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130 INTRODUCTION
L. 1 GENERAL

This manual contains information for the installation, operation and
maintenance of the Subcarrier Digitizer.

The Digitizer is designed for operation with a modified EMR Model 210
Subcarrier Discriminator. It samples and converts to digital data the
frequency of the Discriminator VCO, A4 six-line digital output and appro-

priate command signals are provided for recording the data on a Precision

Instrument Incremental Tape Recorder, Model RSL-150-7C. or Model PI-115%,

—
.
DN

FUNCTTONAL DE§CRIPTION

When appropriate signals are received from the Discriminator, the
frequency of the Discriminator VCO is regularly sampled by a period measure-
ment method. In each sample taken, the signal from a 100 KHz, clock is
counted by an eight-bit data counter for the duration of eight complete
cycles of signal. The contents of the data counter, and word designator
bits, are read out in two six-bit characters at a 125 character per second rate.

The Digitizer is constructed of plug-in printed circuit cards in two
separate card cages designed for mounting in 19" racks. The upper cage,
Unit A, contains signal processing, timing, and control circuitry, with
all normal operating controls and indicators located on the front panel.
The lower cage, Unit B, contains the data counter, storage buffer, and read-
out logic circuitry. Each cage contains a Model 10014 régulated power supply
which provides all normal operating voltages required for the circuits in
the cage, except for - 105 v. DC, which is taken from the EMR equipment.

Test points are provided on a Test Point Card located in the upper
cage, and a row of neon indicators which display the steady state contents

of the data counter are located on a card in the lower cage. Both front



panels are hinged and may be swung open to provide easy access to all
circuits and test points. Measurements may be made on any circuit by
using the extender cards provided.

An output is provided which indicates whether or not a digital record
is being written. This output may be recorded by a pen recorder simultan-
eously with the analog output of the EMR Discriminator to facilitate cor-

relation between digital and analog records.



2.0

2.1

SPECIFICATIONS

AUXTLIARY EQUIPMENT

The Digitizer is designed for operation with a EMR Model 210 Subcarrier

Discriminator supplied and consisting of

and

Model 210A-05-26492B Discriminator (modified)
Model 210B-02-0.66-7.5%-26492B Channel Selector
Model 210C-01-00160.0-26492B Output Filter

Specifications of the Discriminator are given in Section 2 of the

Instruction Manual of the EMR Model 210 Subcarrier Discriminator.

The specifications given in the paragraphs below relate only to the

Subcarrier Digitizer.

2a2

ELECTRICAL SPECIFICATIONS

2.2.1 Input Signals: Test points TP-3 (LIM) and TP-L (VCO) of the EMR

Model 210A Discriminator provide the necessary signal inputs for the
operation of the Digitizer.

2.2.2 Input Frequency: Unambiguous outputs are obtained for an input

frequency range of 656.25 + 7, 5% using prescribed data counter presets.
Frequency deviations up to * 10% may be measured, depending on the
preset chosen.

2.2.3 Sample Accuracy: Quantization noise error is # 1 count. Error

due to slight variation from exact periodicity of the sampling period,
is less than 0.5 counts for modulating frequencies up to 6.25 cps.
at £ 7,5% deviation.

The total error is then less than & 1.5 counts, which corresponds
to a subcarrier frequency measurement within + 0.91 cps. of the true

frequency and an information accuracy within = 0.93%.
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2.2.4 Output Signals: The data and incremental recorder control out-

puts are two-level logic signals. A "logical 0" is represented by a
voltage level in the range -0.2 t-O.Z volts and a "logical 1" by
-10 * 2 volts. The 10 - 90% rise time is less than 0.5 us.

The data is presented to the recorder 80 us. before the STEP’
cormand, and the inter-record GAP signal follows a last step command
by at least 10 ms.

The output format is given in appendix A,

2.2.5 Qutput Load: The maximum load on any output is the combination

of 1000 pf. to signal ground, 880 ohms to -12 volts DC, and 1400 ohms
to DC ground. Any combination of loads may be applied, but no single
type of load should exceed the value stated.

2.2.6 Line Voltage: Power line supply voltage required is 117 volts,

60 cycle AC,

MECHANICAL SPECIFICATIONS

a. Physical Dimensions: Each section of the Digitizer is 5 3/16"

high, 17 1/2" wide, excluding the brackets for mounting in a 19"
rack, and 10 3/8" deep, excluding front and rear panel projections.

b. Operating Temperature: 0° to 500 C.

c. Cooling: Natural air convection.



3.0 INSTALLATION AND OPERATION
3.1 INSTALLATION

B Lol EQUIPMENT SUPPLIED
The complete Digitizer equipment consists of the following:
Unit A - Upper chassis
Unit B - Lower chassis
Interconnection cables - W1, W2, W3, Wi
Power Cord
. Instruction Manual (2 copies)

Spare Printed Circuit Cards - one each of the following:

LXH-M

A35-M

026-L

A26-M

8SA-M

LXG-M

ZLD-1101

SCD-1102

MNO-1106

PRS-1103 (3 cards)

An EMR Channel Selector and Output Filter described in Section 2.1 is

also supplied.

3.1.2 MOUNTING

Unit A should be mounted directly above Unit B in a 19" rack.



3153 COOLING
Adequate cooling should be provided to limit the ambient temperature

to a maximum of 50 degrees Centigrade.

3.1.4 ELECTRICAL CONNECTIONS
3.1.4.1 Power: Connect the power cord between the power receptacle
on Unit A and a 115 volt, 60 cycle, "U" grounded power outlet,

3.1.4.2 Discriminator to Digitizer: Terminate the wires of the cut

end of W1 with supplied terminal lugs and connect to TB 1 of the EMR

Rack Adapter as listed below.

Wl Wire ITB 1 Terminal
Black 20
BrOWﬁ 19
Green 18
White 17
Red 16

Connect the female connector of W1 to J1 on Unit A,
3.1.4.3 Unit A to Unit B: Connect cable W2 between receptacles J2
on Unit A and J3 on Unit B.

3.1.4.4 Digitizer to Recorder: Connect cable W3 between J4 on Unit B

and J105 of the PI Recorder.

3.1.4.5 Printed Circuit Card Connections: Plug the printed circuit

cards securely into the card connectors.
The sixteen card locations in each rack are numbered (but not
marked) from left to right. The proper card type for each location is

listed below.



Unit A Unit B

Location Card Type Location Card Type
1 No Card 1 EXT
2 KG-100 2 EXT
3 LXH 3 No Card
L LXH L No Card
5 LXH 5 No Card
6 A3s 6 LXG
7 026 7 MNO
8 - N26 8 PRS
9 A26 9 4XH
10 854 10 LXG
11 TPC T N26
12 LXG 12 4XH
13 LXH 13 N26
14 LXH 14 026
15 SCD 15 N18
16 Z1D 16 8SA
3.1:5 EMR DISCRIMINATOR MODIFICATION

The modification to the EMR Discriminator and Rack Adapter consists
of adding the following wires:
Inside Discriminator
IP-3 te 1P1-C

TP.4 to 1P1-E



Discriminator to Rack Adapter
J5-C to TB1-19
J5-E to TB1-17
J5-A to TB1l-16
Rack Adapter

TB2-20 to TBl1-18
3.2 OPERATTON

8241 CONTROLS, INDICATORS, AND TEST POINTS
The location, function, and description of all indicators, test points,
and operating controls are given in Tables 3-1, 3-2, and accompanying

Figures 3-1 and 3-2.

3.2.2 DATA COUNTER PRESET
The card PRS must be wired to preset the data counter. The relation
between preset number and output is given in Appendix A, Wiring lists

for any preset are given in Table 3-3 and a diagram of card PRS in

Figure 3-4,

3.2.3 INTITTAL OPERATION AND ADJUSTMENT

3.2.3.1 Preliminary Inspection: Insure that the proper circuit card

type is in each card location, and that each card is securely plugged
into its connector. The card type designated for each location is

given in Section 3.1.4.4,

3.2.3.2 Power Supply Adjustment Procedure: Energize the equipment

by placing the switches on the front of each power supply and the
POWER switch on the front panel to the ON position. The POWER indi-

cator lamps above those switches should glow.
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X

Location of Preset Card Wires

Card Pins to be Wired

Table 3-3.

