

Operating speed selection is accomplished by selecting 
one of seven oscillators and dividing the output in a 
simple binary countdown chain to arrive at 200X bit 
rate. TP1-PC102,TP2-PC102. 

At this point, synchronizing circuits are inserted for 
adding or subtracting pulses to ensure coincidence of 
the internally generated bits with the data signal re­
peater transitions in the "Synchronous" speed mode only. 
TP1-PC103, TP2-PC103. After synchronization, the pulses 
are again divided by 2, TP1-PC104, preparatory to driv­
ing the 2 decade counters that feed the register and also 
generate the bit rate pulse stream. TP1-PC106, TP1-PC107. 
The bit rate stream is further divided in a 5-stage binary 
bit counter. The code level switch selects the count of 
this divider chain and automatically provides for the 
availability of transition gate signals which are selected 
subsequently by the Transition Select switch. 

The 2 decade counter accepts and counts the l00X bits and 
is reset to zero by the character reset signal derived from 
the decade counter.In its turn, the bit counter is set to 
~ount tne l X bit rate output of the decade counter and is 
reset by the code level switch for the appropriate number of 
transitions in the character. In the absence of controls, 
the 7 element decade register would continously follow the 
count of the 2 decade counter. The transfer gates act to 
hold the register at the count corresponding to the distortion 
observed. In the hold condition, the current outputs of the 7 
e l ement r egister are added in the precision resistor network, 
e . g ., R2, 8, 32 and 40, on PC108 and applied in the distortion 
i nd icator meter to be read as percent distortion. In practice, 
the early count is obtained by subtracting from 100 count (50% 
d i s tortion) by using the l's complement of the register. The 
late count is obtained by counting up from 0. 
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The transfer gate inputs control the decade registers 
so that they will only operate on the selected transi­
tion. Five conditions must be met for the transfer of 
the sampling pulses to take place. 

1. Ql will permit only early transfers. Fig. 14 
Q2 will permit only late transfers. 

2. No transfer for start M/S transition, as deter­
mined by output of the bit counter. 

3. Transfer only when permitted by transition selec­
tion period. 

4. Early peak switch selection inhibits late transfer 
pulses, similarly late peak inhibits early pulses. 

5. "Peak" mode selection inhibits all transfers ex­
cept one representing larger distortion than the 
one stored in the register. 

Peak Logic -Figures 18,19 

The peak logic circuits consist of 2 groups of 2 input 
diode "and" gates, each with a common output. One group 
controls the early peak gate, the other the late peak gate. 
The peak gate in turn controls a flip-flop, which in its 
turn controls the transfer gates (item 5 above) and permits 
the count to continue. The inputs of each "and" gate are 
obtained from a decade counter flip-flop output and its cor­
responding register flip-flop output. The inputs are chosen 
so that the register outputs normally control the group out­
put. When the counter outputs to the early peak logic group 
equals the l's complement of the register output, the early 
peak gate operates and triggers the peak flip-flop. Similarly 
the late peak group operates when the counter outputs exceed 
the l's count of the register. This permits the count to 
continue to the end of the transition. 

Automatic Peak Operation 

Peak distortion in the manual mode is recorded continuously 
by the meter. In the automatic mode, a multi-vibrator operat­
ing at 4 second recurrence value resets the registers to zero 
for a new peak observation. 

Mark-Space Indication 

The mark and space indicator lights are operated by a binary 
flip-flop driven from lX bit rate counter output, and con­
trolled by the early and late transfer gates when distortion 
is present. 
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SECTION IV 

4.0 TROUBLE SHOOTING 

4.1 General 

a. Component Replacement 

Printed circuit boards require caution in the replace­
ment of defective components. They are easily damaged by ex­
cessive heat during soldering. Use a small iron, designed for 
PC boards, and apply the hot tip to the lead of the component to 
be removed. DO NOT APPLY IRON TO FOIL. As soon as the solder 
melts remove the iron and brush excess solde~ away. Straighten 
leads and if necessary, reheat and pull the lead out. Do not 
force or twist the leads to remove them as this may result in 
damage to the foil. 

Cutting out the component and then removing ~~.e remain­
ing portion of the leads is the preferred method of c -~mponent 
removal. 

Before inserting the new component clear all holes of 
solder, by briefly heating the area of the hole and when the 
solder is melted, tap the board. Mount the component on the PC 
board by gently pushing the leads through the holes. Bend the 
leads close to the foil and clip them to about 1/8" in length. 
Solder with a resin covered solder. Remove the iron as soon as 
the solder flows into the joint and clean the joint of excess 
flux with alcohol. 

b. Repair of Printed Circuit Conductor 

If the foil conductor is damaged it must be replaced 
with a physical wire conductor. Remove the defective portion 
of the conductor. Drill two holes one at each end of the break 
alongside the foil. Insert either buss wire or insulated wire 
from the side of the board opposite that of the broken conductor, 
and bend the ends of the wire across the foil. Apply flux and 
solder. Check with an ohmmeter for continuity. 

Test Equipment Required: 

The following test equipment is required for maintenance 
and trouble shooting of the CDC 770 Analyzer. 

Oscilloscope - Tektronix Model 535A or equivalent 
Frequency Counter - Hewlett Packard Model 523B or 

equivalent. 
Multimeter 
Telegraph Signal Generator - capable of generating a 
telegraph signal with controlled amounts of distortion 
at speeds up to 4800 bits/sec. 
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d. Assembly Locations: 

CDC 700 is made up of fifteen assemblies. See Figure 2 
for a view showing their location within the units. 

4.2 Trouble Shooting Procedures 

Use of Extender Card 

The test points indicated in the trouble shooting table 
of procedure are accessible without removing the PC cards. When 
the malfunction is isolated to a card, the card may be removed 
and the card extender inserted between card and socket. The indi­
vidual components will now be exposed and may be tested with power 
on in accordance with the troubleshooting procedures outlined for 
individual elements, e.g., binary flip-flop. 

Procedure 

Table 1 sets out a logical plan to isolate PC board 
assemblies as sources of trouble. Reference to the PC board des­
criptions and the characteristics of functional elements will en­
able the fault to be further isolated to individual components. 
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TROUBLE SHOOTING PROGRAM 

ACTION 

1. Check Power Plug and 
switch "on". 

2. Set "Cal;, switch to 
"on". 

2.1 Replace lamp. 

3. Apply voltmeter "+15" 
"gnd" a·nd "-15" "gnd". 

4. Set 11 speed" to 4800 
baud. 
Connect oscilloscope 
as in Fig. 4. l0V cm 
sensitivity. 

5. Repeat 4 at all other 
speed settings. See 
Table 2 correspond­
ing. Oscilloscope 
display pulse lengths. 

OBSERVATION 

1. Indicator light "off". 

(a) Meter reads 40 (ap­
prox). Indicator light 
off. 

(b) No meter reading. 
Indicator light off. -

Light "off". 

+15V 
+l~V 

(a) Dot cycle output 
15V P/P 208 us pulse 
train. 

(b) Incorrect output~ 

(a) Incorrect output at 
one or more of 110, 
74.2,61.12,56.8,45.5, 
speeds. 

(b) Incorrect output at 
all speeds. 

6. Connect · dot cycle out- (a) No output from "Sig". 
put to "bridging" in-
put - circuit Fig. 5. (b) 8 V P/P replica of 
Speed "75" baud. Input dot cycle signal. 
selector to "+M neutral" 
Filter "out". 
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CONCLUSION/CORRECTIVE ACTION 

1. Fuse, lamp, or -15V power supply 
faulty. 

Fuse and -lSV supply good. 
Lamp and/or +lSV supply faulty. 
Proceed to 2-:-1. 
Fuse faulty - replace. 

+lSV supply faulty. Proceed Test 3. 

Confirm +lSV supply good) if faulty 
Confirm -15V supply goodJ proceed 

- Test 5 

4800 baud oscillator/divider chain 
good. Proceed to Test 5. 

Oscillator or divider faulty. Pro­
ceed to Test 5, and ·correct. 

Corresponding oscillator faulty. 
Analyze using PCl0l description. 

Divider chain faulty. Analyze using 
PC102 description, and correct. Pro­
ceed to •rest 6. 
Signal conditioning faulty. Proceed 
to Test 6.1. 
Bridging circuit good, proceed to 
Test 6.2. 

PARTS 
AFFECTED 

PC115 

PC115 

PCl0l 
PC102 

PCl0l 
PC102 

PClll 

part of 
PCll0 



I 
r 

ACTION 

6 . 1 Set selec tor t o 
" +M neutral" a nd 
change pl ug f rom 
+15 V t o - l SV. 

6 .2 Se t Fi lte r "In". 

7.0 Conne ct "dot 
cycle" output to 
"Series" jack, 
Fig. 6. "Series 
Input" switch to 
"20/30 P". Speed 
to " 7 5 " baud I I 

filter "out". 

8.0 Connect "dot 
cycle" input to 
bridging input 
(Fig. 7) speed 
to "75 baud", 
input selector 
to "+M neutral" 
Filter "out II' 
transition 
select to "all" 
code level to 
"sync". Distor­
tion to "average 
bias". 

TROUBLE SHOOTING PROGRAM 
(continued) 

OBSERVATION 

( a ) No output 

(b) 8 V P /P dot cycle 
replica. 

{a) 8 V P/P dot cycle 
(b) Incorrect or no out-

put. 

{a) No output from "Sig". 

{b) 8 V P /P replica of 
dot cycle signal. 

{a) Meter reads "O" dis­
tion. 

(b) Meter reads other 
than "0". 

CONCLUSION/CORRECTIVE ACTION 

Signal conditioning faulty, proceed 
to test 7.0. 
Signal c i rcuit good except for "+M 
neutral" component. 

Filter good. Proceed to Test 7. 
Filter faulty. Analyze PClll. 

Signal conditioning faulty. Analyze 
PC112~ and correct. 

20/30 P series signal condition is good. 

Analyzer, good, proceed to test 9.0. 

Counter circuits faulty. Proceed to 
Test 10. 

IV-4 

AFFECTED 

PC112 

PC112 
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9.0 

ACTION 

Connect calibrated sig­
nal from distortion 
test generator to 
bridge input, see mak­
ers instructions; or 
set up calibration cir­
cuit of Fig. 8. Set 
speed to 4800 baud in­
put selector to "M" 
neutral, filter "out". 
Transition select to 
"all" code level "sync" 
distortion to (1) aver­
age then (2) peak. 

10.0 Connect dot cycle out­
put to bridging input 
Fig. · 7, code level -
"sync", speed 37.5 
baud. 

10.l 

10.2 

11.0 

Transfer scope to 
TP1-PC103. 

Transfer scope to 
TP1-PC104. 

Probe to TP1-PC106. 

11.l Probe to TPl-104. 
Set scope for 10 
pulses. Transfer probe 
to TPl-106. 

~~BU§t~ §H55frNe ~ROGRM1 
( continued) 

OBSERVATION 

At 4800 bauds, meter 
should read bias dis­
tortion. Exact value 
of distortion to be 
calibrated from scope 
time base readings -
or Test generator cal­
ibration in both aver­
age and peak switch 
positions. 

Confirm 200X bit rate 
TP2 on PC102 with scope. 

200X bit rate · absent or 
faulty. 

l00X bit rate absent or 
faulty. 

l0X bit rate absent or 
faulty (erratic). 

CONCLUSION/CORRECTIVE ACTION 

Analyzer within calibration. 

Gates Ql3 or Ql4 or QlS,16; 
multi faulty. 
Repair and proceed to 10.2. 

Gate Q7 or flip-flop QS,6; 
faulty. Repair and proceed 
to 11. 

Decade counter PC106 faulty, 
repair and proceed to 11.1. 

One pulse in same time Counter satisfactory, proceed 
as 10 pulses at TPl-104. to 12. 
False count PC 106 circuitry incorrect 

check feed back loops. 
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PARTS 
AFFECTED 

PC103 
(part) 

PC104 
(part) 

PC106 

PC106 
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TROUBLE SHOOTING PROGRAM 
(continued) 

ACTION 

l ~l2 . Probe to TP1-PC106. 

12 .1 Tr a n sfe r probe to 
TPl··PClOS. Set scope 
fo r 10 pulses. Trans­
fe r probe to TPl-106. 

:13. Transfer scope sync 
to TP1-PC107. Probe 
to TP4 (Sync) front 
panel. 

OBSERVATION 

lX bit r a te absent or faulty. 

One pulse in same time at 10 
at TPl-PCl0S. 
False count (regular) 

1.6 bit (8 x 1, 8 x 0) absent 
or faulty. 

·1 4 . Connect dot cycle out- (a) Meter shows steady reading 
put to bridge input - other than 0. 
Fig. 7. Speed - 75baud, (b) Meter shows fluctuating 
select "+M neutral. • 
Transition "all". reading. 
Code level - "sync". 
Distortion - "Average 
Bias 11

• 

14.l Distortion to "Peak (a) Meter fluctuates. 
Early" 
,0istortion to "Peak (b) Meter fluctuates. 
Late" 

14.2 Distortion to (a) and (b) occur. 
"Average End" 
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CONCLUSION/CORRECTIVE ACTION 

Decade counter PC107 faulty. 
Repair and proceed to 12.1. 

Counter satisfactory, proceed 
to 13. 
Counter faulty - check feed 
back loops, correct, proceed 
to 13. 

Bit counter PCl0S faulty. 
Repair and proceed to 14. 

Register flip/flop faulty. Ana­
lyze PC108, 109 and correct. 

Early or late gates register 
faulty, analyze and correct. 

Early gate and register p·eak gate 
faulty, analyze and correct. 
Late gate and register or peak 
gate faulty, analyze and correct. 

Register or peak gate faulty, 
analyze and correct . 

PARTS 
AFFECTED 

PC107 
(Part) 

PCl0S 

PC108 
PC109 
PCll0 
PC104 



ACTION 

15.1 Voltmeter between 
ground fuse 

15.2 Voltmeter between 
ground and output TP. 

15.3 Bypass Ql with elip 
lead from fuse to 
output 

15.4 Remove slip lead, 
check voltages on 
electrodes Q2 and Q3. 

TROUBLE SHOOTING PROGRAM 
(continued) 

OBSERVATION 

15 - 20V (depending on 
load) 

(a) 15V, varies with set-
ting of R6 

(b) Low voltage 

6.8V between center point 
RS and ground 

Out .:>f tolerance 
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CONCLUSION/CORRECTIVE ACTION 

Transformer/rectifier good 

Supply good 

Proceed to 15.3 

RS, zener diode good. Proceed 
to 15.4 

Transistors faulty, replace. 
Proceed to 5.0. 

PARTS 
AFFECTED 

,, 



TABLE 2 

DOT CYCLE OSCILLOSCOPE PRESENTATION 

SPEED TIME (t) 

4800 208us 

2400 416us 

1200 833us 

600 l.66ms 

300 3.33ms 

150 6.66ms 

110 9.0ms 

75 13.3ms 

74.2 13. 5ms 

61.12 16.4ms 

56.8 17.6ms 

50 20ms 

45.5 22ms 

37.5 26.6ms 

L 
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4. 3 Printed Circuit Board Descripti•ons 

Oscillator-PCl0l Fig. 11 

The oscillator board contains 7 modified Hartley crystal 
oscillators to provide the clock drive for the analyzer. The 
waveforms may be observed at TPl on PC102 Fig. 26. If there 
is any doubt about the frequency, it should be checked with a 
frequency counter having an accuracy of 1 part in 10° or better. 
The trimming capacitor should be set to trim the frequencies to 
those shown in PCl0l functional schematic drawing Fig. 11. 

Bit and Dot Cycle Generator-PC102 Fig. 12 

The oscillator input is applied at Es to a buffer Ql, and 
then to both divider chains. ICl and IC2 divide by 256 and pro­
vide outputs . for use in the counter and gating circuits. IC's 
3, 4, and 5, divide by 400 and provide drive to the Dot cycle 
switch Q3, Q4. This switch will accept a 60 ma. current through 
Jl-T and Jl-R. TP2 shows a 5V P/P waveform at 200X baud rate 
selected. TP3 shows 5V at the Dot cycle rate. (Table 2) 

Synchronizer-PC103 Fig. 13 

Figure 10 Logic Diagram and Figure 38 for waveforms. 

The synchronizer consists of three monostable multivibrators 
Q5, 6; Q7, 8; and Ql5, 16, four binaries Ql, 2; Q3, 4; Q9, 10; 
and two gates Ql3 and Ql4. 