X

146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
186
182
184
186
188
190

Preset
Number

X
X
X
X
X
X
X

192
19k
196
198
200
202
204
206
208
210
212
214
216
218
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Figure 3-3.Card PRSShown Wired
For Preset Number (Np) = 180.
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Figure 3-5. System

Interconnection Diagram

SUBCARRIER | EXTERNAL
DIGITIZER EQUIPMENT
|
Ji ( (Pl Wl | EMR Model 2224 Playback
) ! Rack Adapter Recorder
.|
Unit A |
J6} P6|W4 Strip Chart
( ( rip Char
i | Recorder
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JS ——— 117 VAC, 60 cycles
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J2
A é—
|
|
w2
|
l
J3l a '
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Unit B I
I
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I
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Measure the power supply output voltages from the test points
provided on the front panel of each supply and adjust each to (%) 12,0
volts with the potentiometers R6. These locations are shown in Figure 3-2
by designators 6 and 7.

3.2.3.3 System Checkout:

1. Determine the data counter preset number Np, and calculate

the output numbers as in the chart below:

Input Frequency Ng Output Number for
(cycles/sec) Calculation Np = 180
705 bOl-Np 221
656 316_Nb 136
607 217-Np 37

2. Connect an audio oscillator output to the input of the
EMR Discriminator, adjust the oscillator frequency to 656

* 1 cps. and amplitude to at least 60 millivolts as indicated
on the SUBCARRTER AMPLITUDE meter of the EMR Discriminator
power supply.

3. Place the MODE switch of the digitizer in the WRITE
position. The MANUAL and WRITE indicators only should glow.
Observe the neon indicators on the card in Unit B of
the Digitizer (Location B-15). Add the numbers printed on
the card next to lighted indicators. The sum should agree
closely (within 1 or 2) with the output number calculated

for a 656 cycle input in paragraph 1 of this section.
4., In a similar manner, check the output numbers obtained

for input frequencies of 607 and 705 cps.
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5. With a signal input as describéd above, between 607 and
705 cps, place the MODE switch in the AUTO position., Now
only the AUTO and WRITE indicators should be lighted, No
change should be noted in the output number neon indicators
when the switch is made.

6. Change the audio oscillator frequency to a point well above

or below the frequency at which the EMR Discriminator LOCK LOSS
indication occurs. The WRITE indicator on the Digitizer should
turn off and the INHIBIT indicator should glow.

7. Ready the Incremental Tape Recorder for operation and

place the Digitizer MODE switch in the WRITE position., The
recorder should step regularly at 125 steps per second.
Stepping may be stopped by returning the MODE switch to the
INGIBIT position., Each time the Digitizer switches from

WRITE to INHIBIT mode, the incremental recorder should record
an inter-record gap, regardless of whether the mode switch

is performed automatically or manually.

8. If the Digitizer fails to operate as described above,

refer to Section 5 for appropriate corrective maintenance.

3.2.4 NORMAL OPERATION
a. Adjust speed of playback tape recorder to the appropriate speed.
The center frequency of the subcarrier signal should be 656 cps.
b. Adjust output amplitude of the playback recorder to a level between
60 mv. and 10 v. r.m.s. (See EMR Subcarrier Discriminator Instruction
Manual for complete specifications regarding signal input, )
c. Energize the Digitizer and place the MODE switch in the AUTO
position.

d. Load the incremental recorder.
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e. Start the playback recorder. It should be noted that the WRITE
indicator lamp glows only when the EMR Discriminator maintains phase
lock with the signal input from the playback recorder. When phase
lock is lost and the Digitizer switches to the INHIBIT mode, the

incremental recorder will write an interecord gap.



L

4,0 THEORY OF OPERATION

b1 SYSTEM OPERATION (Refer to Figure 4-1)

Signals from the EMR Discriminator VCO and limiter are processed by
the Signal Detector card (SCD). The Signal Detector enables the Timer
only when phase lock exists between the discriminator limiter and VCO
signals (WRITE mode). If phase lock is lost, due to excessive noise or
loss of subcarrier signal at the input to the EMR Discriminator, the
Signal Detector will inhibit operation of the Timer and initiate genera-
tion of an inter-record GAP command (INHIBIT mode). If the MODE switch
is placed in one of the MANUAL positions, the Signal Detector is rendered
inoperative and the mode of system operation is determined by the MODE
switch position.

System timing is derived from the 100 KHgz crystal controlled clock
(Card KG-100-42).

Timing signals to sequence the operation of the system circuitry and
the Incremental Recorder are generated by the Timer and associated Control
Logic., The Timer is a 12-bit binary counter which resets every 1600 counts
to establish a system operation cycle of 16 ms. Timing signals for the
sequencing of the operations performed during the 16 ms. cycle are gener-
ated by the Control Logic from certain combinations of logical states in
the Timer flip-flops.

The Zero Crossing Detector (Card ZLD - A16) generates a 10 us. pulse
at each zero crossing of the signal from the EMR Discriminator VCO,

At the beginning of the 16 ms. cycle of the timer (Reset) the Zero
Crossing Counter is enabled. The Zero Crossing Counter opens the Total-
izing Gate (A35-5-A6) when the next output pulse from the Zero Crossing

Detector occurs (Figure 4-2)., The Totalizing Gate is closed upon counting
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the seventeenth zero crossing pulse after the Zero Crossing Counter has
been enabled. The Totalizing Gate will have then been open for eight com-
plete cycles of VCO signal input. When the seventeen zero crossing pulses
have been counted, the Zero Crossing Counter resets until it is again
enabled by the Timer,

The Data Counter is an eight bit binary counter. It is preset to a
state determined by the wiring of the preset card (Card PRS - B8) 180 us.
before the Zero Crossing Counter is enabled. The Data Counter counts clock
pulses for the interval that the Totalizing Gate is open and its contents
are read out to the Buffer and Output Logic circuits 140 ws. before the
next preset occurs. The Totalizing Gate is always closed before Data Counter
readout occurs, provided that the input signal frequency to the system is
not less than 400 cps. This frequency is far lower than any subcarrier
frequency expected and represents a frequency deviation much larger than
that allowed for an unambiguous data output.

The eight bits of data are read out in groups of four bits every 8 ms.,
to the incremental tape recorder. When the Counter Readout signal occurs,
the data of the four most signigicant bits are presented to the recorder
through the Output Logic circuits and the data of the four least signi-
ficant bits are transferred to the Buffer, The Buffer consists of four
J-K flip-flops with input AND gates (Card 4XG. Bl11l). The sequence of buffer
readout and reset is similar to and follows the counter sequence by 8,00 ms,

The Output Logic gates the counter and buffer outputs with eight NOR
gates (Cards N26, B12-B13) using gate signals from the Control Logic, and
channels these outputs with six OR gates (Card 0-26, B15) to the Squaring
Amplifiers (Card 8SA, Bl16). The Squaring Amplifier outputs are applied to

the data track inputs of the incremental recorder.
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h,2 DETAILED THEORY

Lh,2,1 GENERAL

Throughout the Digitizer system, circuit output levels of -10 # 2 v.
correspond to a logical "one" and output levels of -0.2 % 0.2 v. correspond
to a logical "zero".

In the discussion to follow, counter stages and their outputs are
referred to by numbers from 0 to N, where N + i is the total number of
stages in the counter. The d stage is the stage containing the least
significant bit and suceeding stages are numbered in order to N, which
contains the most significant bit.

The number contained in any counter is here always defined as the
binary number represented by the logical levels of the F outputs of the
counter., In the discussion, the decimal equivalent of those numbers is
always given., See Appendix B for example of converting a counter state to
a decimal number,

Wyle Laboratories Germanium Logic Modules are described here in terms
of logical function only. Individual circuits are designated by a code in
the form

(oxx-x-xx)
card location
circuit number (as numbered on module block

diagrams in Section 5)

card type
Example: (8SA-6-A10) refers to Squaring Amplifier 6 on the card in location
Alo,
A description of the operation of the logic circuits used in this system

is also given in Appendix B.
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h.2.2 SIGNAL DETECTOR (Figures 4-2.1, 4-2.1a, and Dwg. 101-024)

The signal from the Limiter of the EMR Discriminator is applied to
the emitter follower stage (Q201), which presents a high input impedance
to the Limiter signal. The network between the emitter of Q201 and diode
D201 sums the Limiter signal (a square wave) and the VCO signal, which is
differentiated by the small input capacitor C203 and the resistance of
the network.

The positive pulses of the differentiated VCO signal will forward-bias
D201 and trigger the 1.5 ms. multivibrator (QZOZ; Q203), unless the negative
half-cycle of the Limiter signal is present at the same time.