The 200X bit rate timing signal from the divider passes 
through gates Ql3, Ql4 and monostable Ql5, 16; for both, start­
stop and synchronous operation and is the basic timing for the 
analyzer. To lock the internal timing signal of the analyzer 
to the phase and frequency of the incoming synchronous signal, 
timing pulses are either added to or subtracted from the 200X 
bit rate timing signal. The sync~ronizer tracks only the S/M 
transitions of the incoming signal. Whenever the S/M transi­
tion is not in phase with the bit rate interval timing, a cor­
rection is made to the 200X bit rate timing signal. If the 
transition is early, a pulse is subtracted by ~9; 10; to delay 
the internal timing; and if the transition is late, a pulse is 
added by Q5,6. Thus the internal timing of the analyzer is 
adjusted to that of the incoming signal. However, the baud rate 
of the internal baud rate of the analyzer to pull in properly. 

Adding A Pulse - (line 5 through 12 of Figure 38) 

A replica of the input signal, which has an inverted polarity 
to gnd on Space is connected to a voltage divider made up of R25 
and R26. Capacitor Cl2 provides equalization. The output of the 
voltage divider is used to trigger binaries Ql,2; and Q9,10i which 
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of these two binaries will be triggered by the M/S transition 
of the incoming signal depends on the condit£on of the Early 
and Late bit rate bit rate timing signals at the time of the 
M/S trigger. The Late timing signal, positive during the first 
half of a bit, is connected to the trigger resistors of Binary 
Ql,2. When the internal timing is late, the incoming M/S tran­
sition causes Ql,2; to change state. 

Every second change of Ql,2; triggers binary Q3,4; to pro­
duce a positive output. This positive output triggers the oscil­
lator timing 200X bit rate signal from Ql3 to trigger monostable 
QS,6. The trigger occurs 180° out of phase from the timing sig­
nal, from Ql4 which triggers monostable QlS,16; the Q6 output of 
monostable QS,6; triggers the second input to monostable QlS,16; 
thereby adding a pulse to the 200X timing signal between the nor­
mal pulses. The QS output of monostable QS,6 resets 3,4; to pre­
pare it for the next ADD command from binary Ql,2. 

This process of adding pulses is continued until the inter­
nal timing is no longer occurring late with respect to the M/S 
trc..nsition. 

Subtracting a Pulse Lines 13 through 17 Fig. 38 

The subtract circuitry consists of binaries Q9, 10; and Qll,12; 
and gate on PC105. 

When the internal timing is early with respect to the M/S 
transition of the data signal, Binary Q9,10; is triggered. Every 
second change in state of Q9,10; produces a trigger for binary 
Qll,12; causing Ql2 to go negative. This negative signal is con­
nected to one input of stop gate on PC105 and prevents timing 
signals from passing through the gate. This lasts for one count 
only, since the Ql5 output of QlS,16; resets binary Qll,12; to 
eliminate the negative signal at Ql2. This reset occurs as shown 
in Figure 38 and results in the deletion of one and pulse from 
the 200X bit rate timing signal for each positive excursion of 
binary Qll,12. 

The maximum correction rate is 1/400 bit per bit and requires 
a complete dot cycle. 

Transfer Gates Fig. 39 and lOOX Bit Generator-PC104 Fig. 14 

The sample pulse is AC coupled to 
o f s a mpling pulses through these gates 
input elements: 

1. Ql,Q3 will pass only transfers 

Q3,Q4 will pass only transfers 
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gates Ql and Q3. The passage 
is then controlled by five 

occurring EARLY] as determine. 
. by Xl bit rr 

occurring LATE output of de 
cade counter 



2. No transfer will pass for the Start transition 
(first M/S in a character) - the inhibiting signal 
comes from bit counter output. 

3. The TRANSITION SELECT diode gates CRl through CR4 
restrict passage of transfers to the selected time 
interval. 

4. For EARLY PEAK operation no late transfer pulses will 
pass through Ql. 
For LATE PEAK operation no early transfer pulses will 
pass through Q3 . 

5. For all peak operation the output peak Flip-Flop PCll0 
will prevent transfers from passing through Ql or Q3, 
unless they represent a distortion higher than that 
already stored in the Register. 

The surviving Transfer pulses are those selected for mea­
surement. They are passed through the inverter driver gates 
Q2 and Q4 before triggering the Register. 

The transition select gate, CRl through CR4 is selected 
by the switch to produce a positive enabling signal of one bit 
duration, starting 1/2 bit before and ending 1/2 bit after the 
proper transition time for the selected transition. This allows 
gates Ql and Q2 to pass sampling pulses only during the selected 
transition interval. 

l00X Bit Generator 

The binary Q5,6; divides the output of the gate Q7 by two. 
Gate Q7 is controlled by a stop pulse generated by the bit 
counter and the input signal in Start/Stop operation. In synch­
ronous operation, the subtracting output from the synchronizer 
i s operative to remove pulses from the stream. 

Bit Counter and Timing Control-PC105 Fig. 15, Fig. 40 

The bit counter consists of 5 binaries Ql,2; Q3,4; Q5,6; 
Q7,8; Q9,10; and 3 gates Qll, Ql2, Al3. 

The zero output of the Xl bit counter is applied through D 
to drive the bit counter through a sequence set by the transition 
select switch. It creates a 1/2 bit offset at the beginning of 
each character. The decoded output is a pulse 1 bit wide equally 
spaced about the selected transition. The counter output stages 
are connected through the Code Level switch to gate Qll to gene­
rate a negative stop pulse. This is inverted in Ql2 to drive Ql3 
and provide reset to the decade counter. Ql3 is also controlled 
by the data signal repeater so that when it changes to start 
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(M/S transition) the bit counter is reset. In synchronous ope­
ration diodes CR15, 16, 17, serve to inhibit the timing signal 
and also allow subtract pulses from the synchronizer to eliminate 
excess bits. 

High Speed Decade Counter-PC106 Fig. 16 Fig. 39 

High Speed Decade Counter-PC107 Fig. 17 Fig. 39 

These counters are basically identical synchronous binary 
decade counters cascaded to divide by XlOO. PC107 provides the 
final bit rate output to the bit counter and elsewhere. The 
input is XlOO bit pulse stream from PC104 bit generator. The 
outputs of each binary are applied to the corresponding register 
b inaries, and are reset by the character reset pulse generated 
in the bit counter gates. 

Distortion Indicator Register-PC108 Fig. · 18 Fig. 41 

Distortion Indicator Register-PC109 Fig. 19 Fig. 41 

These two boards correspond binary for binary to the high 
speed decade counters and register both the decade counter count 
and its complement. The first seven elements supply current for 
the digital to analog summing network to the distortion meter. 
The eighth controls (Xl bit rate) the mark and space indicator 
lights. The register readout to the summing network is controlled 
by the early and late transfer gates which transfer the counter 
binary states to be held by the corresponding register binaries. 
~ e transfer transfers the count and Earl7 transfer transfers the 
com ement. This automaticahy-- ensures- h a t the•-met er current cor­
respon s o the distortion D and not (50-D) regardless of whether 
b ias or end distortion is being observed. A pulse from the astable 
4 second multivibrator on _R_CA10 provides reset t o o for reading 
pe a k dis t ortion automatically. 

Peak Transfer Control-PCllO Fig. 20 Fig. 39 

This board contains 3 separate circuits. 

Automatic Reset Multivibrator Q5;6; 

This provides a pulse every 4 seconds for resetting registers 
to zero when automatically sampling peak distortion. 

Data Signal Repeater Ql,2; and Sample Pulse Generator Q3,4; 

The da t a signal repeater is a Schmitt trigger binary which 
provides a fa st rise time replica of the data signal to be analyzed. 
Th is e nsures accurate transitions even though the signal may have 
low fre quency components that create a slow rise time. 
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The sample pulse generator provides short pulses corres­
ponding to the mark and space transitions generated by the sig­
nal repeater. These pulses operate the gates to the counting 
circuits. 

Peak Transfer Control 

This consists of two gates Q7, Ql0, driving a binary Q8,9. 
Q7 gate is controlled by early transfer, Ql0 by late transfer. 

Each has an input derived from a peak logic summing network in 
the register. Each network consists of a group of 7 gates each 
consisting of two diodes and one 16K ohm resistor, with common 
output, e.g., (PC109-D-Rl8,19,31 and PC108-N-Rl5,19,47,48). These 
function as "AND" gates. The 2 inputs to each gate come from 
the counter and register respectively. When the counter exceeds 
the register, the sum opens the gate and the flip-flop generates 
pulses which are fed to the transfer gates until the register has 
caught up to the new peak count, which is then held by the regis­
ter for readout on the meter. 

Bridging Input Circuit-PClll Fig. 21 Fig. 40 

Bridging input signals are reduced to a conL~on P/P ampli­
tude at the junction of R2 and R4. Depending on whether polar 
or neutral signals are present, bias to amplifier Ql is added 
to compensate. The signal is switch selected at the inverter 
gate outputs Q2, Q3 for positive or negative marking sense, and 
applied to Q4 to provide a positive going signal for subsequent 
conditioning. 

Q5,6 is a threshold detector which accepts bridging or 
series signals and provides fast transitions at mark or space. 
Its output passes to the digital filter Q7,8 which removes tran­
sients of less than 0.5 ms and is only in circuit for signals 
ope rating at 75 baud or lower speeds. The filter is adjusted by 
R29 so that at 75 bauds the same waveshape is observed at Y re­
gardless of whether the filter is in or out of circuit. The 
filter output passes to the data signal repeater or PCll0. 

Power Supply Fig. 22 

There are three regulated de voltages used in the unit, 
+15, -15 volts and -5 volts r~ferred to ground. 

The +15 volts and -5 volts are shunt regulated by zener 
diodes and nay be short circuited without resulting in damage 
to unit. 

The -15 volts supply is a series regulated type fused for 
current overloads, and adjustable by means of variable resistor 
PC115-R6. 
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4.4 Functional Elements Fig. 50 through 53 

The following material indicates tests and methods for 
isolating faulty components. The figures show typical circuit 
configurations. 

Binaries (flip-flop) Fig. 50 

If the flip-flop circuit is de stable, grounding the 
bases of Ql and Q2 alternately will cause the circuit to flip 
back and forth between its two stable states. A second check 
involves the ac trigger circuits each consisting of a capacitor, 
resistor, diode combination. There is at least one trigger cir­
cuit connected to each transistor base. Apply a signal to each 
input in turn to check the collectors of Ql and Q2 to determine 
which one is at ground and does not turn off. The trigger cir­
cuit associated with that transistor is suspect. The most pro­
bable cause of trouble is a defective diode. A volt-ohm meter 
in the circuit will show the forward resistance of a good diode 
to be under 20 ohms, while the t everse resistance will normally 
be in the range 200K to 400K ohm- . 

PNP Gates Figure 51 

If a gate is found to be not operating check the base wave 
form on the oscilloscope. For the transistor to saturate the 
base must be negative about -0.2 volts with respect to the emit­
ter and to be cut-off the gate must be positive (and about 1 
volt). If either one of these conditions exits st~adily then the 
gate collector will stay at the appropriate voltage without chang­
ing and the inputs to the gate should be checked. A base voltage 
more negative than -0.2 volts with respect to its emitter indi­
c a tes an open circuit. 

To determine whether a transistor which is saturated is 
defec tive , short the base to the emitter; this should cut the 
transistor off, producing a negative voltage at the collector. 

If the defect keeps the gate always cut-off, check the for­
war d r esistance of transistor base to emitter and base to col­
l e c t or j unctions for an open circuit. 

Monostable Multivibrator Fig. 52 

A monostable multivibrator is similar to a Binary except 
that it has only one stable state. The stable condition is Ql 
conducting and Q2 "off". To determine whether the circuit is de 
stabl e , ground the base lead of Ql to turn it off. The collector 
o f Ql should go negative and the collector of Q2 should go to 
ground . If Ql doe s not turn off, (1) it may have an internal 
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collector to emitter short, or (2) the collector is grounded 
externally. If Q2 does not turn on, going to ground, it may 
have a base to emitter open or a base to collector open. Open 
circuits between collector of Ql to base of Q2 are another pos­
sible cause. The de check, therefore, will locate faulty tran­
sistors, resistors or connections within the monostable circuit. 

The other source of trouble can be the ac triggering cir­
cuit made up of a capacitor, resistor, and diode. At leas~ one 
such combination is connected to the base of Ql. The most pro­
bable trouble is a defective diode. 

Schmitt Triggers Fig. 53 

Since a trigger has two stable states controlled by the 
input signal level, the first check outlined for the binary is 
applicable. 
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SECTION V 

WARRANTY 

Circuit Data Corporation, hereinafter referred to as Circuit 
Data, warrants the equipment (except tubes, semi-conductors, 
fuses, lamps, batteries and articles made of glass or other 
fragile or other expendable materials) purchased hereunder 
to be free from defect in materials and workmanship under 
normal use and service, when used for the purposes for which 
the same is designed, for a period of one year from the date 
of delivery F.O.B. factory. Circuit Data further warrants 
that the equipment will perform in a manner thereto accompa­
nying the formal equipment offer. 

Circuit Data will replace or repair any such defective items, 
F.O.B. factory, which may fall within the stated warranty 
period, PROVIDED: 

1. That the defect is not the result of damage incurred 
in shipment from or to the factory. 

2. That any claim of defect under this warranty is made 
within sixty (60) days after discovery thereof and 
that inspection by Circuit Data, if required, indi­
cates the validity of such claim to Circuit Data's 
satisfaction. 

3. That the equipment has not been altered in any way 
either as to design or use whether by replacement 
parts not supplied ·or approved by Circuit Data, or 
otherwise. 

4. That any equipment or accessories furnished but not 
manufactured by Circuit Data, or not of Circuit 
Data design, shall be subject only to such adjust­
ments as Circuit Data may obtain from the supplier 
thereof. 

Electron tubes or semiconductors furnished by Circuit Data, 
but manufactured by others, bear only the warr~ntr given by 
such other manufacturers. 

Circuit Data's obligation under this warranty is limited to 
the repair or replacement of defective parts with the excep­
tions noted above. 

At Circuit Data's opt~on any defective part or equipment which 
falls within the warranty period shall be returned to the 
factory for inspection, properly packed with shipping charges 
prepaid. No parts or equipment shall be returned to Circuit 
Data unless a return authorization is issued by Circuit Data. 
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No warranties, express or implied, other than those specifi­
cally set forth herein shall be applicable to any equipment 
manufactured or furnished by Circuit Data and the foregoing 
warranty shall constitute the Buyer's sole right and remedy. 
In no event does Circuit Data assume any liability for conse­
quential damages, or for loss, damage or expense directly 
arising from the use of Circuit Data Products, or any inability 
to use them either separately or in combination with other 
equipment or materials or from any other cause. 
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OPERATING AND SERVICE MANUALS 

A manual is supplied with each new instrument. Extra manuals 
for Circuit Data instruments are available at reasonable cost. 

MAINTENANCE AND REPAIR PARTS 

PARTS IDENTIFICATION 

Every Circuit Data instrument manual has a "Table of Replace­
ment Parts" to make it easy to identify parts. Parts are 
identified wher~ possible, by JEDEC number or manufacturer's 
part number minimizing any possible confusion resulting from 
"CIRCUIT DATA-ONLY" part numbers. 

If further assistance is required in identifying replacement 
parts, call Circuit Data sales office. 

ORDERING PROCEDURES 

REPAIR PARTS 

When ordering a replacement part or spares, please specify 
(1) Circuit Data or other part number, as appropriate, (2) 
its complete name as indicated in the "Table of Replacement 
Parts". Since the characteristics of any given component 
may have been altered in subsequent production changes, take 
this information from the Operating and Service.Manual origin­
ally received with the instrument. An order for a part with­
out the stock number, mus-t include the instrument model and 
serial number, a complete description of the part and its 
location within the instrument. 

REPAIR SERVICE 

Circuit Data will repair any defective instrument which may 
within warranty. Transportation costs will be paid by the 
user. Instruments that have exceeded the warranty period 
will be repaired at the customer's expense. 

NEW EQUIPMENT 

Please specify the catalog model number, and the name of the 
instrument. To prevent misunderstanding, include significant 
parameters and modifications to the standard specifications. 
Whenever special options or features, such as color, non­
standard power line voltage, etc., are required, include 
specific details. 