The signal conditions necessary to trigger the monostable are 1) loss
of phase lock between the Limiter and VCO in the EMR Discriminator, or 2)
there is no signal output from the Limiter. The first condition results
from excessive frequency deviation or noise in the (subcarrier) input signal
to the EMR Discriminator and the second results from a loss of input signal.

Signals from the monostable are detected and integrated by the network
consisting of D202, R209, and C205, If a lock loss or signal loss persists,
capacitor €205 will charge to a voltage sufficient to turn on the Schmitt
trigger circuit (Q204, Q205). The Schmitt trigger will remain on until
phase lock is again restored.

The output of the Schmitt trigger is amplified and placed at proper
logic level voltages by the final two stages (Q206, Q207).

The output of the Signal Detector sets +the mode of system operation
to WRITE or INHIBIT, In the WRITE mode (normal signal present and Schmitt
trigger off), the F output is at a logical zero level and the F output is
at a logical one level. These output levels are reversed when the Schmitt
trigger is turned on due to loss of phase lock, and the system operation is

inhibited (INHIBIT mode).
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Figure 4-2.1.

Discriminator
TP-4 (VCO)

Discriminator
TP-3 (LIM)
SCD-A15

Signal F

Signal Detector Block Diagram.
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ZLD-2-A16
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———3| Driver ._)@
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j Driver
1 Write
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s Monostable p———>
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1., Limiter signal to loss of lock circuit:
+11. 5v.
+6, 5v.___] L
2. VCO signal to loss of lock circuit:
Ov.
-15v, | ST
3. Coincidence of 1 and differentiated 2:
(normal operation)
% s h\ | v( kg P{
-9v. V( .__J\___ e
~3v.
Lk, Coincidence of 1 and differentiated 2:
(loss of lock operation)
Phase errrr
v,
-9v,.

Figure U4-2.1a
OO Wasrafarme




The state of the Signal Detector is indicated on the front panel by
lamps I-1 (WRITE) and I-2 (INHIBIT). These lamps are controlled by Lamp
Drivers 1 and 2 respectively, whichlare located on card ZLD-A16,

Lamp Drivers 1 and 2 and lamps I-3 and I-4 indicate whether the mode
is selected manually (MANUAL) or automatically (AUTO) as shown in Figure
L4-2,1,

The incremental recorder requires two input signals, GAP and GAP
ENABLE, to record a inter-record gap on the tape. If one of those inputs
has been at a logical 1 level for at least 10 ms., the transition of the
other input from logical 0 to logical 1 will initiate the gap recording
sequence. The Signal Detector F output presents the first logical 1 to
the GAP input when the Digitizer switches to the INHIBIT mode. At the
same time, the Signal Detector F output triggers the monostable MNO-B7,
After 10 ms., the monostable output applies the 0 to 1 transition to the

recorder GAP ENABLE input,

4,2.3 CLOCK

The system clock is a 100 KHz, crystal controlled oscillator (KG-100-
1-A2) with a frequency stability of approximately 1 part in 105 under
normal operating conditions and 1 part in lO4 over the temperature range
0 to 50o C. The output is a Square wave alternating between normal system

logic levels.

L,2.4 TIMER
A block diagram of the Timer circuits is given in Figure 4-2, Also

refer to the system Logic Sequence Chart, Figure 43,

The Timer contains a 12-bit counter driven by the Clock. Outputs from

this counter are used in the Control Logic, by which most system timing

27
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signals are generated. Counter outputs are designated by the binary bit
place and the side of the flip-flop from which it is taken, for example,
Bit 0 F represents the F output of fhe first stage of the counter.

In the WRITE mode (Signal Detector F output at logical 0), there is
a logical 0 at the Bit 0 DC Set and Reset inputs and the counter is allowed
to operate.

When the counter number reaches 2048, Bit 11 F switches from logical
1 to logical 0. This signal sets flip-flop 4XG-2-A12 to a logical 1 state.
The logical 1 outpuf of the flip-flop is applied to appropriate DC Set or
DC Rese£ inputs of the Counter. The combination of inputs selected resets
the counter number to 448, so that 1600 clock pulses are required to bring
the counter to the next reset operation.

Forty ps. (four counts) after the reset logical 1 occurs, Bit 2 F
switches from logical 1 to logical 0 and resets flip-flop 4XG-2-A12, end-
ing the reset operation. At the same time, the F output of 4XG-2-A12 and
the F output of Bit 11 are ANDed (A26-4-49) to produce a logical 1 which
restores the F output of Bit 11 to a logical 1.

Squaring amplifiers shown in Figure 4-2 are used where necessary to
meet loading requirements.

When an INHIBIT signal is received (Signal Detector F at logical 1),
the Timer counter is stopped by applying a logical 1 to the DC Set and
Reset inputs of Bit 0, Also, a logical 1 is applied to the DC Reset input
of Bit 11, which sets the Bit 11 F output to a logical 0, initiating a
reset signal.

Counter operation resumes with the return of a WRITE signal and the

reset operation is ended as described above.,
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b.2.5 CONTROL LOGIC

The sequence of operation of the Control Logic circuits is given below
with reference to the Control Logié Block Diagram (Figure 4-4) and the
System Logic Sequence Diagram (Figure 423). Numbers in parenthesis indi-
cate the decimal equivalent of the number contained in the Timer counter.
The action of the Timer counter in reaching that number initiates the oper-
ation described.

(1216) The inputs 10 F, 7 F, 6 F, 8 F, 9 F arrive at logical 1, switching
the AND gate (A26-3-A9) output to logical 1. This AND output is inverted
by the inverting amplifier (N26-3-48) to set flip-flop 4XG-4-A12 to the 1
state. This initiates the Buffer Readout signal and applies a logical 0
to NOR gate N26-1-A8,

(1224) Input 3 F switches to a logical 0 and sets the NOR gate to a
logical 1. Either NOR gate in the Control Logic at logical 1 produces the
Step command via OR gate 026-1-A7 and Squaring Amplifier 8SA-8-B16.

(1230) The inputs 1 F and 2 F switch to a logical 0 to produce a logical
1 at the output of the NOR gate (N26-4-A8), The combination of logical 1's
from the NOR gates (N26-4-A8, N26-1-A8) applied to the AND gate (A26-1-A9)
results in a logical 1 output. That output is the Buffer Reset signal
which is applied to the Buffer via Squaring Amplifier (8SA-2-410).

(1232) Input 4 F switches to a logical 0. This 1) resets the flip-
flop, ending the Buffer Readout pulse, and 2) returns the NOR (N26-1-A8)
output to logical 0, ending the Step command. With the NOR output at
logical 0, the AND gate (A26-1-49) output also goes to zero to end the
Buffer Reset pulse,

(2016) The combination of AND gates A35-1-A6, A35-4-A6 and A26-5-A9

perform the same logic operation as a single 6-input AND gate, Flip-flop
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U4XG-1-A12 is therefore set when inputs 10 F, 7 F, 6 F, 9 F, 8 Fand 5F

all reach the logical 1 state. TFrom this point, the arrangement and sequence
of operation of the circuits generating the Data Counter Readout and Reset
commands is exactly similar to that of the circuits generating commands to
operate the Buffer. The sequence of operation here follows the sequence
described above by exactly 800 counts (8 ms.), hence the operations which
occur at (1224), (1230), and (1232) are repeated in the Data Counter control

circuitry at (2024), (2030), and (2032) respectively.

h,2.6 ZERO CROSSING DETECTOR (ZLD-Al6, Dwg. 101-01A)

The input emitter follower (Q101) presents a high impedance input for
the signal taken from the EMR Discriminator VCO, The emitter follower
output is "squared" by amplifier (Q102) and differentiated by the networks
€101, R106 and C102, R107 to give alternating positive and negative pulse
outputs. The 10 us. multivibrator is triggered on the negative pulses
through D101 and on the positive pulses through D102, A negative pulse
output from the monostable is then obtained with each zero crossing of
the input signal from the VCO., This output is used to trigger the Zero

Crossing Counter.

L,2.7 ZERO CROSSING COUNTER

Refer to the Zero Crossing Counter Blogk Diagram (Figure 4-5) and the
System Logic Sequence Diagram (Figure 4-3).

After a sample is completed (Pulse #17 has occurred), the Zero Crossing
Counter (ZCC) is in the following state:

1) Flip-flop 4XG-3-A12 is set and a reset logical 1 is applied to

appropriate inputs of Bits 0 through 4 to reset the ZCC number to 15.