PRICE AND DELIVERY INFORMATION 

Please consult Circuit Data sales office for prices and current 
delivery information. Circuit Data reserves the right to 
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. models or prices without 
'f'cations designs , ch changes. Quoted prices 

cha~ge spnedc~i~hout li;bility for su 
notice a 
are firm for 60 days. 

to Circuit Data C~rporation 
Orders should be addressed 145 Michael Drive 

Syosset, New York 11791 

SHIPPING AND DELIVERY 

New York in non-returnable ship­
Terms are ~.o.B., Syosse~, d crate packaging is available 
ping containers. MIL an woo t will be shipped in accord­
at additional cost. Instrumf etnhesorder Circuit Data will 

· th our acceptance o · , 
:~~=dr~e delivery to meet requirements wherever possible. 

PAYMENT 

Terms of payment in the U.S.A. a~e net 10_ days. Unless credit 
has already been established, shipments will b7 made ~.O.~., 
or on receipt of cash in advance. Shipments will be invoiced 
at prices in effect at date of acceptance of order unless 
otherwise agreed to in writing. 

TERMS FOR INTERNATIONAL SALES 

An irrevocable letter of credit confirmed by a New York City 
bank is required, payable against shipping documents. Ship­
ping is F.O.B., Syosset, New York. The buyer agrees to pay 
all shipping charges and any additional costs such as insur­
ance, duties, taxes or fees incurred in connection with export 
from the U.S.A. or import into a foreign country. An import 
certificate should be sent with purchase order in order to 
expedite our obtaining an export license when necessary. 

V-4 



115VAC 
S0-60 CPS 

POWER 
SUPPLY 

L 

INPUT 

+15V DC 

0 

-15 V DC 

CIRCUIT SELECTOR 

+M NEUTRAL 
-M NEUTRAL 
+M POLAR 
-M POLAR 

CONDITIONING 
GATES 

' ~ ~ 
ISOLATOR 

I 

I 

-;-400 ·0 

!DOT CYC 

PCIIO rPI 

PCl02 

SIG 

rl I ~ /': · { r! 
(' -r ,'l 

TPI 
PC106 

D 
ASSEMBLY 

PEAK FUNCTION 
FLIP-FLOP 

LEGEND 

□ FRONT PANEL 
APPEARANCE 

GATES 
PEAK 
LOGIC 

9 
TEST 

POINT 

PEAK 
SAMPLING 
CONTROL 

4 SEC 
MULTIVIE!RATOR 

SIGNAL FLOW 
DIAGRAM 

FIGURE 



1-------+ISV DC 
115VAC POWER 
50-60 CPS · SUPPLY!----+--<,---- O 

l---➔--1--►----15 V DC .____ l 
116 . , )II 

INPUT I 
CIRCUIT SELECTOR! 

+M NEUTRAL 

11 BRIDGING I: - -M NEUTRAL M CONDITIONING 
::: + M POLAR GATES j INPUT , -M POLAR - - --, 
' r 20/30 POLAR ~ ~ 1 I LOOP 

11 

l 60 MA NEUTRAL '----3, ~~~fff I LRESISTOR 
' 

20 MA NE~!RA':_ ISOLATOR 

[DOT CYCLE SWITCH 

SIG 

() 

TRANSFER 
GATES 

TPI I " 1" ' -r bVERAGE-PEAKJI F--, 
PCIII ~SWl~CH II DISTORTION _ ELECTOR ""'""' 

EARLY 

L,/ 

TP2 
PCIII PCIIO rPI 

~TI I I 
I SIGNAL [_ I SAMPLE I 

L.-..j-,,..,,..,.-Y..-..L,--il--+-~IREPEATER II GE~~~~fOR I,___,_,. 
FiCiER T / \ 

!
MARK SPACE I 

LAMPS 

IA 

PEAK FUNCTION 
FLIP FLOP 

~---1'------+----+--+---+--- ··- - ~ -----t-~7'-I--G::..;A.cc.T..=E.c.S_--l 

, \ 

I icoDE LEVEL I 

11 S~LECTION I 
~WITCH 

1 , 

PEAK 
_....:, LOGIC 

,-1 I ~ f .i { t) I FLIP-FLOP e---+--+---+-----+-------t----, 
,, ·r vl.. 

oTP' ~ PCIOG PCI07 

TRIGGER TRIGGER 
GATE GATE II 

\V J ANALOG 

1
2 DECADE 11--1-~ CURRENT 
REGISTER I 'I NETWORK 
1r. I\ 

DECADE DECADE I Bl T l!--·-----------__;1----+-t-+-- -----' 
COUNTER - ~ - COUNTER e-----------ilCOUNTER I 

I I i\ l 

D 
ASSEMBLY 

I ~,+----·-­~i 

LEGEND 

□ 9 
FRONT PANEL TEST 
APPEARANCE POINT 

. I CALIBRATION ! I 

-J,0 
~ DISTORTION I I METER 

PEAK 
SAMPLING 
CONTROL 

4 SEC 
MULTI VIBRATOR 

SIGNAL FLOW 
DIAGRAM 

FIGURE 



Q 
I 

:.,.., 

r:@ 
I 
I 
I 
I 

I 

I 
I 

I .(? 

+ 

+ 

I· j 
!! 
I 

~ 
A 
T 

07 

0 

0 

r.,~ 
. / 

0 

(D 
rz 

A 

T SEE- SHE'E-1 '2. · 

ITEM DRAWING OR 
NO. PART NO . 

I 77000·1 

2 700 14 

3 PC79 0014 

• C790D1 S 

s 8000 1 

6 AM 

7 70001 

8 CAJ OS 

9 I 3027 

ID N159 5 

II 32-2 1-03 - 0-18 " 

12 32-31-05 -048 

13 780003 ' ., 70 001 2 

15 P C79000 1 

16 PC7 90002 

1 7 P C 79000J 
18 P C79 000-I , 

19 PC79 0005 

2 0 P C 79000G 

2 1 PC790007 ' 

22 P C79000B · 

2 3 P C790009 

2• ..., OOulu , 

25 P C7!1 0011 ' 

26 

2 7 P C7900 16 

2 B CH / C/ 10 037/3 
2 9 I S R- 61 .. 
30 

3 1 No, 6 - 32 x 1/2 Lg. 

32 No. 6 · 32 x 3/8 Lg. 

33 No , 6 - 32 x 1/ 2 Lf:'. , 

34 No. 6 - 32 x 5/16 Ls: . 

3 5 No . 6 

36 No , 6 

37 No . 4 - 40 ,i 1/ -1 Lg, 

38 No. -I 

30 No , 4 

4 0 MK - 15 

, 1 WH-7 80000 

MILITARY QTY 
DES I C D£SCRIPTION SPEC ~""~~-

RE!iARXS 

CHASSIS I 

CAGE ASSEMill .. Y I 

BD PRIHTt:D CIRCUIT ·,~IR . AS SY I 

POWE R SUPP LY BO. ASSEMBLY I 

PANE L, F RONT ASSEM BLY I 
YAI SOCKET. 0 PIN I INC R MFG. 
Tl TMNSFORMER, POWE R I 
CRl RECTIFIER I 
QI TRANSISTOR, PW R, P NP I MOTOROLA 
CR2 DIODE I 

T E RM. STRIP 13 PTI 2 l?-.CII MFG. 

T ERM. STRIP (5 PT) I I NCH MFG. 

C HASS IS WE I.OMF.NT ASS 'Y. ' 
XAI S F.RI ES INP UT MODULE ASS ' Y, I 
PC 101 P. C. CARD ASSEMB LY I 
PC102 P. C. CA rtD ASSEMB LY I 

PCI03 P C CARD ASSEM Al.V ' PCI04 P. C. CARD ASSEM BLY I 

PC I 0S P. C. CARD ASSEMBLY I 
PC1 06 P. C . CA RD ASSEMBLY I 
PCID7 P.C. CA RD ASSEMBLY I 
PC108 P. C. CA RD ASSEMB LY I 
PCI0!J P. C, C.\ RD ASSEM BLY I 
PC IIO P.C. CARD ASS E1\1BLY I 

PClll P. C. CA RD ASSEM BLY I 

PCllG P. C, CA RD ASSEMB LY I 

CARD P ULLER IREFI 13 \ 'E RO 
BUS HI NG. SNAP (NYLON) I HAYCO 
CORD, A.C. I 6 F t . Lg. 
SCREW. P H. HD. • 
SCREW. FLAT HD I 

SCREW. BO. HD. ' SCREW. BO. HD. ' WASHE R. LOCK II 

NUT . IIEX 7 

SCREW. BD. HD. ' WA SHER. LOCK ' Nt'T, IIEX • 
POWER TRANSISTOR MOUNT ING I UOTO ROLA 

KIT 

WI RING 1111.RllESS ASSY l 

FIGUF-.E 2 



f, TART ..... I _ __. I MARK 

SPACE 

~uh 
-.i lf-s1As EARLY I 

I 

ii iL 
-.i l+BIAS

1
LATE~ '4-

1 I 

n: I .__ _ _, I 

.., ~END EARLY 

!LJ 
-+j i4-END LATE 

FIG #3 DISTORTION DIAGRAM 



+1sv ocO-----'ooor CYCLE JACK 
'v 

GRD 

SCOPE 
'---------u VERTICAL INPUT 

------.------~GROUND 

+15 V ocQr---------<ODOT CYCLE JACK 
'v 

GRD 

Qlo ('Hi 
'--' 

GRD 
-=- BRIDGING INPUT 

I SCOPEJ 

TEST CIRCUITS 

0''SIGNAL'' 

~GRD 

FIGURE 4 

FIGURE 5 



470....rL + 15 Y DC J--,J\IVVL-' SE RIES JACK ,--(~_;__;::...&...CLE 
l/2W . n -~ JACK 

\; 

? 
I SCOPE J---.--~~':SIGNAl'.' 

.J:: 1, RD 

GRD 

FIGURE 6 

+1s v ocO oor CYCLE JACK 

GRD 

Lo I H; 
0 

BRIDGING INPUT 
GRD 

TEST CIRCUITS FIGURE 7 



ICOOO l>.P 

IK 

+15 V DC0---,1y-..J.,• , • • I I 
2.5K 

GRD 
-=- IN751A 

MONO-MULTIVIBRATOR 

0 : ..! 1; <'. c- 9 
- u~1.-

Hi 

ALTERNATE 
POINTS FOR 
TESTS 

SCOPE QLo 
J • I ~VERTICAL INPUT 
BRIDGING 

GRO INPUT 

THIS CIRCUIT IS NOT OF HIGrl ACCURACY, UNLEs ·.:, CALIBPATED INDEPENDENTLY. 
IT SHOULD BE US[D ONLY FOR FIELD CHECK. 

CALIBRATION CIRCUIT FIGURE 8 



DOT CYCLE OUTPUT _J 

ONE SHOT OUTPUT N<? I 

ONE SHOT OUTPUT N?2 

I 
I 

I 

I 

I 
I 
I 
I • 

L 

DISTORTION IS APPROXIMATELY 25 %, CALIBRATE AGAINST 
SCOPE Tl ME BASE AT BAUD SPEED '' '1 

CALIBRATOR 
TIMING DIAGRAM FIGURE 9 



- ·-

I 
I 
! 

! I 
I - -r . . . ,--

S\'STEM LOGIC DIAGRAM 

FIGURE 10 



o--+­
o---
LU]_ 

R'l. 
RI 
IOK 

MPSC.7?,I 

R4-
"\ ."'!>K 

C4 
,IUF 

O£.c.l ll P..10 Q.-¾ \ 
.I 

(, RtOtl l 

N01ES'. U\Jlt.5'.> OTlll:RvJl"'lE :SPE.Cli'\Hl. 

I, ALL R£~1ST6~S P.~t. IIJ O"MS 1 1/4 W '!: SOf. 

2. O.Ll CAPACl'TOKS VALUES t>.H IIJ PF' 

C'Z. 
CKOt. 

1
,IUF 

RC. 
:l,>K 

Ri 
10 

OK ~I tss e14) I C 

1:,0SC \l I (so; 014-) 8 

DSC~ '2. 

~i~t~~~4, ce ;, ,e 4 
Q',,Q4 

D~C.-11'3 y~ 
RISi~RUnt '2.St. 1-111! 
C9,c10.rn,c1z.,c~s, cu, 
c..;, I)" 

osc -!t4 Y 4-
R1t·rn1tu 11.1.12,----z.qoeu. Mll¾e 

Cl3,C14, Clf, CII, J Lt"'I, Ci£ 
.__a_1""'1_a_a _____ _ 

O':iC.1¼5 
RH llltU lt~'I" l.,t.4t.1 HH<e 
Cll, (l80 Cl1 0 C10 CR.'I, CQIO 

c.q, G.10 

OS.t -1\o-G:, Yl. 
R;r. lllRU ll.4-"Z 1.11'1'!,1. t-1111 
rn.cu, ct ¼~C-Z~ cR.11,cRrl. 

~11, Cil\1. 

OSC.-1\,l Y7 
R43il-lRU l.49 ___ "Z.B\Co 1-11\l 
C15",P~. ,~,. c18,CRl~.,u~ 

Q\';,,()14 

D'Sl -ll-Z. lS'I" E"I.) 1 E" 
l 

E Q<;C. ;.1. (SSO'l\ D I 

osctn (~SE?) 
H I 

EOSC·tP, (SS 03\ 
IF I 

asc ~4- (SS E4-\ 1 N I 
EO'>C 1► 4 (SS O.,_ 

L I 

OS~-t!S Css E'il T I 
Eoc;c 11s Cs'5 osl s I 

O'iC11G, ('½ Ee;.) 

" I 

EO'SC'ltt. (s;oc;.\ IJ I 

OSC-lr"'I (!.See' 1 y I 
EO~C ssi (~,j)~ w 

FIGURE II 



0---+•sv 

R":. I 
,51,Y·pl 

'--------+---_.......,/\,1\/'---,► -'iV 
Cl. 

9 

tC1 

IIICB?>'IP +I( .. 
II 

T➔ ,z,?.A _L 2~.) 

14 

4 

• .....-.=. 

1:C'l. 
14 NCB~':IP 

c.. +1c.. 
9 II 

'7 

4 

-:-'2-S-1, ~11l! -:-"4 f3'2 fir. ..-a f4-. .;.,i 

e, J p L 
{SS f8) CSS" flO) (SS Fl?,) 

,---'---, 
K C M IJ 

(s~ f4-l (S5 f':11 

~ \l~\.'cSS hi\\Ell\l\~E SfElll'1EO '. 

I.ALL llESl~T011."> l/4W !:5¼ 

'2.00~ BAUO 

('5'i FIG.) 

R 

'TP, 
2oolf... 0AU0 

COMl'al<IEIJ'TS NOJ USEO 

Ceo 

10 

14 

5 

l.;4-ool 

Cl?. h\PSr.S"?>I 

cu. 
IU~l4 

NCB~9P 

/oi----------1 
9 II 

CB 
1111914 

es 

, 

?,.~I( 
:+--+---11---+-----v·v·v~---+•~ 

C[4-
IU914-

res 
14 

FIGURE 12 



0--► .... ,sv 

~ - I 5 V 

[Th_ 

8 1,r & Tc-

Zoo,r &..to IV 

MOTES 

R2 
30~ 

~ 3 
30K 

"tlSV 
-t-•SV 

0 
82 

.::.a 
II( 

R5'<1" 
IK 5" 

- 15 Y 

·'it tlSV 

Q16 
ZJ'.t6JS 

i IJILESS 0111£RWISE SPECJFIED: 1 .Al1. RESISnlRS IK S.JIELOw /l'R:e •/2 w,iS_g !oL . ( OHMS) AHP 
AU. OTHERS ARE ~ W,!5~ TOL . (OHIAS) • 

2.AU. CAMCITOR VALUES IN PF 

3.AL.1. J>IOllES ARE TIP3Z 

4-f'IN A-I - -IS'V 

.$.pJfl l!.-20-+ISV 

{;, Pll,j Z-22-+ Gf{OUNDED 

7- NUMBERS INSIDE SQUARE ARE p114 NOS. 

c, 
3, , ,z2 

10k 
RZ4 
tK 

.-.-Jt--+----<,---< TP2 
IIDP ,:,A/& 
.sl<'"r 

s 1111rel"c.T 

~• j..,.y,.;c c. ,.,reot. 

rf!ooX t!J.ITT 

,e,m~ 

FIGURE 13 



&-- IS" V 

EJ--..+15V 

Di 

SAM?ll l'\JL';r p 

!:r.-H, , 

l',11 ll.l\"1'i:. u. 
Rio 

£.11.11.\Y 7"1'1\ll'iHE 

LJ>.i'f. ,Rl\lJ,lfil 

::;Mn "TRP.\l:.\"'\l ~H 
IIJ~ll\11 ( P.';;- l!.) 