A logical 0 is also applied to one input of the AND gate (A35-2-46)

to biock input pulses from the Zero Crossing Detector.
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2) Bit 5T output is at a logical O.

When the Timer reset pulse is applied to the flip-flop (LXG-3-A12)

AC O input, the flip-flop resets and returns the ZCC reset signal to logical
0. Also, a logical 1 is now applied to the AND gate (A35-2-A6) to enable
the ZCC to count pulses from the Zero Crossing Detector. The Timer reset
pulse also sets Bit 5 F output to a logical 1 level.

With the ZCC enabled, the next output pulse from the Zero Crossing
Detector (Pulse #1) advances the ZCC mmber to 16, switching the Bit 4 F
output to a logical 1, The Data Counter is allowed to count clock pulses
applied to AND gate (A35-5-46) as long as the ZCC Bit 4 F output remains
at logical 1, so the sample is begun with the arrival of Pulse #1.

The ZCC continues counting normally until Pulse #17 occurs., This pulse
advances the counter number to 32, at which Bit 4 F and Bit 5 F output
move to the logical 0 state.

When Bit 4 F returns to logical 0, the clock input to Data Counter is
stopped, so that Pulse #17 ends the sampling interval.

The action of Bit 5 F moving to a logical 0, resets flip-flop 4XG-3-A12
to a logical 1, to again reset the ZCC, The ZCC is now in the state first

described and is again ready for another sequence of operation.

4,2.8 DATA COUNTER (Figure 4-6)

The Data Counter is an 8-bit counter consisting of the two 4-bit
modules 4XH-B9 and 4XH-B12, The Preset Card wiring determines the number
to which the counter is reset, depending on the choice of counter reset
inputs connected to the Counter Reset lead.

The Data Counter counts clock pulses during the interval that the
Sample Gate input from the Zero Crossing Counter is at a logical 1, and

stops counting when the Sample Gate input is at logical 0.
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In normal operation, the Counter Reset pulse will occur only when the

Zero Crossing Counter is stopped.

L.2.9 BUFFER (Figure 4-7)

The contents of the four least significant bits are read into the
four flip-flops (4XG-Bll) of the Buffer when the Counter Readout pulse
occurs. The leading edge of the Counter Readout pulse (complemented)
applied to the AC O input of flip-flop (4XG-2-B6) switches the F output of
that flip-flop from a logical 1 to a logical O.

If the AC1 input of a Buffer flip-flop is at a logical 1 when the
Counter Readout pulse occurs, that flip-flop will switch to the Set state
(F output at 1, F output at 0), If the ACl input is at a logical O when
the Counter Readout Pulse occurs, the flip-flop will remain in the Reset
state as established by a previous Buffer Reset pulse. The Buffer Reset
is applied to the DC Reset input of the Buffer module.

Flip-flop (4XG-2-B6) F output is returned to a logical 1 state when

the Sample- Gate switches to the logical 0 state at the end of a sample.

4,2,10 OUTPUT LOGIC (Figure 4-8)

The Buffer outputs are complemented by their respective NOR gates
when the Buffer Readout complement signal goes to a logical 0 (during .
Buffer readout interval). The NOR outputs are then presented to the recorder
data tracks 4, 8, A, and B via their respective OR gates and squaring
amplifiers as shown in Figure 4-8,

At the same time, the Buffer Readout signal at logical 1 (not comple-
mented) is applied to the OR gates leading to data tracks 1 and 2, so that
a 1 will always be recorded on those with each Buffer readout.

(See Appendix B for description of the operations performed by various

logic elements.)
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The four most significant Data Counter bits are read out in a similar
manner with the Counter Readout signal, with which a logical 1 is always
presented to recorder data tracks A and B.

A Step command follows 80 uws. after either a Counter Readout or a

Buffer Readout pulse occurs.
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5.0 MAINTENANCE

5.1 If the Digitizer fails to operate as described in Section 3.2, the

corrective maintenance procedure outlined below should be followed.

Selal VISUAL INSPECTION
Check for loose cards, cards in wrong locations, burned or broken
components and wires on cards and front panel, etc.

Check operation of indicator lamps,

Bulle2 VOLTAGE CHECK

If trouble is not found by visual inspection, measure the voltage
outputs of the two power supplies (See Section 3.2.3 b.). If any power
supply output is not in the range of 11.75 to 12.25 volts, adjust to 12.0

volts and check for normal system operation.

5:1:3 SIGNAL TRACING

The trouble may usually be quickly localized by observing the operating

deficilencies, front panel neon indicators, Data Counter output neon indicators,

and the signals on the Test Point Card, all with reference to the System

Block Diagram (Figure 4-1) and System Logic Sequence Diagram (Figure 4-3).
Detailed signal tracing may be performed by referring to the subsystem

block diagrams of Section 4 and the circuit drawings and wiring lists contained

in this section. The Extender Cards, normally stored in locations Bl and

B2, allow easy access to any point in the system circuitry.

5.1.4 DETECTION OF FAULTY SIGNALS
If a circuit does not respond normally to an input signal, check the

voltage levels and rise times of all inputs to the Wyle circuit modules.
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A1l logical 1 levels should be -10 = 2 v. and all logical O 1evéls should
be -0.25 £ 0.25 v,

The 10 - 90% rise times of signal inputs to flip-flops and counters
should not be less than 0.5 us.

If inputs are not as specified, the trouble may be in the circuitry

providing those inputs, rather than in the circuit which does not respond.,

5.1.5 CIRCUIT REPAIR
Wyle circuit modules which prove defective in workmanship or materials

before January 1, 1976 should be returned to

Wyle Laboratories Products Division

133 Center Street

E1l Segundo, California 90246

Phone (213) ORegon 8-4251

TWX 910-348-6283
The manufacturer's warranty provides for replacement and repair of modules
which prove defective, if not operated over published rating or subjected
to other misuse. Transportation costs of these modules, to and from the
user will be paid by Wyle Laboratories.

Other circuit modules in the system including power supply may be

repaired by the user.
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SECTION 6

REPLACEABLE PARTS LIST

Table 6-1  Subcarrier Digitizer Replaceable Parts
]
Cireuit Manufacturer
Sjy‘mbol Description Name Part No.
PANEL, Front, Unit A ESIL
PANEL, Front, Unit B ESTL
EL, Rear, Unit A ESIL
IEL, Rear, Unit B ESTL
ENCLOSURE, Card (Except side panels) Elco 03-9016-
D6-1-00
PANELS, Side, for Card Enclosure ESTL
GUIDE, Printed Circuit Board, Elco 53-9016-
Polycarbonate plastic 120k
KNOB Raytheon [DS125-3-2
CONNECTOR, Printed Circuit Card, 22 pin Amphenol [143-022-03
MODULE, L General Purpose Flip-flops Wyle X G-M
MODULE, 4 Bit Binary Counter Wyle )\ XH -M
MODULE, Six 2-input AND Gates Wyle AD6 -M
MODULE, Five 3-input AND Gates Wyle IA35 -M
MODULE, Six 2-input OR Gates Wyle 026 -1
MODULE, Six 2-input NOR Gates Wyle N26 -1
MODULE, 8 Squaring Amplifiers Wyle 3SA-M
MODULE, Crystal Controlled Oscillator Wyle KG100-M
MODULE, 8 Neon Indicators and Drivers Wyle CNI-D
MODULE, Zero Crossing Detector ESIL ZIL.D-1101
and Lamp Drivers
MODULE, Signal Detector ESIL 5CD-1102
MODULE, Preset Wiring Card ESIL [PRS-1103
MODULE, Test Point Card ESIL TPC-1104
MODULE, Extension Card ESTL
MODULE, Monostable Flip-flop ESIL MNO-1106
POWER SUPPLY, + 12V., 800 ma. output ESIL 1001A
ClOl, €102, | CAPACITOR, 680 Pf., 1000 WVDC, 5% Sprague [LOTCU-T68
@103
c201 CAPACITOR, 68 Pf., 1000 WVDC, 5% Sprague [LOTCC-Q68
€202, C602, | CAPACITOR, 0.1 uf., 35 WVDC Kemet KR1C35K
€203 CAPACITOR, 35 Pf., 1000 WVDC, 5% Sprague [LOTCC-Q39
C601 CAPACITOR, 0.0l uf., 200 WVDC, 10% Sprague [192P-10392
C205, C204, | CAPACITOR, 4.7 pf., 35 WVDC Kemet KURTC35K
D101, D102, | DIODE Sylvania [IN627
D201
D202, D203, | DIODE T 145 7A
D20k, D205,
D206
I1 NEON CARTRIDGE, /W/Clear Lens Dialco [38-937
12, I3 NEON CARTRIDGE, /W/Red Lens Dialco [38-931
Ih NEON CARTRIDGE, /W/Amber Lens Dialco [38-933
15 INCANDESCENT LAMP CARTRIDGE, Dialco [B9L-1k4-
/W/Red Lens 471
CLIP, Lamp Cartridge Dialco [7538-xP51
CONNECTOR, Lamp Cartridge Dialco L7538-XP50[

UM

I\



Table 6-1 (Cont'd.)