5 

s~. cu, R•1 

5Co·GG> 

51 - l'IID 

SI · !!>~ 
11.11 

S\ -Cfo 

~1- 0C. 

l, \"1 Rklt i v 

N O"Tr. S '. Ull l. t SS t\i\\H,\JJl ': lc 5 PEC IF\l'. \J '. 

1./\LL 1(£ <, i<. ,~ \t', II< '>.' 11,': ll\\JI A'RE 1/2W ~S¾, 
Mil) ALL h11\l:. K'l /\ltE l /4 W tS ' / • . 

,, . AU CI\ Pl:. Cl1 ~K VA L UE<; l tJ f'-1' 

3 . Al l 0 10 \l F';. Alli: T 1D:, Z 

'1. ll~ MllfRS 111~1D1': :,:l) 'Ji'.\11: ARf.. Pit~ -'tr 

- I o 4 

""TQAN'SFEQ GA"TE 

LI 
'27. 

'!O K 

l0 K RII 
I G. O~ 

+IS 

C '!, 
17. 

~•I:. 

~OK R ll 
1'-0K 

+IS 

- IS 

c. l 
·no 

101( 

11. 10 
11DK 

+ IS 

EA~LY ,R~N':,s;::r.~ 

-I':. 

C4 
11 0 

RZO 

IOK 

11.n 
110K 

+IS 

\. A"i l:: , R l'>.\\15~'1:.'P-

\00')(. P.:,\"T Q.ATF.. GE t.Jl?RA,0R.. 

B 
-I S 

-IS 

1.,eCAOE: CT~ 
Q ec;E""I 

~vBTR,c1c.\ 
(A,!- 0 ) 

-sz Fc;. 

20c, >< 61T E'ATS:: 
(J13 - ...i) 



IIC'll IIC'l.'l. 

~ T 'w 
-1sv 

Cl C3 R~ 
i,,o ,. C6 Rl6 R21 CII Cl3 RlO > CIT C?O Rl~ 

RI 'o2 62 3.0 K 82 82 82 82 R2~ 3-, ~ > 82 82 3.9K. 
BC:?.O J.!11<; 

~ .,f-i ""' " 
J.91< 3.!I K 

n ;h 
3.~k r-th n~~ CS"D r-i7 I 7 r---1.h nh Rl2 

B 

"" 30K 3ol( 301( 301( 3011. 30K. 30,; 

K;'\01 °?? ~ Qi? as Q}? R29 ~ 
,., 

Kl RII ,20 ~ 
30• Y!U \..!:!,l 301(. ~ ~I JO~ 

\lj -
1 30k 

~ .. \J!, l 
.... ~"''"== 0<1 ~ '4 ~s CR? ' -= CR4 Rll Rl4 

Cl.~ -= ~cAT .i ,- R23 ·~ ~ R;z > R~ Cl!II 

- '"'I( 
~ CfJ - 160 1<. 160K "' RI T,JOK loOK ~4.: ><Re '"' Rn,Yo~ - - ~ 1601( ~• 6.301<. 1601{ 

R: T.30K V . 
C2 R6,JOK CT 

f?l6 3fK 
" 2 

R28030~ i~y ~ T i2 ~1-~ - KZ=r 
C9 CIO 82 f (14 "' Cl8 

~! 112 - =. rz 112_ 
- =-~i2 82 ::. = 

._ ,,, 
Bil 171HE CL6CI: 

t1SV T 7 +1sv T -82 
+•SY +1sv 

D 

II CZI 

.r 

' 
- 1sv 

rv c 
C r a) 

<4~ 
3 0 1( 

s-z.-oc. L ~., 
">4 Jor. 

S?.· C t. ' P czs MK 
Y.4S 150 
301{ 

S7 • IIC. )J Qlt 
Jot(t; P! / I JOI( 3~~ , esJ 17 

~I AC. .... \!!.) 
~•.i; QII ~- 30K. 

30K. rv 
,........",,' ess ~ 

~ 160K 

RM -::-

1€.0 V. 

... -t15V 
t 15V 

- · ·· -- ---···-· L_ ________ ···------ ·-·-------------- -·-- ··-·-· -- . ·--·-----------··• · ·- . -- ... -- ·- ·· . - ·. - . - - . - . 

11/Jff:; 

1 Ulll l SS Q; ~ERW i5r SPfC,IF IED : 1. AI.L RESISTORS I K ,1, ~ [ LOW AR E '/2. w, Z. 5% TOL. ( OH MS ) AND 

ALL CllHE. ~.::. /11<1:: ¼ W, ±;;Jo TOL . ( OHMS) 

.?. ALL CAPAc1· :lR VA L UES IN -PF 

j _ All l)I/JDE5 AR E T/032. 

4 . NUl'-[l• ~:; I "~11 .. E !',,Qu l,l(E AR E p,~ -It 
5, AL.L Tt>,, .,s, n o u •, ~- ~ '21.1404 

. - . .. ---- ---~-----· 

~ {K C22 CB F++ 
Wt 82 3-~I< 

-r-1~ n~h BC?.4-

R 
3o~ 30K 

1(18 ~ QI? 
30K \l!!_.,I 

I'--::] R◄ 5 CRIJ .. CR14 -?730K 

~ ~41 R•Z 
160K 160~ 

c21 
82 - '24 

':: 82 

•t-lSV 
BCB 

Eµ IIC1?. 

q] 
(OCTR. l [fl O'E(AllC co 

ll'E~IT 
UN"TE,Z. 

CIC,lvA~ IZEP!"A'"f8L 

~ 
PSC:. 
3.SK 

f~ .:Rl'i' , 3011. 
R~1 
301<. 17 0 13 

~ 

~:I( ! -- CRIC:. SV '-!C co NTl:OL-

E 11\JPU'T 

l c Rll 

rt+-
+1sv 

- - -- ·-

FIGURE 15 



FFI 

V V V 

IOK 

-
~ D . 

-

100-.. KrT £'rl1E B . 
(H-C) 

FF\ ·c 

CIIA'l11C1EL L uc;n 

Cll. 

rm.> 3', 
II FF3 IK,~ II 

R1; 
"". v V V 

GS 101( 

CKI~ CRl4 , 
~ i.- 1m,> - 110R,:> - R'>'l. 

--- > FF~ .s AAA 
• V 

'l.9\1,, ,-Cl\• m. 
;:: ':> 

,-5C. ,;,; 
11.'-1.> +15 
J.'!P:. > 

( 1 
3'1 
" 

R'l 
A A A 

V V V 

\OK 

Cl'l 
3~ 

II 
II I R'!.4 

A A A 

V V V 

IOI( 

CRH. 
·t-

: 

( 

,> R4-
,'> IK 

'> 

O'l 

• I 

> R1.5" 
,> IK 
> 

QC. 

RS' 
'> 
'> 

3.'!I( > 

CR1 

. 
•~ Rl.lo 
'>3.91:: 

I en, 

-~ 

,F"2 
C3 C4 

Rio '> 
3, 3¼ '> 11q 

IK '> ~~7 l 
II <:, IK 

'> P.B '> 
A A A 

V V V V V V .,--....,J\JV'-4--~t--------t-----, ·E; ~''F'2. 
(B IOK 10~ 04 

lR4-
R\1 > RIS '> 

CR~ l.J!.C, 

_j_ -r ,- -f; 
- RICo 110ll,> l'l.bt~ R1.0 -- :> A A 

~ .V. V 0V V 
-~ CB ~.'!K Tse. 7" ~~ rit '>.'!K 

+15 

CR9 
• I 

1-----------------+---+--------t-+--+----t-----0 FFZ 

I 

I 
Cl\ 

,C:fll. ·1 S'l 

I 

C14 FF4-
RU'> sea. 

II IK '> 

I I > R1.6 
A A 

V V 

Q1 I OK. 

CRll ,_,,, > . ti.JD ai, ,-
~~ ms to:' 

l!bK< -- R~(o 
110~ 

R.40 -
A A • A A A O.lS' 

• • V F~l11 V V V ~, 
3.'11<. : ::: l.10 :;::ci-z ~ . 'ft'.. ' .,- . 

5'- CR1.I. S'fo +IS 5C. ~· 
P.4', - c,,:1:,1 

-:1.91:. - Cl'IA 

~ 
A A A XV V 

~ Cl!, 
- -si 

IO '( SIT llKTE CR;1!> 
FF~ J i----------------t--------,1--------1'--+-l--~-*,-----------+--------+---I--' 

NQ'i~':>: m~lt.SS fl1\.\ER\N\i;E S\IEC W\Hl: 

I. All U.S\'i111R1 A~i. 11-l 610.\'i l/4W "t'S¾ (ALL llEW;TOR. IK ! IU:LD'\IJ AtE 1/'Z.W tS--f.) 

'Z . AL\. Cll.?AC..11\Hl V,._\.\lf.'S AIZ.E 1'111 P~ :!S'I. 

:;. A\.L tHM)ES AR.t TID~2 

4 . l(UM~ERS INSIDE SQUAi?t ARE Plrl _. 
$". J.1.l ,, .... ,,no.\ Atf! ZIJl'-63 

FIGURE 16 



FF\ 

P.I '> 
II(< 

< 
R1. 

.---+-------,.1 ·N---, 
! QI IOI< I 

-t\'5V 

.., -.,v 
\0\/. Q'I. 

lR'I. 
~ 

Ill'. -
A 

C~-----+--+-----------------------------
CtlC. 

• I -. 

Rt.> 
IK ~ l ;,· I 

A A . .., .., 
10~ 

C.l\~ 

c+ 
3:!, 
II 

G4 

'> RIO 
> 3.9K. 

> 

ID'/. 1111 RI\\E 

FF\ 
c1t1 

i:,il l-------+--+-------------------------t---.-i ··'---i----' '-------------------+-------+-+--+---+-------iN FF~ 

R~O 

CID 
?i!, 

___JL__ 

" 11-'l.\ 
I\ I\ A 

• V 

i ("11 
r 

10\( 

D . .----------+----,1 •v.A·,.1 A~- C\4 

~-q"' -­
--Sb 

l\\ 
!,~ 

II 
71 
R'l.'2 

A A • 
vVV 

IOK. 

CP.14 
~I-

QC. 

> R'l.', < Ill. 
> 

t----------------------------+--------+-~ 

~------------------------+----- __ ___J I 

I 
a, 

Cll 
3!, 
II 

II I l\"lC• 
A A A 

v V V 

IOI:. 

llB 
:::: 

5C. 

OHi YJ\ C 1T R 
lltW.1 

d'!O Ht----------------1---------' ~1 

(R'l.l 
0------------------+-----------------+----1--..... -1·w.'1--' 

I "TPI 

L-----------------1-------+--+--~C-Rl_•·-t,r---Y ... ""ip 

Nil"'\ 'l'.5 ~ UN\.tSS ITT\\f.lWJISI: 5P£C\tlt\), 

I. All 11.ESIS"iO~"> A~l It.I O~W.<; 1/4\'\/ "-S"/. ALL ll.E'.IC,10RS I~ J i!>ELOW A'Z.l: 1/'l.W t,D/oTOL. 

'2. ALL CAl'AlliOR VALUES /\It\: IW l'F !50/o 

.?., ALL OIOl)ES Allt. T/032. 

4 . NUMBERS l t\SIDE SQlJAf f. /<'i!.e. Pll'l ~ 
s. ALL ,J,,oJ~•STOIH AL'! zu llo8'3 

Bl"T RAiE 

FIGUF£ 17 



~+ISV 

@----1.oV 

ff3 

-2ov .~ 
BRI 

RI -",z Cl r~ 13TW:. Ro r~ 12C. 
,n 

301:. CRZ 30K 
CJO i4 3.>K J, • ._ . 

-wv 
P.,I\ 3 .. 

t,\ L-------1-~-----------------------1--
fll 
301( 

2.41 
16K 

F 

E 

,t c,3 
flt ~n r~1 ;ii( 

~~"'" 3,9K 

I 

ei, · ei, 238 
301\' 16K 

3<0K CR22 
,. , 

eH-

C.R 2'i" ~t .;o~ QG/V CA2' 

CR2', CP5<> 114~ · 
-.y>-

R~o Cl'Ji 1'01(. CRl1 •P. 

·CR~I 

CRll .. 

-- m.f~ ;=01 
3.·• 82 

-,,~-:=: +1st 
RH RS~r MK ~:,I{ 

';:di 
82 

---­czo !::. 
B2 

I 
I 
I 

l/NlES.S o rHE/iWISE SP€ClflEI) ; 
1. . •1U.L R£SIST4RS AHF ~ W, rs:., /.ND 

2. ~:: ~Ji;:;s r%':1s "'~ ,t;., 'i':{ i;~"! /i';;s1srr1,rs, f I l'; re~ . 
3 , Alt PIOPFS AN•7ID~ 1. ,4/IP AU. DtatJFS WTT#,f'Jl';/l'£tll"-'' 
,f. Nl.lHBERS lll~PE SJU-'flili ARE ?Ill #. 

s. 11a 7,,..,r,rr•11r '1-'~ 2AJ~""-

"'' JO~ 

R48 
16K 

* e◄o 
. 6C"'IK: 

c.Rl~ ,tS 

, 

CR'2'1 

BR'l. 

"' l>rd. rri ~·~ cR4 30K 
3.91< 

~ 

Qr>. 
, 

.$.:;.I(, ·~~t Elo ""' ,5!:l.l Ra 
IC.Ol<. CfU8, CRl9• ,p.<t'lo IGK 

- - --t,sv cu ,,2 -
CIO R18 eHJ--~ - lt30 
dl 3-0K J.,l( 82 ~t "''K 

I I 

BR4-
,,~- c,b R41. 

e4 1· 
J.9K ~.1 [!~ eH ~4.- '"' 

J.~r( CRIA- JOI( . 
i◄'t. 9-,'\,\ . ,oK 16 

CR~ 

CR5~,'- ~ 
CRIB, .. CRJ9 Cft40 Cill7 .. ..-, IGOK R,1, . 

- -- ,.___ - -~s,J-~ :,:cZI : Cl2 R58 -t-1SV ~5'1,r ::CC23 Ct4 . f/1.0 
3.0K 'i'Z vz J., K ,.,. g2 02 

3.9K r­L...-4----1--+:-;..;.;.. __ .....c.c...-+---4--f---+-----------1:_u_ I 10 B\1 RA1E 

L-------------1,----1---1-------~---+------------; V 10 lill RAT( 

R G 

FIGUhE I 0 

( 
, .J-



0-----\-tSV 

D 

s 3-8.l y 

;,. 
R2< 

t3JK R3 
CRI 3.")11\ 
u~ 

BPS 

C2Z 

rn 
30K 

). ?• s 
-201/ 

<· 
,,0, .... BlH, 

<'l'R9 
C3 

RI• p27 < t.lltK .3,,f< 
~8 t1CR~ .- 1 
30K . 

Roi 
Cll.7 30K 

C4 
< e,4 rri 1<13 

oilK . ~OK 

Cll4. 

Rll. 
• 'cee. 30K 

"" (;'\_Q.3 
CR.II 

Qfv . 
~c.:11 

CIU1, ,e,a R2• 
~ 

RZI CK•<\ Ctl<>~a. 16""-

~'9 -=- ,-- -=-161( 

~\~ :: ~,·.r CIO ~f"w .,, -='a!-za ·3.91< ':z_= .... /J2. -t,sv ~3~ 6'Z- ... i 

I 

· ~C RE ~5-~T ~ U,TE l"U.~ 

+----Hf------------------+-+--------------,----------- , 37 

L-----+--+-------------:....--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_+ ... -_-"1_r_--t1--..f1--_ .... t--1-t_-_-_-_-_-_-_-_-_-::_.-=---::.=---::.=---::.=---::.=---::.=---::.=---::.=-=---_-_--~--------------------~-? ~ -I l 
1311,7 

1)1',& 

Al rFJ 

V 

Rll 

161< 

~,2 
:IOI\ 

~ 
Rll ~34 ,.,I(. 3 .9'1(, 

t• 

l~ZI •. 

t1or£S 

Cl3 Cl4-

rri ' <39 

rtri R,1 R~8 
' 3-".>~ ~ 301< 16K 

R.s· 
SOf(. "" ceu. 3oK 

QG 
. .. ,/~24-

<:119 ~ _; ~ CA.30 ~,.. qze 
t•• IEi.O)( R.4~-

I:::]\ GI.T 

--.. 7 R~-.r; R<l·v =-c.20 \ +1SV J.,IC 82 3!J( 92 

\ _.,, 
I 

I 
I 

UNt.ESS OTHERWISE SPECl~IED 

1 /Ill. !f£:.J$TORS ARE ¼ JV_ .IS}: ,ANI> AU.. .l{ESISTO~S ..4/i r;, tJNE •~ ARE n LJI/ lrG'S/STO~.S, ~/,?; ToL , 

2 - AU. CAPACJTO/f VALVES IN PF , .s-7, r-,. 
3 ALL DIO!J£.S AR~ 710-''Z. "IN/) ALL DltJOES WIT/i DOl/B [ C*lf:-AJ:E /!f -lS6 , 

4. Ht.JMBEP.:, ✓N$ID£ SQltJlRE ARE PfJI ~ 

, . All 7 ffA i.JSIST<l/1 ,.,,, 2AJ4•4-

c•~ 
£43 

[i27 330A 

e~ 
IOK 

"''.;,---

CR31 1..,B2 , - R"'7 atSJ,:;-.... 120~ c•3f 

I 

ft fl .. ~ -;- ..,. 

-·-
~ ,_J J 

H ~ 
1-- L r ~ {) cl 
f /J 

) 

) FIGURE 
, l 

l \ €. t. I) I ' 
,, !, .,. I , I.. 

t/ • ) - (. I <: .,_. 
t { \ K r' J 

"'t) l .. J \ 



[]------- ~\ s 'I 

~ - l'i:V 

START TR~\l'.> 
11m0n 

T 

S~-H. 

L 

- -,sv 

7(01'£S 

UNLESS 01'/E/fWtSE SFECtpl:ZJ 

"'2T 
30K 

1. AU. /iE:5:ISl'VlrSIK#&"lCJWARG ,/.f,v,,t.s"b 
ANO AU. OrH£/fSAR£ ,/iW, LSl6 TIit. . 1 

Z. ,IU, CAP,4CITOR Y"1lUES l,f ff' . 
.3 , Aa DIDl'£S ANJc TID,Z, 

RS 
120 K 

( 4 

·OOSUF 

R9 
, ,SK 

cs -1.. 
•OIIJf 

Cf?1..3 

"" HK 

R•o 
10~ 

c~ 
4 T O 

C9 
33. 

-IS'V 

RE5E1 ll ll MlE ll\1 RA1t 

-~ 0 B 

,.--~-1 

5 
LAiE 

100.n. 

-1sV 

Cl~ 
B2 

t!ll\l'I 

C. 

1'1SV 

""· 02 

Q9 
t,.NJ s.L 

TP2 

y 

l I 0 

FIGURE 20 



nCRI 

RI T 

RS 
'220K 

N0l'E':.' UNL'tS<.; bl'l-\t.R\IJISE <;PEC.1~11:O: 

I.All Rt.SISl!lRS II( MJO BELO~ AQ.E \/1.W ±5¾ All oTI-\ER5 AeE I/+ w,ts•;, TOL. 

'2 . ALL CAPACl10iS M.t 11-1 PF ~5•t, 

3. NUMBERS it.SIPE .3~U/l.l~E: A';(E Pill * , 
4, l>,\..I... ,:>,o't),;;'\, /:1.,;a.e. '\ ~ "'!,"'2, . 

RI?> 
47K 

R'Z:. 
160K 

BP.IDCIUG IUPUT 
,Pl 

,PZ 

Pc.. I I I 

I » f lf r c k T· 

FIGURE 21 



115VAC{ 
47-QHZ 

r----

------- - ------------- 7 
E3 

I 

E2 

-2ovoc • 1 ·--- ,J,r-E4
7 

_ ___,,_ ____ _ 
200 MA T ! f f f \ 

ES 

Fl 
I.GA 

R2 
120K 

R3 
4700 

R4 
IK 

RS 
4700 

RI 
l-"-

I 
I 
I 
I 
I 

~-15 V OC r T l ~ IAMP 

R6 .J.;;c1 

L....:..:-f-~ ~~v ~"f tJv cw ;iADJ. 

.CRI 

IN754A 

R8 
IK 

R7 

~-,5=:6~A 
~R2 . 

IN4733A I 
1 II 

1 

-ISVO~ .. I 0 1 Tl I I BLK YEL 

tRONT p 

I-_ S10 

.. E6 

-C2 
IOOO 
40V 

I 
I 

- - - _J 

NOTES UNLESS OTHERWISE° SPECIFIED 
I. ALL RESISTORS ARE IN OHMS. l/4W, ±50/o 

2. ALL CAPACITORS ARE IN UF, ±5~ 

GRN ~cs I 
~ I22 

I 11+15V DC 40V 50V ./'.'.:~OMA 

E7CR3 R9. E~~ / ;CR2 
s 40· . .Al 

L
1

1,1
400 

I0w (1 ow c n f'-' t /'t.Y PCll5 IN
I595 -=----------------------

FIGURE 22 



- I 

A4·J" • ,-

I 
I 
I 
I 

I 

I 
I 

I 

I 

I 

10- ")· 
<:l · 8· 
8- 7· 
7. (o-

G,. S· 
5. 4· 
4 · '3· 
e,. '2.· 
'2.. 1-
l • l>.J,..L 

z ..... 

IIJO.lf-T 

' I 7 
I 
I 

~ 
'A2~ I -s 4 

:1 
I -
I 

I 

~ 
I.ts/~ I €> 

:1 
I 7 
I 
I 

l.~ 
~ z oQ. ~ 

I le,._ 
I Ni·W 
I 
I 

I 

I 
I 
I 

I ' 
t- -

CODE. LE.VE.L 
5'2.. 

S·5YIJC 
4.5 
a-7 
'2· Go 
I· S 

I .-:.H. -,fl'IW-!YiE f'l\ "il.1'::> U ~l VL7't/\Ofi\ 

()SZ 

,...---4>---l••"<Jo (L,o--,p) 

'1. 
~"'-'~_,_...,,,, ~o 

1-:4L 
I 6 4-o 
I O 
I 
I 
I 

I 
I 
I 

I I 

i--· A \o :~l; 4-o 
I o 
I 
I 
I 
I 

I h :{;, I I 

i 
I 

I -IS 

!~ 
I 

I 

Dt$TCR.T\CIJ 
s<o 

s- U>..l'E: 
4 • 8"-RLY 
3 - ,ori-L 
'2· E.1--.lD 
l • 131/>-.'a> 

__ ijz~o 
~A40 

: A7,,,'>o 

l 1 ~ : ,11-• : 
I AH·T 

I 
I 
I 
I 
I 

I f. 
;O 

I J ,. 

I ~ S 
I ., c. 

I 
I 
I 
I 

I 
I 
I 
I 
I 

I,~ 
~-- Z~o 

I C :o 
'--"'''·- r--r-1 ~l, ~ O 

I 

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I .. _ 

INPuT SE.L'i=CT 
S'l 

7· -M 
b· •M 
'5- -M 
4· -+M 
3- '20/~oP 
2· (o0~ 
I· '20 N 

SPE.E:.O ( 13!>-UO':::.) ,,<T 

ss 
15· E.llT 
14-4800 
13-'2.400 
1'2.·l•LOO 
II· (,,00 
10·':lOO 
9-150 
e,-110 
7- 1S 
eo- 14.'2. 
5· (ol.1'2. 
4- '=><.>.B 
3· 50 z.. 4$,':, 
I· 5'1.':> 

NOT("S: 
1. s rc- SNf"FT 2 FOQ 

FIGURE 23 A 



I 

C.ALIB~,E. (53) 

~N OjT 
~ 

z. 
.---, I {- ,3 ~~ 

AIO·W' 

Ml\11 ~ 
~c::~e,~ 

SYUCH ) ;,p=;_f-<>-- r,::;-: . 
CLOlV j-'_i':<·~ 
~ 

-+•~-~ 
-15 ~ 
t.RD - ~-___r;::-:-] ~ 
S N',#ll ~~1~ 

~vv~ 

,P;JL,IRITY'C5i1) 

~ · 

r.:-:::7 ~ J.3 
~ ~ OUiP\li 

I 

F.. 'Ci CLO(.\(_ 

R7 

..--. i , ~,9)( ~. 

~ D.:s3 

Sl4W.L 

FIGURE 3 L 



I H 

J 14 R.."i' 

24 ''"RS 
U '/ORY ,. . " 

T U ' / ORN .. , 

.. 
14 H ' I YJ:I. 

1' H "" CY 

U U U:E 

"/ RJ:n 

J T H 

:a u 

J I >4 R..~ 

Jl U DU. 

'1 U ','10 

l4 u 1Vr.L 

J J U fGk~ 

SI U "/ RC> 

J'l' 14 DLl1 

JI :u ' /01\.~ 

"/ ULK 

., ' 

,tJ 24 I CR."C 

,,., . 
o u ·ion.-., 
48 U ;l' / DLK 

u u 
U ' / URN' 

" u u 

n 2 4 

" u 

n H "IONY 

i.o~ nu, nm nu• TO 

l •AIO 

J · Al · l 

J •AI .J ... 

l •At • J .... 

l•Cl •A 

1 -Cl · A 

J •DIJ 

>-n1 , 

Sl •Al ·J 

.... 

, .. 
A4 ·F 

MJ-1 

"" · 
AIO • R 

8Pl 

A4 •R 

IO•K 

IO·L 

M 

Al• t' 

Al ·\t,' 

Al • II 

Al · N 

Al •Y 

AJ•K 

Al · P 

A2 -M 

OSI - J 

AJ , r. 

All-If 

1,uQ A, W,G 
.,, .,, anca LDIQ'TI ffaU ,_.. nan 

1J J4 WfOU( 

H nuc 
TJ ,.. n,v 

ll U n!J( 

TT H Rl:D 

'H U VIO 
H H lll.J( 

10 •• w•--· 
II 24 DLU 

U H W/O R 

U 24 W IOR 

•• w•-•• 
U U OU< .. 
11 H W/nL 

II U W GR 

11 H WICJ\ .. 
II U W/YE 

11 H W/VJO 

U U DUC 

14 U ORN 

" 18 U W/R!:I 

IT U WIV10 

H 14 WIRF. 

' "' 

W/DR 

W/01 

U V!O 
u,_ 

W/DU, 

IGI •4 ftl JC 

110 U YEL 

Ill U vtO 

112 24 
Y&L 

GI\N 

U W/Yr.l. 
117 U W/CnN 

Ill U WIULU 

111 · U OllN 

.--,Jo w1c-~ 
111 U DLU 

.-----,,, 

"' 

U W/UIJC 

U OllN 
U 81.J( 

U VIO 

GRY 

GRY 

1'1 Wirf 
,---IS4 U W/tlRH 

r· 1u u w1n1:o 
Ill U W/Yl:L 

24 WU.UN 
U RU< 

"' uo u nu 

ST•DA 

81 · A I 

h, .,.., . 
!'U•AT 

TPI 

TPl 
T Pl ... 
TPI 

TPO 

Sl•A 

I s,.n 
84·1 .. . 

SJ•J 

Ml ·• 
Ml • I• ) 

BPI 

hPl 

~ o-
510·2 

:n-c 
XFJ • l 
910- 5 

5 10· 4 

XKl· 1 

XCl •C'" 

xc:1 -r. 
X~l·JI 
C Rl·A 

TR4·D 

C" II • • 

AU • F.I 

Sl • Dl• 

ss-1111 
ltl•t 

All • V 

TPJ 

Tlll • R 

XKl•I 

Tll3·A 

TIU • ll 

All • F. 

!il0- 5 

b !iJ• l 

XK l •l 
All •f!I 

AU •E I 

XKl · l 

n, .r .. 
XF1·2 

TD4 • D 

TPJ 

AU •J:1 

TTI . .. 

A U -t:9 

AU•t: 1 

AU •t: 4 

AU•t: J 

•t~ a. ,.,Q 
IIO, .,, COtoa 1.IR'nl nau ,... nan 

i. •• • 
,., u r.o ...... 

14 V!O 

141• 14 DLX 



Al3 
'z .. 
r-

'x -
w -v 
r-
'u 
r-
'r -s ,.... 
'R 
r 
p 

'i 
-
ii -er 
r-
'K 
r:; 
r-
t-;; 

T -
7 
t--
'o 
7 
t-
'a 
~ 
A 

I-

Al3 

L 
87 
8 
A 
I 

A ~Rlt---';~ 
0 

·A 

Al2 
. 

'z 
~ 
r-

x 
~ --V ,-. ,.... 
u ,.... 
'r 
r 
's 
t-

'ii 
r 
p -
" ,-. 
,-. 

" r-
er 
,.... 

K ,-
,-

J 
r 

" -
' -7 
~ ,.... 
'c ,.... 
'i ,-.. 
Al2 

~ a[I ~o 
z z 

!1-J 'y y 
,- . I-

! I- 2 X 
I- -'w w w ,-. - -- I v--V t-.- ,- ,.... - u 

Ir 
u ,!!. ,.... - ,_ 

'r---r T 
t- ,.... 

~ s 's .__ 
r ,.... 

~ 'ii '"ii 
t- I- ,-- - I-

p !.. p ,.... ,-. 
r- I ,.... 

~ .~ N ,.... ,.... 
t- 'iiJ ,.... 
..!!. ,-

.!!. -
"i" t- "i" L 

t-

~ 7 • ,.... t-,.... ,: J ,.:!. 
t- t--

'H H H - t- = ' 'T F-- -
7 7 ~17 -t- -,-. 'ii D -D I-

t- 17 ,.... 
c c ._ 
t- I-

I-'ii ..!'. 8 
t-

I-.. A A - -All AIO A9 

AB ~ "" 
,- z ,.... 

z z z z z z z 
r'v 

,_ 
t- 'v y y y ,!_ y r--i- y ~ ,_ 

x x t- x ,-
X X x 'x I 'x t-

I-w :!!.. '.!. I-
'vi - w ;!!.. w -1 - ~7 -t- Lv - ,_ -V V- V V t-

V I .! - - t- := -V 7 u - t- -- u u u u u - u - - ,_ 
t- = u n t- r r • • - r T - T - := ,-. T 

t:: ,_ 
t-I- s 's ~ S I s r~ ~ J. t- t- ,-

I- I- I-

~ 'R R R ·R 'ii 
~ R ,- I- I- r ,.... 

p p '.! I-
'P t- p p p ..':'.. 7 r- - - -

A6 A5 A4 A3 A2 Al 

N -
" -

" -N 
~ ,; N r ..!! - t- - ,-. -I- 'N " 'ii ;; ';. ~ 1--'i,, " t- t- ,.... 1-- r-t- I-

t- T - T c 'I" 'L L L L 
I- ,- ,- r- := r-t- • '. • I- • K t- " K !. . r- t- r-

t- r-

J~ r- r-
J J J J 

~ J J 
t- r-

L~ ·;; I- t-
'e r-

H I .!'.. I! .."._ -.!!. 
T - -7 - • T ,µ F F -- F - t- - - i -

L'i" 7 I 

l~ l "f 7 I~ n !. -
I- o Ir- oh o D I D .E. 

Tr 
t- ,.... c- t- 'c I I-

'.J ~ 
.....,... t C I c~- r~ I- r-

I- ~ I- I- 8 L e B B B ..! .!. I I- ,- ,.... t- t-- ,= ,; ;: .. ~ A ~ A A - A2 Al - - -
" A3 AB A5 A4 

FIGURE 24 



NO"'IF:i·. 