R101, R115-1,

R115-2,R115-3]
R115-4,R116-1
R116-2,R116-3

R116-4

R102

R103

R10Lk, R106,
R107, R109,
R20Ok, R211,
R601, R218
R105, R110,
R111, R206,
R208, R220,
R602

R108, R215
R60L4

R112, R113-1,
R113-2,R113-3
R11k-k, R216,
R217
R11k-1,R11k-2
R114-3,R11k-4
R201

RESISTOR, 100K, 1/UW., 10%

RESISTOR, 2LOK, 1/Lw., 5%
RESISTOR, 4.7k, 1/W., 10%
RESISTOR, 10K, 1/4w., 10%

RESISTOR, 1K, 1/WW., 10%

RESISTOR, 68K, 1/WW., 10%

RESISTOR, 22K, 1/Lw., 10%

RESISTOR, 75K, 1/4W., 5%

|RESISTOR, 3.3K, 1/hw., 10%

Circuit Manufacturer
Symbol Description Name Part No.
J1 CONNECTOR, Panel, 5 Contact, Female Amphenol | 165-35
J2 CONNECTOR, Panel, 2L Contact, Female Amphenol | 165-28
J3 CONNECTOR, Panel, 2L Contact, Male Amphenol | 165-27
Jh CONNECTOR, Panel, 20 Contact, Male Amphenol | 165-11
J5 CONNECTOR, Panel, Power, Male Amphenol | 160-5
J6 JACK, Phone Switch- | 424
craft
P CONNECTOR, Cable, 5 Contact, Female Amphenol | 165-34
p/o Wl
P2 CONNECTOR, Cable, 2L Contact, Male Amphenol | 165-25
p/o W2 :
P3 C?NNECTOR, Cable, 24 Contact, Female Amphenol | 165-26
p/o W2 '
PL CONNECTOR, Cable, 20 Contact, Female Amphenol | 165-10
p/o W3
P6 PLUG, Phone, p/o Wh Switch- | 755
|craft
CORD, Power, 3-Conductor Belden 17460
Q1l0l, Ql02, |TRANSISTOR Fairchild| 23638
Q201, Q202
Q203, Q204
Q205
Q103, Q1lOL4, |TRANSISTOR T 2N1305
Q207
Q105-1, TRANSISTOR RCA 2N398B
Q105-2,
Q105-3,
Q105 -k
Q206 TRANSISTOR i N 2N130L
Q601, Q602 TRANSISTOR RCA 2N706
TRANSISTOR MOUNTS Thermal- | 7717-5
loy

N

|



Table 6-1 (Cont'd.)

Circuit Manufac turer
Symbol Description Name Part No.
{ R205 RESISTOR, 33K, 1/WW., 10%

R203 RESISTOR, 5.6K, 1/MW., 5%

R20T7,R221 | RESISTOR, 15K, 1/lw., 10%

R209,213 RESISTOR, 47K, 1/WwW., 10%

R210, R214 | RESISTOR, 33K, 1/WW., 10%

R212 RESISTOR, 150K, 1/Mw., 10%

R219, R222 | RESISTOR, 560, 1/2W., 10%

R603 RESISTOR, 18K, 1/MW., 5%

Sl SWITCH, Toggle, DPDT Alcoswitcl 215N
82 SWITCH, Rotary, 3 Pos., 2 Section Centralab| 2505
Wl CABLE ASSEMBLY ESIL

Wo CABLE ASSEMBLY ESIL

W3 CABLE ASSEMBLY ESIL

N



Al ¥

APPENDIX A

TECHNICAL NOTE TN-FMD-1

FM Subcarrier Digitizer Oﬁtput and Output Format
1. Tape Format
The content of the 8-bit data counter is read out in two characters
for recording on magnetic tape on tracks 1, 2, 4, 8, A, B in the format

shown below:

First Character Second Character
Track
1 @, 1
Z 05 1
4 ag G
8 % ay
A 1 a,
B 1 a3
€= Direction of tape motion

A logical 1 will always appear on tracks A and B of the first character
and on tracks 1 and 2 of the second character. A logical 1 or 0 in any
other position corresponds to a, = 1 or O respectively, where the ai's

represent the bit recorded.

Example 1 0 1
2 1 1
L 1 0
8 0 i
A 1 0
B 1 0




A2

denotes

h + 1 x 26 + 1 % 25 + 0 x ZLL + 10 3¢ 23 + 0 x 22 + 1 x 2l + 0 x 20 =

0x 2
OllOOOlO2 = 9810
An inter-record gap is generated and the operation of the Digitizer is

inhibited when no usable signal is present.

2. Output and Frequency Relationships

The real time subcarrier frequency range, (10,500 Kc, % 7.5%) is divided
by 16 in playback to give a new frequency range of f = (656.25 cps. * 7.5%).

The center and upper and lower band edge frequencies are now:

1l
Il

705.47 cps.
656.25 cps.

+
ax fC 49,22 cps

£
e

f .
min

I

607.03 cps.

fc - 49.22 cps.

The duration of eight complete cycles of f is measured in each sample
by counting with a 100 Kc clock to an accuracy of # 0,01 ms. The actual
measured durations and number of clock pulses counted, n, at fm. ’ fc’

in

and using
max

- a (1

T =8 (3)
are Tm.lrl = 13,18 ms. n = 1318
Tc = 12,19 ms. n = 1219
TmaX =11.34 ms. n = 1134

respectively.

The total number of clock pulses into the counter will normally vary
over a range of 184 counts, i.e. 1219(+ 99, - 85)

Let

Np = preset number in which a 1 digit corresponds to the F output of

that counter bit in a logical 1 state, i.e. counting forward.

<q



A3

N = counter number (counting forward)

NC: counter number obtained with input frequency fc

NO: output number = 255-N |

We have

n+Np:N+(Mx256) Eq. 1
where M is the number of times the counter passes through
Zero,

As the range of the counter is larger than the expected deviation in
the number of counts, we select a preset number which will result in an
equal "pad" in terms of frequency deviation at each end of the counting
range. This number is obtained by requiring that the counter number Nc

obtained with center frequency input satisfy the relation

Nc :|negative count deviatiod
range of counter range of counts
o N :M:lﬂg
c 184

Using equation 1, with N = Nc and n = 1219

1219 + Np =118 + (M x 256)

Now 0 <N <255

from which Nb =179 and M = 5

Provision is made for even numbered presets only, so assume Np: 180.
Then the counter number at center frequency will be 119, A frequency devi-
ation of #* 10% will not exceed the range of the counter for this value of Nb.

The subcarrier frequency is

f= % Eq. 2

where T is the duration of the sample of eight complete cycles of subcarrier.



g\\

]
Since there is one count every 10 5 SeC., Or

n= 1O5T
: 8 x 105
Eq. 2 becomes f= B e

Then, from Eq, 1 with M = 5,

8 x 105
(N + 1280 - Nb) Eq. 3

=

Using Np = 180 counts

and N =255-1N Eq. 4
‘0D
8 x 10
= l . E .
f 1355 - NO cyc es/sec s 5

More generally, if the frequency deviation is assumed to be no greater

than # 7.5%,

5

8 x 10

f = Eq, 6
1535 - N - W

where N? is restricted to the interval
146 < Np < 218

so that the range of the counter is not exceeded. Nb can be set anywhere
within the above range to provide greater pad at one end or the other of
the scale.

The plot on page 5 illustrates the relationship between input frequency
and data counter output number. The data points were calculated using

Eq. 6 with Nb = 180,
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APPENDIX B

Logic Operations
1.1 LOGIC CIRCUITS

1als L GENERAL

The following circuit representations and associated tables describe
the operations performed by each type of logic circuit used in the Subcarrier
Digitizer.