~ 
-{M}-
-----@mr 
~ 

ITfil 
-.'.B2D--
-{&D-
---(fil)-
-{&D-
~ 

AS 

~ 
~ 
~ 
~ 

I c,21 
---{&a)-
---i&fil-
--ufil-
--i&Q- · 

1£&] 

-l&I}-
---@H";-
-@m}-
--fllifil--

lei~ ! 
-i:filj-

--cm:r-
---!&2]-
-l&fil-

lc1~1 

1. SE'i:. SEPAII.ATE PART':> LIS, PL 1~0001 
z.CO l\l fORMt>.L COJl.T/ 1-1 6 TO BE APPLIED 

AICiER ELEC.,RIC~L IIJSPEC"T/O1\l 
!0LUMBlll. '"\H\HJICJ\L CO~P. N0. IA'lO 

~ 
---{&ID-

~ 
~ 

[ill] 

~ 
-@Ir 
-{fil)-
---i::mi-

!N8 j 

BE Ll'-'>t \"TI'..M \NSTlloLLl=D 

z 

~ 
--{R_~e-

~ 
~ 
~ 

-J/?,,-c.1-
--im]-

~ 
-{M]-

jl'.Z<oj 

SWAGe. 

I TEH 
NO, 

l 

2 

3 

4 

5 

6 

7 

• 
9 

10 

II 

12 

! 3 

14 

15 

16 

17 

18 

10 

20 

2 1 

22 

2 3 

H 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

JD 

39 

40 

41 

42 

43 

44 

45 

'" 

DRAWI NG OR 
PART NO. 

PC780OO1 

CH/C/10037/3 

•SS.'"••• n«•o 

710025 

RCO7 

RC07 

RC07 

RC07 

RC07 

RC07 

RC07 

52317• 14 

"'KOGllXI0-1-K 

,CD6CDJJOJOJ 

IN014 

~1PS6531 

104S 

tl-32 x 3/8 lg. 

•'o. 6 

IA20 

S7R000l 

MILITARY QTY 
DES IC DESCRIPTION SPEC PER RE."!ARJtS 

PC -101 PC Bo::ard I 

Card Puller (blue) l Vero 
,. hi_., . ···-
Str.:ap/Support I 

,\'.;•.!'A. •Rulstor , F lxed 10K, J /4W: S<;, 7 
36, -43 

~'8• 21~- Rcslator, Fixed 3.3K, l / 4W: St;', 7 

34~641, 

R7, 14, Rcslator, F ix e d 10ohm, l/4W .. 7 

35° 42' 
, .. 
R2, 9,16 Rcslator, F1xcd,2K, l/,1.W " 7 

I"• JU, 

37, 44 

RJ, 10, Reslato r . F lxcd 220 ohm.1 /4\V" 7 
1J,7,,.}4J'. 

R4, 11, Res is tor, Fixed 4. JK,1/4W .. 7 

1.:.;,, .. ~ .. ~. 
ns,12. Resistor, Fixed 2. 7K, 1 / 4W .. 7 

19, 26 . JJ. ,{0. -17 

c1 .s.a. C:rn:icltor l O•l BOPr 7 Electromoti vc 
13. 17. 21. 25 

c2. -1.6. Capacitor. luf, !: 10-7. 100V 14 
8,11,1 0 12, -1, HJ 0 •u• ' "'• ,2, '"• ,110 , 11 

CJ, 7.11 Capacitor. Select at test 7 Cornell•Dubllle r 

15. 10. 27. 

~Rl · CR 4 Diod~ 14' 

QI-QU T ran.slstor H !\totorob. 

YI Crystal l. D:Z Mh:: I Shcrold Crystals 

Y2 Crystal 2. 3296 Mhz I Sherold Crystals 

YJ Crystal 2. SG. Mhz I hcrold C ryato.la 

n Crys tal 2. {1 0816 Mhz I berold CrvstU s 

Y5 Cryat:tl l, 56-167 Mhz I Sberold C rvau.la 

Y6 Crys tals l. 8995 2 Mhz I Sherold Cryabl!! 

Y7 Crysbl 2, 816 Mhz l her-old c~•suls 

Socket. c ryst:i.l 7 H.H. Smith 

Screw. Phllip!I P:i.n Hd. 2 

W:itih. Int. Tooth 2 

C-N Forma l Crotlng (Huml&cal) A I R Columbb T ~c h. Coron. 

SCIIEl\1ATlC DlAGRAM REF 

FIGURE 25 
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I T EM DRAWI NG OR 
NO. PART NO. 

I PC7U0001 

2 Cll/C / 10037 / 3 

' 
lc:c:::.- n,,.,., ru:.-. ... 

4 770025 

5 

6 

7 

8 

9 RC 07 

10 RC07 

11 RC07 

12 RC07 

!3 RC07 

14 RC07 

15 RC07 

16 

17 

18 T523 17• 1' 

19 K06BX10-l•K 

2 0 D6CD330JOJ 

21 

22 

23 IN91 4 

24 

25 ~ 1PS G53l 

26 

27 

20 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 l!HS 

40 6-32 X J /8 Jg, 

4 1 •'o, G 

42 

43 

44 

45 1A2 0 

4r, S7H0001 

DES I C KI LITARY OTY 
DE.SCRI PT ION SPEC !f!_ R£.'<ARICS 

PC- IOI PC Board 1 

C.a rd P uller (blue) I Vero 
- -- --~ 2 ·- ··--
Str:1p/Support 1 

\\} o,•·· Re s La to r . F ixe d l OK, 1 / 4W: 5';, 7 
36, ◄ :J 

~8 ·,\'• Re s la to r, Fllr:cd J. JK. 1 /4W : s,r, 7 
34\8◄ 1. 
R7, 14, Resla tor, Fixed 10ohm, l /-lW " 7 

s' ◄l· .. 
R2,9,1 6 Res lstor , F lxed,2K, l/4W .. 7 
2J, ,JU0 

3-, . 44 

Rl, 10, Resis to r , F ix ed 220 ohm, l/4W " 7 
J.?•1J~,, 
R4, 11, Rcah1tor, Fixed 4. JK,1 /4\V " 7 
l,"•;lt•., 
RS, 12, Resistor. Fixed 2. nc. l /-lW .. 7 
19,26 , 33. -10 • . n 

Cl .S,9. Ca0:1c:ito r 10-1 80Pf 7 ElectromoUve 
13, 17. 2 1. 25 

C2, .f , 6, Cap:1cltor, lut, !' 10-i, IO OV 14 
s.,u. -1, l b , ltl , :O::U , "'I., :0::-1 , :O::O, -ti 

C3, 7, 11 C:1p:1cltor, Sel ect a t tea t 7 Cornell- Dublller 

15, 19, 27 , 

Rl -C R -4 Diode a • 

QI -Ql4 Trans lator 14 Motorola 

YI Crystal 1. 92 l\lhz 1 Sb.e rold Crysb..ls 

Y2 C r ys ta l 2. 3296 l\fh:. 1 Sherold Cryst:l..ls 

Y3 Crysta l 2, SJ. Mhz 1 lShcrold C eyabls 

Y4 Crvsbl 2. 908 16 Mh:. 1 berotd Crvsta.ls 

Y5 Crystal 1. 56-167 Mhz I -herold Crvsul!I 

Y6 Cryat.i la 1. 89952 Mh:. 1 h.e rold C ryaul.s 

Y7 Crysta l 2. 816 :\lh;t I -he r-old \rvs1.:i l s 

Socket , crystal 7 R .H. Smith 

Sc r ew, Philips Pan Hd. 2 

Wa ~h. Int , Tooth 2 

C-N Formal Coa tlni:t" (11umisc:i l) A/It Columhi:l Tt.",c'h. C'or"'. 

SCHEMATIC our.MM llEF 

FIGURE 25 
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PARTS LIST FOR: 200X BAUD RATE GEN ASSEMBLY 
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(CDA-770) 

ITEi! DRAWI?.C OR 
NO. PART NO. DESIG DESCRI.PTION 

I n,..1 nOOO? PC·lO:! PC 13d. 
2 CH/C/10037/3 Card Puller CBlue) 
3 

4 RC07 1,4 Resistor. Fb:ed 1K. t/2W !" 5~, 
s RC07 u Rcalator, Fb:ed S, 1K, 1 / 4W : 5";, 
6 RC20 u .. .. .St ohm l/2W " 
7 RC07 RS " " 3. 3K1 l4W " 
0 RC07 R6 .. " 10K 1 / ◄W " 
0 RC20 R7 " .. 

22 l/4W " 
10 RC07 ,. " " 15K l / 4W 
II RC07 Ul " " 5.6K 1/-lW " 
12 RC20 RIO " " 510., 1/2\V " 
13 

14 K2R2C 20K C2 C:ip:icitor, Polo.rized 2, 2uJ 20V 

I S CD7FC221 .103 I C3 C.u ,:1cito r 220 Pf ! Sr,", 3O0V 

16 t0P2 · 10-1 :4,CS Cap;1cltor . 1 ur .• 100v 

17 CD7FD151J0J 7 C:ip:icltor 150pfd, -: Sc;",. S00V 

18 MCOSGP C4 I. C. 

10 MC839P Cl,2, t.C. 
Cl,5. 

20 7717·22!{ Ql :rRANSISTOR PAD 

21 IN014 CRl-0 DIODES 

22 33FGC 1 TRAr-."SFOR~tER 

23 MPSG531 Jl,2,4 TRANSlSTORS 
24 2N3439 ~3 TRANSISTORS 

25 2211 ttEATSINK 

26 1-380059-,& SOCKET, I. C. 

27 119437-U P2 P . C . Test Jacks (Yellow 

20 119437-G Pl,3 P. C. Tut Jack (Blue 

20 

30 IA20 Con!orm:il C02tinl{ (Hwnlsc:il) 

31 

32 

33 S780002 SCl!DIATIC 

34 

SIZE CRAWIUC NO. 

D PC790002 

MILITARY OTY 
SPEC PER RE!<ARltS 

I 

I VERO 

2 

I 

I 

I 

I 

I 

I 
I 

I 

I Kemei 

2 Cornell DubWe r 

2 Elmenco 

l Cornell DubiUcr 

I Motorol:l 

4 Motorob 

I THER~L\ LLOY 

0 

I T echnitrol 

3 l 1otorob 
1 

I Termalloy 

s AMP 
I C inch 

2 Cinch 

A I R Colwnbla Te-ch. Corp. 

REF. 

FIGURE 26 
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ITEK DRAWING OR 
NO. PART' 110. 

I PC780003 

2 CR'C'I0037/3 
3 

4 

5 RC07 

6 RC20 

7 RCOT 

8 RC07 

0 RCOT 

10 RC07 

II 
12 CD7FC331J03 

13 COGEC87QJD3 

14 CD8ED560J03 

15 CDGCD33DJ03 

16 CD6CD2ZOJ03 

17 CD6C0100D03 

18 C07FD151J03 

19 CD7FC2ZIJ03 

20 T1032 

21 2N.fi04 

22 2N2635 

23 1194.37-11 

24 119◄37-G 

25 

26 

27 

28 

20 

30 77l 7- 22N 

--{IB]-
31 7717 - •HN 

32 1A20 

33 S780003 

MILITARY OTY 
DESlC DESCRIPTION SPEC PER REKAAJ<S 

PC-103 PC Bd. I 

Cant Puller (Blue) I VERO 

n12.10. Realstor. Plxcd. tOK. l/4W. 't 5~ 12 

:n.2:1.2 • 300 6 0 480 :i 0 =>4 0 800 61 

Rll,18 0 Realator. Fixed. 1K. 1/2W. -± scr. 14 
1u,. , •• 0 J, 0 1i.J0 ~u. ~J, :u10 b,J 

R2 0 3,40 Realstor. Fb:ed. 30K. l/4W 0 ! 5'J. 14 
1.0. 10. 20. 28, 33, 34. 38, 39, 41. 42 

Rt.a. R.ealator, Pi:zed. 3.9K, l/4W, !51• 10 

13,17. 25. 28. 35, 40, 44, 40. 

R14,l5 Reatator, · Fb:cd, 120K, l/4W,-:s,-. 9 

23,31, 4B, .n. sz. ss. s2. 

ns.6. Reala tor, Fb:ed, 160K, 1/4W, !S'4 4 
37. 38 

Cl2 Cap:icitor, FLxed 330pt @ JOOV I Cornell-Du.bille r 

Cl · C4, C:ip.3.cltor, Fixed 82pC. @ 300V 13 Comcll-DubWcr 

Cl0,13, 16, 1,7, 18, 19, 20, 22. 28 

cs.o;u C:l1>3cltor, Fixed. 56 pt. O soov • Cornc ll-DubWe r 

23. 26 

cs. 7.9. Cap:icltor, Fls:ed,. 33 pf. @ SOOV 4 Corncll-Ouhiller 

27 

C24, 25. C.i.p.i.clt.or. FJ.s:ed, 22 pf. @ SOOV 3 Corne ll-Dublli e r 

29. 

Cll Capnclt.or. Fb.e d. lOp!,. @ 500V 1 Comell•Dubillcr 

C14 CAp:icitor, FUcd, 150 pf. @ SOOV 1 Corncll-Du.bWcr 

Cl5 C:lp:icitor, Flxcd. 220 pf. @ 300V 1 Cornell-Dubllicr 

CRl·l3 DIODES 13 Te:lQS Instrument 

QI. 2. TRANSISTORS 8 

7 0 80 9JI 

Q3, •• 5, TRANSISTORS 10 .. • 1 , ,J, 14, l!I, ltl. 

TPI P. C. Teat Jacka (Yellow) I Cinch Mfg. 

TP2 P.C. :TeetJack(Blue) I CUlCb Mfg. 

XQl 0 2 0 TRANSISTOR PAD 6 

1.e.o. ,nd 10. 

XQ3.4 TRANSISTOR PAD 10 

s.s.u. 12. t3, u. 1s. 10. 

CONF ORAL\L COATING (R11mltl ea. A I R C ol umbltt. T ech. C o ro. 
SCHE?\tA TIC DlAGRAM REF 



I I \ + -.: pe-/c>4 
\ I 
L--L---------'--.J 

RrV ITEM DRAWING OR 
NO. PART NO. DESIG 

MILITARY QTY 
DESCRIPTION SPEC PER RE.'<ARJ<S 

I PC780004 ····-
PC·104 P. C. Bo:i rd I 

.........L _£R/_C/10037/3 __ Card Puller (Bluel I VERO 

-@B- ----LR~ -1:@-
3 

4 RC07 '~'•2':~1 , Resistors , Fixed. 30K, l / 4W. !S';, 12 

u ~ (:) (:) u 
-----1-_ _-~-.·;; -w)- ~ R.3~ ~ -@D-_____ 

5 RC07 Rll,R'Zl Resistors, Fixed IG0K I /4W t S~. 
6 RC07 

2 
R7, 18, Reslsloro. Flxed J. 9K t /-lW - s:. 5 

Z7.30,3I 

7 RC07 U0,22 Re s is tors , Fixed 120K t /4W !: S';, 
8, 29 

• 
8 RC07 R9, 20, Resistors, Fixed l OK ~/ ◄W ! 51;"1 7 

5, 26, 32. 33, 34. 

9 RC07 RJ5 Re s istor, Fixed 62K 1/,1\V, : S';, 

21'-----r...--..= 10 RC2 0 RB, 19, Resis tor-a, Fixed IK, t /2\V : sr, 5 
ZJ,34,36 

®-
11 

12 

13 

14 C06C0:?20J03 1,3,10 Cap:icltor, Fixed, 22 pt @ S00V 3 Cornell•Dubllier 

15 CD6CD220J0J 2,C-1 Capacitor, Fixed, 220 p( @ S00 V 2 Comcll•Dubilier 

16 CDGECB20J03 5, C6 Cap:icitor, Fixed 82 p( @ J00V 2 Corndl-Dubille r 

17 C O6EDS 60JOJ C1,s,9 Canacltor. Fixed 56 nr @ 500V J Comell•Dublller-

18 

19 

20 

21 Tl002 icRt•9 DIODES 9 Tn:as Instr ument 

22 

----@ru)-- -1:;;;,D- -lw;[)- 23 2N-104 b t-o< TRANSISTORS • 
24 2N2635 ""'5.6.7 TRANSISTORS J 
25 lt9437•H Pl TEST JACK {YELi.OW) I CINCHM.FG. 

26 

27 

28 7717-4-IN (Q5,6,7 TRANS ISTOR PAD J 

29 7717•21N (Ql,,2,J TRANSISTOR PAD • 
JO 

JI tA20 CONFORMAL COATING (humiae:al) AIR Columbia Te,ch~ Corn. 