In this system, the voltages associated with each logic level are:

Logical 1 -10 * 2 volts
Logical 0 -0.25 + 0,25 volts
1. 1.2 GATES AND AMPLIFIERS

These circuits are dc coupled, and the output is uniquely determined

by the dc voltage levels present at the inputs.

TWO INPUT AND INPUT OUTPUT
A B Y
TR 010 0
AND —_ Y 011 0
B sy
110 0
111 1

For more than two inputs, all inputs must be at logical 1 to produce
a logical 1 output. Alternatively, if any input is a logical 0, the output

is a logical 0,



TWO INPUT OR INPUT OUTPUT
Al B Y
A 0]0 0
OR — Y ol 1 1
B — '
110 1
111 1

If any input is a logical 1, the output is a logical 1.

TWO INPUT NOR INPUT | OUTPUT
AlB Y
A olo 1
NOR |+, v ot 2
B
7| @ 0
101 0

The NOR operation is simply the complement (opposite) of the OR.
Note that if one input of a two-input NOR is held at logical 0, the
output is the complement of the logic state of the other input. Inverting

amplifiers in the Subcarrier Digitizer are formed from NOR circuits in this

way.
INVERTING AMPLIFTIERS INPUT QUTPUT

A Y

1 0

The complement of a signal A is denoted by A, The inverting amplifier

performs the operation Y = A,

SQUARING AMPLTFIERS INPUT | oUTPUT
A Y
Ais ol sk Ly 0 .
1 1
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The output follows the input, Y = A. This circuit is used to meet

loading requirements.

1,1.3 FLIP-FLOPS

Two types of flip-flops (bistable multivibrators) are used in the
Subcarrier Digitizer. These circuits have two stable states, and will remain
in either of these states indefinitely until some form of external triggering
is applied.

Two outputs are available from each flip-flop, which are designated
Fand F. T is the complement of F, A flip-flop is said to be "set" when
F =1 and "reset" when F = 0,

Certain inputs to a flip-flop are AC coupled. The state of the flip-
flop may change only when the transition from logical 0 to logical 1 (de-
noted by 1) occurs on these inputs.

The state diagrams given below describe the inputs necessary to change
the state of each type of flip-flop; If none of the input combinations
described are applied, the circuit will not change state, If, at any
instant, two input combinations occur which conflict (i.e. arrows point to
opposite states) the resulting state is indeterminate.

4 X G FLIP_FLOP

AC1 F/F ey, T
AC SET | Wi
Ty

DC RESET s B

AC 1 =1, AC SET = 1
) DC RESET =
RESET AC 0 =1, AC SET = 1 SET
AC SET =1, ACO =1



e

Bl

4 X H FLIP-FLOP (COUNTER)

mw_—_ ) FF 7
pc Sgr (81) LXH
DC RESET — | [ T
(RO)

DC RESET = 1

12 CONVERSION OF COUNTER STATE TO DECIMAL NUMBERS

Each of the many possible states of a counter is associated with a
specific decimal number. These are chosen in such a way that a change to
the next possible counter state increases the value of the associated
decimal number by one.

The number is derived in the following way. A counter containing
N stages has its stages (or bits) numbered from 0 to N - 1, as shown in

the figure below.

INPUT _,| BIT |F BIT F........ ¢ BIT F,_.__.._| BIT |F BIT |F,
0 1 m N-2 S| N-1




B5

For each bit m (m = 0, 1, 2, - - -N-1), let a =1 or 0 depending
on whether the F output is a logical 1 or 0 respectively. Then the deci-

mal number D is found by the expression

_N-l m . 50 . l+ o e 4 ZN‘]-
D= Ej amZ = ao 2 T o 2 : aN-l

m=0 E
Example:

A four bit counter is in the state shown below.

INPUT ) BIT [F = YBrr |F=0JBIT |[E=1)BIT |[F=1,
0 i 2 3
Then a, = 1L a, = 0y a, = 14 aB =1
o) 1 2 3
= . + . . =+ .
and D a 2 ay 2 #* a, 2 a3 2

1-1+0.2+1+«4+1-.38

1+0+4%+8

In the text of this manual, D is referred to as the counter number.

b



Data Pulses

Sample Gate
Buffer Reset
Buffer Readout
Buffer Readout
Step

Counter Readout
Counter Readout
Common

Counter Reset
Mode

‘Cormon

AC

AC

Mode

A6V
All-C
A10-D

A8-C
A12-E

A7_F

A8-F
A10-U
A02-N
A10-F
A15-E
A02-V
A02-R
A02-T

A16-J

Unit A to Unit B

Via W2 P3-J3
& ; A > B9-N
¢—— B —t> B6-5
——+4— ¢ —}-3 B1O-N
<« D > B16-V
€&—4—= E &e—d—p BI4-U
p: F 3 B16-X
€ H >» B6-R
&—— J —3—y BIL4.H
b | ey BO2-N
€ L —>» B-N

M 3 B02-E

& N - BO2-V
- b » BO2-R
«— R S B02-T
€¢—1— 5 =1 B7-5
< T >
<€ u ->
«— ' 7
& W —
€ X 1
* Y >
e 3



(BLACK)

(BROWN)
(RED)
(GREEN)

(WHITE)

20
19
16
18

17

EMR to Unit A

Via W1
+—_{_..-.,.-., A. __._._#__9
&g € s

F - >

e >
< p J en—

=

S NI T U (B
T e I
o M —————
S

é.__r....._ N St i
r
IO g IR
_ 1
e ianll : St ann
e S iy
i
P }
£ U e
Ee e — >
\‘-____‘.. S—— w ...... ——-_
B N . x — s
& Y >
]
e 7, >

P1-J1

A02-V  (COM)
Al5-s (LIM)
A16-B  (-100 VDC)
A02-N (coM)

M6-X  (Veo)



TN U 9.0 9000 000000000004 Unit B to Recorder CARR IR XX X SR
Jly-Ply Via W3 P5-(J105)

B16-P £~ B — 2

B16-J e @ s b

B16—F Lt SR D oo R

B16-D € E

" B16-B fommrfman R B

Bl6-W &« H STEP

B7-R = L 3/4" GAP INHIBIT

—
-
s
(TIEPOINT) BO2-E  «—teee J --—f—> 3/4" GAP
-
ot

B02-Z

B6-M A\ —>

I - }\\,_._.._, STEP TNHIBIT

R \‘- -——]?-W-F GND




AC

AC

COM

s

N o
<.

P O —

ey e o]

B e

W ol = 2l |RjajHEIA

<

<

e --——-4!>»~->

€ S l >
T —

< U —

e e

T

SARRLAE x xaorooooomx
J5

A02-H (TIE POINT)
A02-K (TIE POINT)

A02-V
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MODE ., { A __l.3 Al5L

TO STRIP
CHART RECORDER COM €-4~— B =——--=> CASE

-
L QUSRI S

F
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|
w 0 Lo} = = e = L =] = = o
1 e i s o

=3
B SRS
}_r

e—tmy -
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CARD Typg . KG-100

+12 -

OUT &

COM £~

=12 &~

Y

CARD NO. A2

A3-A

A3_N (1.8K in Series)

A3-M

A3-Z



CARD TYpE . 4XH

+12

DCO
DC1

FL

DCO
DC1

F3
COM

INPUT

F2

DCO

DC1

F2

DCO
DC1
F1

-12

A >
€ B +—=
€« c
“—t-e-D —-
. % -
< F >
€ - H

< S
T
< U

E—idoe 7

i"'w '\g;“é' ;t ¥ ;uy““l ¥ l | = L E'L‘ *L

———-

CARD NO. A3

A2-A, Al_A
A8-D
AL-R

AL_N

A8-R

A2-M, Al4_M
A2-C

AB-S

*A5-C

A2-Z, A4-Z



GARD TYPE LXH _ CARD NO.  ———Albe—n

+12 . | A ....-—-——-——;' AB-A, A5-A

DCO 6“-—»—-4 CErem——. C o, ____;_

DC1l &—+4—- D

F4 <= E > A5-N

DCO smfemm J o> |

D1 e = k —— >4 A5

F3 < ¥ = A6-E

M >  A3_-M, A5-M

COM

INPUT

=
W

A3-E

P =

DO «—4+-— R ——T% A3-C

S >

DCL = T - s

[RUo.

Eooonnd

F1 &—}—y ———> Al2-W
—

L

DCO f—y -—t-—- A10-S
DCl - — =
F1 | &= Y ===

-12 e G, —_—1——} AB_Z, A5—Z

.+ s . bt e 4



CARD TYPE — XH CARD NO.

+12 «-—-—- PR RN Al_A, AB-A
4 € B 4-=  A9-P

DCO e---al-:j::-—4}~ A15-E, A3-W
DCl &——t——= D ——4—> A10-J

FY < E > m2-s

£ F >

F3 &—f—- H -——F—> A6-C

DCO S=—p—— J — 1> Ay K
o B e T

F3 $—4——1 —1t+> A6-C
COM  eomcdne --:-——-3— AL_M, AB-M

INPUT < | N 1 AY_E, A6-D

F2 < P > A9-W

DCO = R —>—  AlO-P

< s —

DC1 7 o

F2 & U il A6-S

Fl sorpe— e A9-X
MR s Lol
Dol e X o 8

F1 <« Y > A6-T
12 e g = ALT, A6-Z




CARD TYPE

A3

0-1

N

P
w

P 5
S L~ L~ R G O

Ut W\ W\

-12

CARD NO. -
— . A L
€ B > A9.L
6—-—-:.:_ ;t:—— A5.L
< = == A5-N
p E > oL
R e > A14-N
&—a—- g - > Al2.H
-c-.—..---—J — = A16-N
+ K >
s
< M o
8| s W
— P P
|
Xt = R. o= AT
—f—g —f A5.U0
T e NEY
- U i R
“—t-my == o
NI . -:-“"-“ A2-D, Al1-W
4———~5—--x ""","“‘”Alj-Y
& Y :
“—- X ._.Z... '::]F_J A5.2, A8-7



CARD TYPE

026

0-6

+12

2o st S G

A8-B

A8-E

€ J2-F
et § -
|

B e SRR e

- .

- rd

f—-— R P A
|

N ';:

N -
L

4 T~

EREETE o B

N

)

——- 2 ——> a4

—— o ————— . - et is-an- 0

CARD NO.

.._A—l-—_-

L
7



A8

CARD TYPE N26 ~ CARD NO.

12 b A —— 45> A5_A, A7-Z, ALO-A
0-1 €—g4=— B —1~> §7.D, 49.D

1 €&~ C ——7—* Al2-B, J2-D

1 &= 1D > A3-B

0-2 € E —> A7-E, A9-H
2 < F > Al2-V, J2-H
z ® H S

0-3 = — 3 [~ 412-D

3 Lt e K —] —> A9-N
L

3 & % >
T i A5-M, A10-M
> R (S N — —>
0-4 = P < A9-J
b e—t-— R -t A3-H. A12-R
TR g R, T |
0-5 = T HIEN Al2-X
5 U K

5 &—tf—y ——= A9V
é—...__

p—— ]

6 et g - ——>

6 @« Y >

-12 e z —> A6-Z, A9-Z

——




CARD TYPE . 426

0-6

-12

CARD NO. -——A9

€—4— B —1->

T Ea—
e el P S
o D ——d—> AS8_B
€ E >—
fmeds B e A10-E
et B —t-n A8-E
4...__.L__. J > A8.P
oo X meecefee . 110H
€—— L -—1> 165, AL0-X
«—1-— M > B
=N — > A8K
P P > A5-B

F—— R ---—b-=  Al2.P
«—+— § ———> A10-K

o - A6-R

ey —}—=> p10w
—t-m § =t ARV
i Siond Al il o
P i X ot fey
€ X >
Gt =3 4g 7 107

K0



AABE oyog . BaSk CARD NO. 210

+12  e—a—— A ——b 3 Ag_A, Al12-4

0-1 =< B T Al4-D

1 €&-d-e 0 ———r—3 A2 L

0-2 €D B IR0 K118

—— A9-F

0-3  gmemtmm

J2-L, Al11-K

A9-K

0-4 St

. A5.D

-

e

-
-——1—> AQ_S

>

COM « M A8-M. A11-M
PN s
0-5 « P < AE-R
5 R
0-6 «—4— g Ay-W, A13-R
6 T A12.T
0-7 « U > J2-J. Al1-H
7 Gty e A12LY
0-8 e——y -——= A9.U
B el —-“—-—_-'—.» A9-L
Evmpree | ety
12— Z > A9-Z, Al12:K




CARD TYPE ._TEC

TPl

IP2

TP3

TPy

TP5

TP6

TPy

TP8

TP9

—t A L.

L et D e |

e e ] .......1._>

F S
e f e
 eaan R SERISRPRS SR
e T s B2
ok [ —t—>
R aant oSS 1 SR e
< P >
B R =y _.—.AI}.‘-;“
€ s >

T .
& U =
A S vV -t
P e w ""—“‘“F""‘;“
e Y >
&~ Z >

—— et . - et tiin -

075

) G

CARD NO. ALl

A13-V, J2-B

Al2-J

A10-U

Al10-F

A10-M, Al12-M

Al12-E

A10-D

A6-W



CARD TYPE . 4XG

+12

ACO
AC1
FL

SET A

Aco
Acl

F3
COM

DCO

ACO
AC1
SET B

F2

ACO
AC1
F1

-12

CARD No. A2

Al11-P

A13-M

Al2-F

ALY

A10-Z, A13-Z, Al2-T

. A > A10-A, A13-A
€ B —-—>  A8_C

- L5 e 4o >

biine P -u-—-a»--,h A8.J
«—-+4— B —-—1}—--5 J2-D,

F = Al2-T
€&—rt—- H -——4—> A6_H
g J e——fedP—4 1]11.-E
FINE W EIE. e A13-P
Tt [, > A10-C
- M _ = A11-M,
é~¥~~ N —~—->
2 P " A9-R
b B Cevesdiey A8-R
£t g -'———i——-* A5_E

| T 'r = AT2.7,
Epoon 1] i 4107
“—t-—-vy -:#——‘“ A8-F
i el ~>
Py S - A8-T
rme et SRR e 1 e
Edem G e




CARD TYPE 4XH

+12

Dco
DC1

FL

DCO
DC1

F3
COM

INPUT

DCo

DC1
F2
F1

DCO

DCl

F1

-12

{.__._.

AN

CARD NO.

A12-A, Al4-A

Al2-M, A14-M
Al4-E
Al2-K

A10-S

AlLX

All-c, A6-X

3 A12.2. K17

WAL



CARD TYPE _XH

+12

DCO
DC1

FL

DCO
DC1
F3
COM
INPUT

F2
DCO

DC1

F2

DCO
DC1
F1

-12

Q)
X)
s

CARD No. A+

e A “"‘—‘“!“""9 A]_B—A, A15—A.

ﬁ A10-B

> A13-N

N

= A13-M, A15-M
—> A6-F

A

Pt w pusS——

b v v - v e

—x ——— 5y

b
»>

oo Z

—> A13-Z. A15-Z

—— it .. - it @



CARD TYPE SCD

+12

COM

S1

RO

L1M

VCco

-12

CARD NO. 2L5

Al6-J

A16-K, A5-C, J2-M
100K

Jé6

A16-P, Al4-M
52-11
8212

J1-B

Al6-X

Al4-7, A16-Z

—_—t A L5 AI4-A, AL6-A
€—1-— B ”“:_4
“—t-e D ——d
S E N
e—doci. p :‘%
< H 2
P TNLN (R . W
o S R
“ L ——
= M >
e el My
—t P ——t
ormfenw R bR
D - -——;1—49
T -
“ U =
e et I e
I | e A
B o e 18
« Y >
S Z >




Q
~J

CARD TYPE _ ZLD CARD NO. -—Al6
+12 = — A > A15-A, A02-A
-100 ¢—+4—~— B ——p—-=> I-1, I-2, I-3, I-4, J1-C

BoOUT e s SRS (Auto)
3-00T & D =  I-3 (Manual)
2-00T <«—+4— E S I-2 (Inhibit)
1-00T ¢ F > 1.1 (Write)
COM & H = EMR GND,
1-IN  t——— J —p—> A15-C
2-IN = K gl A15-E
3-IN  $—F-— 1 —Ft—> 5221
4IN =— M & il S2-23
OUTPUT &—t—— N — > A6-J
COM < P >—  A15.M, AQ2-N
omdue e
A Ve RN SR
T fica
ioa et | M o
o et Sl s
B s tpoi s O
VeO E—— g — > J1-E, A15-U
= -
ip ke ""T'"" A15-Z, A02-Z