32 5780004 SCHEMATIC DlAGRAM REF 

-- -- --......,.-----

A J K 

FIGURE 28 
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PC·/05 .REY. _J L _ 

G) @ @ @ @ 
~ ~ -l&D-- ---0l}- -{fil}-

ITEK DRAHINC OR KILIT.UY art I 
NO. PART NO. DESIC DESCRI PTION SPEC PER = I 

I 
I P C 78000S PC- 105 P.C. BOARD 1 
2 CR/C/ 10037/3 CARD PU LLER (BLUE) I VERO 
3 : 

4 

5 RC07 Realstor. Fixed - J . !JK 0 l /4W ! Sc:", 
; 

Rl ,9,10 12 : ,~ v,,.i. , ,~ 

30,J S, J ; 

-0]- --!E0- -{g&--- --l&EI--- ~ 4<1 ,5 4,5f ! 

a a a (:) a 
---il7J- --f@J- -@fl- ~ ----@?]-

• RC07 R2 ,3,6, Re s is to r, Fixed - J OK. t / 4W t Slj'. 3 3 

7,8,11, i 
12, 15, 11 

18, 2(l22. 

25,27,2P. 

-{&D- ~ --{B2§]- ~ ml- ~ 2!).,3 1,3 

37, 38,41 

-@]- ---@jJ- ~ ~ -lKw-- 43,45,<I( 

@ -----m3- ® - ~ @) ~ 
® ---@]]-- @) ~ @ ~ 

@) @ @ 

47, .. 8,4 -

50,53,51 

8 ,5 1,36 

7 RC07 R4,5 ,1 :\, Resisto r, Fb:ed - 160K, l /-IW ! 5~ 14 

14,10,2 : 

2 -1, 32, 3 

@) @ @) ® 
-1 1, -12 ,S 

55, 59 
; 

~ ~ - ~ -{&fil- • 
~ -{fil- ----0£]-- -Gw- • ~ 10 

a (:) e) a e) 
-@]I- --@E~ --@ID- ------{ru}- ~ 

11 CD6EC820JOJ Cl lhru CAPACITORS, F IXE D 82 pC @J OOV 24 C orncll-Oubllie- r-

C24 

12 CD7FD151J03 C25 CAPACITOR, F IXED 150 pr @ SOO V I C o rne:11- 0 ubi ller 

13 

H 

-l.iill- ~ @> -0Il- ~ - 15 T lm2 R l - 17 DIODES 17 T cx:u lr'l9trume:\t 

~ -- ----{fil}- ~ --{Mi}- -!&ID- ~ 
----{m]-
~ @) -~ -@1i-- @ ~ - ~ ~ @) a ~ -@}-

---@D- @) 
- ~ 

16 

17 2N 404 01 - a 3 TRANSlSTORS 13 

19 7717 •22N TRANSlSTOR PAD 13 T hcrmolloy 

19 

20 

21 S780005 SCHEMATIC DIAG RAM REF 

22 1A20 Confor mal C oal lnJ: (Hwnlsc:11) A / R C o lombi:i Ti!ch. Corp. 

~ - .iill-

----- ----

A L M z 

FIGURE 29 
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ITDI DUJrill(IOa KILITAJCI Off 110. Pl.a'? •o• DUIG DUClll'TIOII nzc na U>IAUS 

l PC71000S P.C. 1101\RD I . - ----· I VERO 
3 

• 
5 RC20 Rl.4,15, RESISTOR, FIXED - lK 1/:rwt 5'1, 8 

e, 22, 2 • . 
,Ju. 

8 RC07 R2,3,7A RESISTOR. FIXED IOK l/4W t5'1, 8 
.23. 24, 
28,20 

7 RC07 Rl2,13. REStsTOR, FIXED 120Kl/4wt5~ 8 
l7,l8.3J 

4.37,38 
8 RC07 .... ,0.11 RESISTOR. FIXED 3.9K t/,cwis'f, ID 

4,15,18 
9,20,21 

28,31.32 
35,311#:IS 

40,43 

9 

10 

II 

12 CD8CD330J03 I 2 3 CAPACITOR FIXE0-3Jot!5'fo500 • Coniell-Dubllltt 
4,12,13 

13 CD6EC820JOJ <"II 23 Capacitor, Fixed - 82 or :ts~. 300V 2 Com.U-DabW•r 
14 CD6ED580J03 cs.e.1. Cap;acltor, Fb:ed•56p(!Sf, 500V 15 Cornell•I)gbWer 

a.0.10, 

18,17,18 
19,20,21 
... , •• i: .. 

18 

17 

18 TIDS2 Rl-28 DIODES 28 Ta:u lna~eat 
19 

20 2N2635 01•08 TRANSISTORS • '. 

21 7717-«N ~Ql•S TRANSISTOR PAD 8 Therm.alloy 

22 119437-11 Pl TEST JACK (YELLOW) I CINCH MFG. 
23 IA20 Conform.al Coatinc (Hum1•n.l) A/R Columbua Tech. Corp. 

24 5780006 SCHEMATIC DlAGRAM REF 

FIGURE 30 



ITEK DRAWING OR MILITARY OTY NO. PART NO. DESIC DESCRIPTION' snc PER RE><ARl<S 

I PC780007 P.C. BOARD I ---------
I I 2 "',nT"> n<rn 1' '""" li:tf .flC"' ' ·-·--
I .: \♦ I 

3 

4 
L- _...J 

5 ~20 Rl,4,6, RESISTORS. PIXED•IK I /2W !5.,_ 6 

@ @ @ 
~ -{El-- -QD-

~. 20,23, 

s.20 

6 RC07 R2 3 7 RESISTORS FIXED IOK 1 /<IW ts~ • 

~ 
~ 

~~ 
-(fr]- -{ZD--

(:) a 
~ 

~ ~ -{m}-

--lliil- ~ -wD-
~ ~ -----@@- ~ 

B,21,22, 
, ... , 

7 IIC07 Rl2,13, RESISfORS, FDCED 120!C 1/4W-5~ 8 

16,17.31 
.J'-oololo,H 

8 C07 10.11. RESISTORS. FIXED 3. 9K 1/<IW -ts~ 16 

14,15. 18 

19.24.2!) 
0,33,34 

7,38,30 

@ ~ ® ~ o.s. 

~ ':E) 

~ 
-ffifil--

' 
@ 

~ --@ID-

-fiZ@}- ~ 

@) @ ~ ® @) 

0 

10 

11 D6C03JOJOJ I 2 3 CAPACITORS FLnd-JJprts,-.soo\l 8 - f'"--•bn f!' -

.10.11. 

2. 13 

12 D6ED560J03 5-9, CAPACITOR, Fixed - 58 pr. - 5'1.500\ 12 Corncll-Dubllic r 
14-C21 

13 

-i&D- -{8ill- ---Ofil- ~ ----[fil}-- 14 

--!EIB-- --am-- --Qfil-
15 

~ .. 
(:J (:) e) e) 
~ 

~ ~ 
~ ~ 

~ 
--lEm-

------0D- ~ -wIJ- ~ 
-@m- ~ -@ill- -@§---

17 

1B T1D32 Rllhru DIODES 25 Texas Inatnuncnt 

CR25 

19 N2835 QI-Q0 ~RANSISfORS 8 

20 7717•44N Ql-8 TRANStsrOR PAD 8 Thcrmr&.1.lov 

2 1 

22 119437-H Pl TEST "JACK (YELLOW) I CINCH MFG. 
23 1A20 Conlorm:al Coatini (Humin:i.U A / R Columbb. Tech. Corp. 

~ ~ @ ~ 
@ @) @) 
@) @ @) 

24 S780007 SCHEMATIC DIAGRAM REF 

-------
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DRAWI NG OR 
PART NO. 

PC780008 

lru1ro1100,71, 

RC07 

RN65C 

RN&SC 

JRC07 

RC07 

RC07 

N6SC 

~--~~-.... o,o, 

11"1D32 

N456 

2N40-I 

7717-2:?N 

1A20 
S780008 

HILITARY QTY 
DESIG DESCRIPTION SPEC PE~- RE><AIU<S 

PC -tOR P.C. BOARD 1 

CARD PULLER (BLUE) 1 VERO 

Rl.4 050 RESISTOR. FDCED 30Kl /4W ! 5~ 16 
7.9.11.,1 • 

14.31.3 

35.37.3 
42. ◄ J.4 

R2 RESISTOR. FDCED 137K l/4W ! 1"!, I 

R8 0 R40 RESlSTOR. FIXED68. 1K l/4W~t~. 2 
R3 0 G0 10, RESISTOR. FIXEDJ.9K l/4W ! 5"!"~ .. 
J0 23thr 

30,33,31 

41.-t◄ 

SJ lhru 60. 

RIS 18 RESISTOR."i FIXED 16K tJ4wtsr-. fl 
19,22,3 46. 47, 48 

16, 11. RESISTORS, FIXED 160K 1/4.W ts"!', 8 

R20, R2 • R49, R50, RSI, R.52 

R32 RESISTORS, FIXED 34K 1/4W!:J"i', 1 

r1.ro< FrYED R2 nr ~ 300V 24 rn--1•-nubili t> r 

CR2, DIODES 36 Texas Instrument 
4 - 20,22 

z.&-40. 

CRl,3, DIODES • 
21, 23 

01-08 TRANSISTORS 8 
KQl-8 TRANSISTOR PAD 8 The~y 

Conform.111 Co:itinP (Humlse:i.1) AIR Columbia T ech. Con,. 

SCHEMATlC DlACRAM REF 

FIGURE 32 
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RZ 
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NOTIS". 

I I 
I I 

\ e- ~-: 
'-- --L--------'- _J 

---i&D­
LITI 

-@D--
<'13 

C~ l 

~ 
QB 

I . "St 'c SEl"ARl>i1£ PARTS Ll'l T PL7~O0O':l 
'l- COIJFORMl\l COl\i lhl G iO Bl: Al'Pllf.D 

Atll:R El 'EC1121CI\L INWECTlON. 
COLUHIIIA "Tr<IHJIC:AL CO~ l>. IJO . IA'l.O 

vw z 

ITEK DRAWIHG OR 
NO . PAR'l' no. 

I PC180000 

2 CR/C/10037/3 
3 

4 

5 RC07 

6 RN85C 

7 IIN65C 

8 RC07 

0 RC07 

10 RC07 

11 RNSSC 

12 RC07 

13 RC07 

14 

15 

18 CD6EOS7 0J03 

17 CD7FD151J03 

18 

10 TID32 

20 IN4 56 

21 71l7 -22N 

22 2N404 

23 1A20 

24 S78009 

MILITARY on 
~ DESCJUPTIOR SPEC P~R RE!1AMS 

! PC-100 -1>. c . BOARD I --- i ... . RD PULI..F.11 ' B 'Tf£ \ VERO 

Rl . 4, 5 0 RESISTORS. FIXE D 30K l/4W ! 5'1\ 12 

1.a,11. 
12.1 ◄. 32 

35, 36.31 

R2 RESISTORS FIXED 13. 7IC 1/4 '! tlf, 1 
R9 " " 8. 8K l/4W! tf. 1 

R3.6.I0, " " 3. 9K I/4W ! 5 .. , 23 
l3,23th1 I, 

3D, 370 3 

48 lhru 

55. 

Rl5,l8, RESISTORS FOCED lSK 1 / 4W t sr. 6 

19,22, 

31 39 

RlB.17. RESISTORS F OC ED 180Kl/ 4W ! s-;-. 8 
20, 21 , 4 

45, 46,47 

R33 RESISTOR F DCED 3. -0C tHwt tra I 
R-U,. 42 IOK 1/4W t S'r, 2 

R40, 43 " " 330, 1 /2W ! 5~, 2 

, __ -::-··- - - -- ( Cl -20 ,,, CAPACITORS, F OCE_D 82 pf, SOOV 20 Cornell-Dubllier 
rCZJ - 24 " 'tSQ.pt_ r,oov- 4 CorneU-DubWer 

CR2 -20 DIODES 32 T exa• lnatrument 
!CR22-3 

CRl, 2 1 DIODES 2 

Ql-8 TRANSISTOR PAD 8 Therm:tlloy 

QI - QB TRANS ISTORS 8 

Confonn:il Co:a.ting (RumJaeal) A / R Columbia Ttth. Corp. 

SCHEMATIC DlACRA M RE F 

FIGURE 33 



l'Atm:- LIST FOlh 'l'MNSFt: il"TRANS C:ONTili:)L .AssEiiiii.v" •·--- . - ·- ·· S UE DRAWIUG NO. 

D PC70 0010 

ITEM DRAWING CA HlLITARY QTY NO. PART NO. DES IC DESCR.IPT IOH' SPEC PER RE..'iAMS -I PC7800t 0 PC • ttO P.C. BOARD I 

2 Cll /C/10037/3 CARD PULLE R (BLUE) I VERO 
3 

4 
5 RC2 0 RI RESISTOR, F OCE D 330, 1 /2W - 5';1 l 

• At'07 R2 fJ 27 " .. J OK 1 14W ! S"', 10 

28.34,3: 
8,39,40 

H. 
7 RC07 Rl,6,10, " " IOK 1 / 4.W ! Si:', 5 

13, 18 
8 RC2 0 R7, l2,1 " " l K l/ 2W ts~. 3 
0 RC07 R4,1J,1 " " 120K 114w ts~. , 

17. 

---------- , 
I PC-t/0 REV 

10 RC 07 Rll , 2 1 " " 7.5K 1/ ◄W !" 5'1, • 
26. 9 

♦' I _ _/ + C'/.3 -

11 RC2 0 R23. 25 " 100. l /2W '!57, • 
30, 42 

12 RC 20 R45 " " 47 0, l/2W '! S:'.1 l 

@ 
13 RC07 R.22. 2 4 " " 62K l /4W t SI;, 2 

14 RC07 Rl 4, 15, " " 3. 9K 1/ 4W '! 5 ';", 7 

-{fil}- 2 0. 20, 

--@D- ~ 
31 , 32, 41 

15 RC07 RJG, 37 RESISTOR, FIXED 160K l /4W: S':", 2 u u 16 --··- R33 43 RESISTOR FIXED t0 DK I 14W ts~. 2 
17 

18 CD6ECB70J03 ~!:~~ CA PACITORS, FOCE D 82 p ( 300V 6 Cornell-DubWer 

~ ~ @ 19 CK502 C2, 4, l 4 " 'l.. oosur • 50v !~H 3 C cotr::a.13.b 

20 CD7PAO IJ03 C6 " -•470 pf I00V I Cornell-Du.biller 

-{fil}- ~ . TGSI0 cs " - . 0 1 uf !: 2c;", l00V I S p r:lgue 

~ ~ 
22 CDBCDl 30J03 C D, 10 " -33 p r. soov 2 Cornell-DubWer 

23 NLW 35- 50 c12. 13 Capac itors, Fixed - JS ur. S0 V 2 C ornell Dubille r 

~ 24 

@) @) 25 CD6EDSGOJ 03 C7,8 , ll C np:ic lto rs. Flxed - 56 pr soov 3 Cornell-Du.biller 

26 

--{gB- --@Il- 27 T 1O32 C Rl-0 DIODES 9 T exa11 Instrument 

---GD- ~ 

~ u u 
28 

29 2N404 Ql, 2, TRANSISTORS • 
Q5.s .a . o 

30 2N2635 Q3,4 TRANSISTORS 2 

31 21126 35 Q7. QIO TRANS ISTO RS 2 

~@ 
---lfilID----QD- -{ga}- ~ 

32 119437-H P l P. C . TEST J ACK (YELLOW) l CINC H MFG. 

33 119437-G TP2 P . C . TEST J ACK ( BLUE) I C INC H MFG. 

34 

~ ~ -@£@- -ifil9-
~ --iMJ- -l&il- ~ 

35 1A20 Con·rorrn:il C03 Ung {Humisul ) A I R Columbi.11. T ech. Corp. 
36 

37 5 '180010 SCHEMATIC DIAGRAM RE F 

C. 2. @ ® CJ / 
3~ 

, 9 '7"-2'"' v ~ t 2 T ... .. ... s,s- - .... _ R Tt,~.-ma lJnv 

-i&!]- <D5 lhM 

-@ill-

@) 

Ql0 

<0 '1717- •HN Q3,4 T RA NS lSTOR P AD 2 Thcrm::a.lloy 

------- - - ---

A XYZ 

FIGUR E 34 



ITEM DRAWIHG OR MILITARY Q'rY 
KO. PA.RT NO. DESIC DESCJlIPTION SPJ!C PER RE><ARltS 

I PC780011 PC-111 P.c. BOARD I 
I I 
\ I 

1+ +/ 
2 CHIC/10037/3 rARD PULLER (BLUE ) I VERO t 

3 

\.__ _J_ _____ __, __ J 4 

• RC01 1.2.J.,l RESISTOR. F IXED 16K l / 4W t s,-. 4 

TPI TP2 
6 RC07 lS,24 " " 30K l/4W !: S"j". 2 

! 

1 RC01 ~~-~. " " lGOK. 1/4W !: 5~ 4 I 
8 RC01 l!l,12,11 .. ,. 7.SK l/4W - 5'/e 6 ! 

17 18 22 

0 RC07 R7 10. RESISTOR, FOC ED 4 3K 1 / 4W t 5'$. 5 

15,20,21 i 
10 RC01 R4 RESlSTOR, FIXED J, OK I /4W !5~ I 

II RC01 ns .. .. 220K 1/4W *5!• I I 

12 RC07 Rl3 .. '47K 1/4.W ts-,. I 

' 13 RC07 RIO " .. tOK t/4W t s~. I 

-mm- 14 RC20 R25 .. .. IK l/2W ! 51• I ; 

' --·- 26 " " 33K l /4W t 5~. I ; 

16 RC07 R21 .. " 120K 1/4W !s'i, I 

-[8§}- ~ ~ 17 RC07 R30 .. " 6 .2K 1/ 4W ! So/. I 

18 RC07 Rll,32 RESISTOR, FDCED 100K 1/4W -ts", 2 I 

10 RC07 R20 neslfltor, Variable, 2K 1/4W: S';. I 

0 0 0 6 0 
20 
21 

: 

22 CD7FDl51J03 C1-C4 CA PACITORS, FOCED, 150 pf,SOO'i • Corneu-Dun1ue r : 
23 CDGEC870J03 cs.cs CAPACtTORS, F DC ED, 82pf, JOOV 2 Corne ll-Dubilier 

24 DM10E39tJ0-I0OW\ C7 CAPACITOR, FOCED 390 pf, 100V I El-Meaco 

-@L)--- -@Q}- 25 TID32 CRl-9 DIOD ES 0 Texas lnstrwnent 

26 2N4.04 QI - QB TRANSlSTORS 0 

27 7717 -22 N l<Ql-8 TRANSISTOR PAD 8 TllER.'\lA LLOY 

@) -!Em- @ 2R tl!l4l7 -H TPI P. C. TE.5T JACK {YELLOW) I 

20 1194.37-G TP2 P.C. TEST JACK (BLUEi I 

30 

---{fil)- -Q2f]- @ -Gw- ~ 31 lA20 Conformal Co:itini: (HwnlsuU AIR ColumbU. Ttt:h. Corp. ~ 

32 t 

33 

-I&&- ~ -- -l&w- " S780011 SCHEMATIC -· .. 
----@@- (:) @) ---0fil-

~ -@§}- -6-~. -lmD--

~ 

36 

t 

z. 

FIGURE 35 



28 .SJl✓At,E OJ 'fR 
(SEr /Vt?Tc R) 
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I TEM 
110. 
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1G 
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21 

22 

23 

25 

2G 

27 

30 

32 

DRAWIUG OR 
PART r:o. 

PC70001 5 

MMW0SP-17 

977- 19 0 

I 02 Pl OJ!Hta 

192P22 -10 RU 

IOP7. • Jl:l-1 

I N75 •1A 

I N'173JA 

IN-1005 

31301. 0 

VC SE 1 ohm 

RC07 
RC07 

RC07 

PCJIJ00P502 

\IC IOF 

VC IO F' 

RC07 

PC 3800 ? 201 

601 0-5,\ 

121001 

6010-121\ 

Sf-:·46 

A2209 (GSJ-61 

7717 22 PAP 

OSJ7D - SS · OSJ2 

1026·2 

RC20 

J,\20 

S7fl00 l 5 

MILITARY QTY 
DESIC DESCRJPTIO?l SPEC ~!:_~ _ 

PC•ll5 P,C. BOARD 

Cl CAPACITOR .47 uf ~ S OY C or-r.e ll -Dubillc :-

C2 CAPACITOR I 000M! @ JSV Cenc nl Jnstri.:.mcr:t 

Cl CAP.,\ ClTO R . 0 1 0 nov 
C-1 CAPACITOR 500~1! @ J S\' Gener.it l n!1tr.1.--:,cr.: 

cs CAPACITOR 22uf @ nov 
co.r; CAPACITOR , I @ 100\ ' 10---. E1'.\1enco 

CR I DIODF:, ZENER 6, 0V : S';, 

CR2 DIODE, ZENEH 5, 1 V t 5~, 

CRl DIODE 

F l Ft:SE I. 6A J,\ Slow• Blow 

nt RESISTOR l ohm • SW ! 5i', CLAROSTAT 

R? RE51STOH. 110K 1 /4\\': St;. 

Rl, ns RF'.SISTOR "· 7K l / -IW ! S';, 

R4.R8 RESISTOJt IK, 1/':N/ ~ sr, 
ns RES ISTOR V:irl:1hk SK 1 / •IW A'.\1P~rENOL 

m RESISTOR 50 ohm t ow : 5';, CU\ROs·rAT 

"' RF..'i!ST O ll -10 ohm 1 OW ! Sr', C L .\ROSTAT 

10 H I l ltF..'itSTOR I. OK I / 4\V ! Sc;', 

ln.tJ, R l4 RF-'=i!STOR, \'u. 200 ohm 1 / -1!\' 

:)1 , Q2 TltA~SISTOR, POWER PNP 

CUP CA P,\CITORS AUGAT 

CUP FUSF.: LITTLE FCSE 

CUP RESISTOR At:GAT 

L nlted Shoe !,t:.cb. 

EYELET STI:\lPSON 

PAD TRANSISTOR THERMAL LOY 

SWAGE TYPE STA~'D01" F J / ,4 Rd. A:'.L\.TOS 

El thru STANDOFFS 16 CA.'.tBION 

F. 16 
nI2 RESISTOR. i 50 ohms 1 / 2\V: s~~ 

Co nfo r mal Coallni: lllumlscall A / R Columbia Tech. C orp. 

SC HEMATI C D L\GRAM REF 

f 

FIGURE 36 



ITE>I DRAWING DA KILITART <r.Y NO. PART HO. DESIC DESCRIPTION SPEC PER JWWU<S 

I 710003 FRONT PANEL REF 

2 PA-051-10 S5 SWITCH. ROTARY (SMed &ud11) I CENTRALAB 

3 PA-024-1218 S2 SWITCH " (CODE LEVEL) I CENTRAL.AB 

4 PA-024- 7120 SI SW1TCH " (TRANSITJONl I CENTRALAB 

5 PA-024 - 1219 S7 SWITCH " UNPOT SELECT} I CE?-""TRALAB 

• PA-024-7218 S6 SWITCH .. (DISTORTION l CENTRAUB 
7 320G Ml METER (O·lOO)D, C. Micro Amper • I TRIPLETT 

8 LFll-231 S4 SWITCH. TOGGLE (ON OPP ON) I JBT (J-0129) : • LFR .. 223 S3.90 11 SWITCH. TOGGLE (ON NONE ON} 3 JBT (J -0t 28} 

10 CMJ0-3000 XOSl. lAMPnOLDER J cmCACO MINIATURE 

2. 3. 
II CMJD-O737, LENS (CLEAR) J CtnCAGO >,!IN!ATURE 

12 344 ·-· ···-· 1 : ...... ' 
13 UG-1094/U JI JACK. BMC I ECCO 
14 JJ-089 J2.J3 JACK 2 ; 

15 FHN-20G XPl.2 FUSE ROLDER 2 BUSSltAN 
: 

16 Fl FUSE l/2A (PWR) I BUSS],.lAN 

17 F2 FUSE 1/lOA {LOOP) I BU~AN 

18 273-500-TTPE M RI RESISTOR. VAR. (R<llP) BRKT I BOUR.~ 

ID 29833•1 MTG BASE. BU\.CK {Blndlnc Poat I SPECTROL 

RESET 
"TRA>l51"TI~ AU10 CODI: LEVl:L 8 

ScLEC"T OfF 

OH ADJUST M._"1 
CAL G> 

MARK 
e:,'<-

Sl'ACE 

0 .,..,, 0 ~ 
e"Z40o 

... ,~ 
••eoo 

20 29-1 BP3 BINDING POST fBl..ACK) I GRAYRJLL 
21 :u1-1 BPl.2 BtNDlNG POST (RED) 2 GRAYmLL 

22 903 S8 SWITCH. Pushbutton W/7C1040Nut I SWlTCRCRA.FT 

23 616-7 • 1 S10 W\MP. Pushbutton (GREEN LENS) I MARCO OAK 

24 1501-102 TPI TESt' POih7 (RED) I ILI-L SMITH 

25 1501-101 TP2 TEST POINT (WITT) I H.D. SMITH 

26 1501-103 TPJ TEST POINT (81..J\CK) I R. H. SMITH 

27 1501-105 TP4 TEST POINT (BLUE) I H.lLSMITR 

28 1501-107 TP5 TEST POINT (YELLOW) I IL IL SMITR 

29 1501 - 104 TP6 TEST POINT <CREEN) I R. R. SlllTH 

JO 2158 WASHER. FIBRE (J2. JJ) 2 lL H. SMITH 

~'~~SIG IN PU"T SElfCT 

-1,; o O S'ilJ 1'01.AP,\"T'( SIGI-JAL 

31 505·4 Olll-BRS·JIT LUGS, TER..\UNAL I Zierlck Mfg. (on Meter 

32 780013 BO. COMPONENT I 

":JJ"_] 382 l LAAIP, GLOW, NEON I cmCAco MINIATURE i 

I I~ 
GIJD - + 

34 

35 406PDZK1 KNOB (BAR) 2 RAYTHEON 

36 407D2Kl KNOB 3 RAYTHEON 
~':, S7 

o>J/oH 

-@ 
38 

30 

40 

41 700XML5W R3 RESISTOR, FOCED 700, SW I W2.rd Leor.ard 

0 42 RCO7 R4 RESlSTOR, FCXED 3. 9K 1/-1\V I 

43 RCO7 R5 RESlSTOR, FIXED J .DK, 1/4\V I .. RCO7 RG RESISTOR, FIXED J0K. 1 / '4W I 

45 RCO7 RT RESISTOR. FIXED 3.DK. 1/'4,W I 

•• RCO7 RB RESlSTOR. Ftx:£0 30K. 1/4\V I 



-Wv- _________ ---AjiL Ll~E 

DSC.FREQ JV-

LATE 

~-- - - - - - ___ J\l\f- 2TPI-PCI02 

3 

4 PIN V 
PCI03 

5 TPI-PCI03 
f, PINC 

PCl03 

(BIT RATE) 
EARLy-----

M/S 
TRIGGER 

M/S 
TRIGGER 

ADDING 
A PULSE 

I 
I 

7 PIN F 
PC103 

a COLLECTOR 
Q7-PCI03 

9COLLECTOR_ 
Q2-PCI03 

---------1 I Q
0
C

3
0LLECTO R 

-PCl03 

i-------- II TP2-PCI03 

LJ 12gi1:.i86SR 
SUBTRACTED PULSE 

13 

r----i---------- 14COLLECTOR Q7-PC104 

,---+--------- 1589~}eFo1°R. 
I 

l 

~-' --------· 16't,.?/f~~l8f 

A, OSCILLATOR $ COUNTDOWN 
SYNCHRONIZER FIGURE 38 



TELEGRAPH 
CHARACTER. y 

100 X BIT RATE 

SWITCH 
IN ''BIASN 

lnnnnnr---1r SWITCH 
i u u LI IN "PEAK"' 

7n·rn,.-------EARLY TRANSITIONS 
i : ·TYP, OUTPUT ONLY., FOR 02 FIG.12 

jJ ti PULSE LATE TRANSITIONS * * ONLY, FOR Q4 FIG. 12 
)If' APPEARS FOR ENO OISTOTION ONLY 

1JlJlJlJlJ1JUIJ1JlJlJ 01I'uu 
-u--··u·-u 

_-UU--LrlJlJ 
Ln.______. ____ ___,,Lil 

10 X BIT RATE - L 
WAVEFORMS FOR IX BIT RATE 

SAME AS ABOVE AT 1/10 THE SPEED 

TRANSFER$ DECADE COUNTER 
FIGURE 39 



TELEGRAPH 
CHARACTER y 

HIGH r 
INPUT-M 

5 STO 

2 VOLTS 
APPROX. 

'* =L 
2V 3V 

t t 
J7,~,J7,:J7,~, _ ___.-lsouo~~¥~ 

~75 
FILTER' N'" 

OOTTE0--

INPUT 
CIRCUIT 

1 ALTER ''OUT'' 
L.. . 

TEST POINT 

NOTE I. 
6 1/2 BITS ON 5 UNns/ 

~l l l? l i 

/-◄--16 BITS SYNC--..,~ 

J 1-
J--------.u 

LJ 
J LS 

NOTE 2 
CLAMPED 
10 GRD FOR 
SYNCHRONOUS 
OPERATION 

8, INPUT $ BIT COUNTER 
FIGURE 40 



START•~~-- I 61T ___ ,..~ 1ST TRANSITION I 2ND 
0 25o/o 50¼ 25o/o O SOo/o TRANSITION 

TIME REFERENCE ! I t=E+LY + LATE± EAI\IY---1 

l I ' I I 

2 5°k MARKING [ i 
1 

BIAS ON 1ST l 1 
1 

~ARK 

BIT OF TELE-I I L 
GRAPH SIGNAL: : I SPACE 

1
,1 I 

- ~Ill' I 11 1! ~Ill 
I ti I I I I' I 
I.JU I I I: TYPICAL 

u u I WAVEFORMS ! PEAK LOGIC 

~-..... 11~•1~
1
i,1~:•------;---,....,,.,.,....-----!=l'2S°k~S~W"RTINON 

i UJu : ~uu I ~ 
I I 
I I I 

PEAK GATE l I TPANSFERS ITRA~~ERS I : 
'-· _-..1. ALLOWED . ALLOWED . 1 

I I I 
I I 

,--~•----,------_:,_
1 

-GRO 
j ON : TYPICAL Q2 OF 

· -18 ~OLTS (APPROXJ r A REGISTER 
1 I G~E 
I 

REGISTER $ PEAK LOGIC 

FIGURE 41 



-15 V~D.C -15 V DC 

QI Q2 

6 6 
+15 V DC GRD +15VDC 

6 6 
BINARY. F.LIP-FLOP 

FIGURE 50 



-15 V DC -15 voe 

QI az 
+ 15 V DC +15 V DC 

GATE GRD 
FIGURE 51 



-15 voe -15 V DC 

QI Q2 

6 6 
+l5V DC GRD +ISVDC 

MONOSTABLE MULTIVIBRATOR FIGURE 52 



-15 V DC 

r--------------- - ------------7 
I 
I 

I 
I 
I 

I 
I 

, , • ~~+15 V DC 

I 
-15 V DC· _, I 

I 
I 

I 

I , T • ./\NV'---{_ )+15V DC 
I I 
I 

l J l 6 . I lL - --- ___________ J 
----- 1---

__./ 

SCHMITT TRIGGER FIGURE 53 
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Fig. 26 

Fig. 30 

Item 18 

Item 19 

It~m 8 

ERRATA SHEET #1 

Delete "1C4" Substitute "1C5 11 

Delete "5" Substitute "4" 

Add "41, 42" to Designation 

15 December 1970 
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ERRATA SHEET #2 

NOMENCLATURE CHANGE 

The following units bear the designation "DOT CYCLE" on 

the front panel output signal jack. All other units bear the 

~d-esignation "REVERSALS". The function of -the jack and the 

signal is not changed. 

770540 770564 
770541 770565 
770542 770566 
770543 770567 

...:·•· '- 770544 770568 
770545 770?69 
770546 770570 
770547 770571 
770548 770572 
770549 770573 
770550 770574 
770551 770575 
770552 770576 
770553 770577 
770554 770578 
770555 770579 
770556 770580 
770558 770581 
770559 770582 
770561 770583 
770562 770584 
770563 770586 

770609 