CARD TYPE . Power Supply (+) CARD No. 202

+12 - A >  Al6-A

AC (Line Tie Point)

AC (Line Tie Point)

J1.D, J2.K, A16.P

ot M
COM Lwd—eoN —
s P

+AC  e—}-—— R --——= S1-C1, J2-P

AG i T $1.02, J2-R

J1-A

‘ o F&‘
&et— y -..-—}j J5-C, J2-N, (Case GND.)
é—-—.

a2 e—tdz —

A16-Z




CARD TYPE . Lower Supply (=) :
CARD No. A0l

+12 A > I-5

COM “—t—¢ N _..-m_.a."
§ > I-5 (Com.). S2-1C

S . ¥ >
=12 “~ i Z ’“—"1-—> S2-2C




LXG

CARD TYPE

+12

ACO
AC1
FL4

SET A

ACO
AC1

F3
COM

DCO

ACO
AC1
SET B

F2

ACO
AC1
F1

=12

- A >
i . g
TN N, TR, . Y

> -
< F

P SN RN
4—-L——_.J -l
TREE T

IEZE AR ERN

B e s
t

< S >
T >
- U N
Egeee Y e
Shi e W
PR IR T [N
< Y =
&— Z P

CARD NO. -B6

B9-A

B7-M

J3-H

J3-B

B10-T

B7-Z



al

CARD NO.

MNO

CARD TYPE

M_" N

ki E:

M.“.. = v 3

& = &

1 _\m._ As m A \w \__ \.“ @ \M- ---,\1*1 A m\_ | ,_~ M A A
i N | | RRRR

BwC F. H.J Ml Al 2| =] A & S Bl Dy > W Ml =] N

i L e AERNEREN

PUA T I T T Sl SR S

2 i 3



CARD TYPE PR3

R128
5128

S8

Sl
R64
S64

IN

R32
R2
532
S2

R16

516

gk B ik
€ "B s
€&~—:j¥ C ————
&e——t w-D —j-—
€ 5 oS
i
¢ F >
& H N
fpee ] >
B K
<€ L G
Sl B, el
e N —t—
“— P ;
kil TRl e
: T o
- 5 .
G.'-'—T'—--- v — e
i LA
% Y —>
e ol N e

CARD NO. B8 _

B9-C
B12-C
B12-D
B9-D
B9-J
B9-K
B12-J

Bl12-K

I35

B12-R
B9-R
B12-T
B9-T

B12-w

Bl2-X



CARD TYPE _A4XH

+12

DCO
DC1

FL

DCO
DC1

F3
COM

INPUT

DCOo

DC1
F2

DCO
DC1
Fl

-12

—t—-D —rd—
¥
et P e——g—>
“ H 3
L J - S
st — § ———>
- M >

—t—85 ——

é.———-» - W s« et e

e Z —

CARD NO.

B6-A, B10-A

B8-B
B8-E

B10-D

B8-F
B8-H
B10-K
B7-M, B10-M

J3-A
B8-S

B8-U

B10-S

B10-X

B7-Z, B10-Z



CARD TYPE 4XG

+12

Fh
ACO

AC1
FL
SET A
F3
ACO
AC1
F3
COM
DCO
F2
ACO
AC1
SET B

F2

ACO

ACl
F1

=12

=Y

CARD NO. --BlO

B9-A, Bll-A

B9-E, Bl12-N

Bll-K

N

B | |D (" = - O B B I =
|

B9-L
Bl1-R
B9-M ,| B11-M

J3-6

— o —

oty

=

—

-

B6-U

B9-Y
B11-X

B9-Z, Bll-Z

o)

N\

<



CARD TYPE N26

+12

0-1

-12

. A
€ B
P s IR
—t-= D —do>
< E >
F >
e H =
< J > Bl4-E
i ) sl BIOE
€ .

< P > | Bl4-J
©—tf-— R --—+-> |BlO-L
<« s : >

T } B14-M
< U B10-U
& v »—4B16-U
é—-—--@- — W --—:f—--‘- Bl14-R
b g — —— |B10_Y
& Y b
e Z

-
( "~‘

CARD NO. .—-BlL

> B10-4, Bl2-A

> | B10-M, B12-M

> B10-Z, Bl2-Z



CARD TYPE ..HXH

DCO
DCL
F3
COM
INPUT
F2
DCO

DC1

F2

DCO

DC1
F1

12

< - D >
1.

< B~ ....,1._,_:“
4

P~ >

,{:__,a..__.. - H o S5

B mme T B o

S—

e J( e e —_—
w e e (S
D T 1 B
P SONSIUE SRS N e e
4 P “tr

e S o i e

SRpa—

PP R S—— x P
- g >
e Z >

CARD NO.

Bll-A, Bl3-A

B8-C
B8-D

B13-K

B8-J
B8-K
B13-R
B11-M, B13-M

B10-D

B8-R

B8.T

B13-U

B8-W
B8-X
B13-X

B11-Z, B13-Z

B -1 b S—

T



CARD TYPE __N26

+12

0-1

-12

CARD NO.

A >  Bl2-A, Bl4-Z,
Lo B e
YEAE i )
SR ) .
- .
F > B14.D
H >
et J ot | BIYL
FEYS GAEE RN PN
L “ -~
M . >
—— N —t—>
P — | Bl4-P
pilpees ) bl Bl2-L
T = | Buer
et —p—> B12-U
R St
v
—_y Bl4-W
e ¥ Bl2-Y
Y »

v G P B157, BiAuE

B15-A

B12-M, B15-M



CARD TYPE ..0=20

2>
A 4

t.,_...,_,..__._A B _.(_....‘_‘.--}

i it D >

CARD No. B

B13-F
B11-J, B15-R

B16-C

< N >
< P ‘ =
e R - ’—%" -
< S PR

T : e
£ U (

oo} - w RS S

ot X maman S

J9=d

B11-P, B15-T

B16-E

B13-J, B15-B

B11-T, B15-W

. B16-H

B13-D, B15-D
B11-W, Bl5-Y
B16-K

B13-T, Bl5-H
' J3-E
B16-R

B13-W, B15-K

e-r— Y —> Bl6-T

éodae 7, ————> B13-A"

—— = e~ . + re————1



NI=8

CARD TYPE

LSB

MSB

+12

COoM

-100V

=
v

D e B
et oD —d->
< E —>

e——-H -———f>
% J >
o S G s
c L "y
< M i

we——te—"R. ——"IF""'.“
£t g — e
| e
| .
T T

—— w ------ e
‘...__..:-——- x - ,
D s e A —

—t St o - it S

B13-A, Bl6-A

B14-L

B14-P

B14-T

Bly-w

B13-M, Bl6-M

Bl4-E

Bl4-J

B14-M

B14-R



O , carp yo. B

FID  siedmen A ——e> B15-A, 'B02-A

0-1 € B S JU-F

1 €&-m C =———g—3 BI4F

0-2 &—t—e D =———d—> J4Y.E

B14-K

0-3 fovimprne P e

J4-D

B14-N

J4-C

COM &—}—u M ——u J4-R, B15-M, B02-N

r—}
—
-~
b s—tom g —d->  BlALS
>
Sumd
—>

J4-B

5 «—t-— R --—+—= BL-V

0-6 s , > Jh-A

5 T s Bl4-Y

0-7 & U ~ Bll-V

7 &—t——y —-—t—> J3.D

0-8 é—j:—‘;-'_-:“"" J4-H

8 = 3 — X B J3-F
& Y >




CARD TypE FPower Supply (+)

+12

COM

+AC

-AC

* A ——t—
€ B >
& C
g e D el
3
8 E >
< F >
el g el
P u W RN S
"
R e
+* L o
< M S
< N —>
P= P N
1R "*“f“é
< [} >
T .
et—y — >
=
et
—t—y ,.._ﬂ__}_..'-.h
b X =— —L—‘9
& Y >
P Z >

CARD NO. 802

Bl16-A

Bl6-A, W3-H (TIE POINT)

W2-M, W3-J (TIE POINT)

J3-K, Bl6-M
J3-P
J3-R

J3-N, (CASE GND,)

B16-Z, J4-P



Power Supply

A
o]
=
]

b

‘:-...—d...,_...L C -.———]-———‘l-

i

N
= I M I A < | o
v

et 5 ——

e v e v ...,....F.__L

=12

) $d 1
|
=
|
|
}

CARD NO. -—B0L



