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The Technical Materiel Corporation, hereinafter referred to as TMC, warrants the equipment (ex-
cept electron tubes' 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 yecar from
the date of delivery F.O.B. factory. TMC further warrants that the equipment will perform in a manner
equal to or better than published technical specifications as amended by any additions or corrections
thereto accompanying the formal equipment offer.

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

1. That any claim of defect under this warranty is made within sixty (60) days after
discovery thereof and that inspection by TMC, if required, indicates the validity of
such claim to TMC’s satisfaction.

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

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 TMC, or otherwise.

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

Electron tubes*furnished by TMC, but manufactured by others, bear only the warranty given by
such other manufacturers. Electron tube warranty claims should be made directly to the manufacturer
of such tubes.

TMC’s obligation under this warranty is limited to the repair or replacement of defective parts
with the exceptions noted above.

At TMC's option any defective part or equipment which fails within the warranty period shall be
returned to TMC’s factory for inspection, properly packed with shipping charges prepaid. No parts or
equipment shall be returned to TMC, unless a return authorization is issued by TMC.

No warranties, express or implied, other than those specifically set forth herein shall be applicable
to any equipment manufactured or furnished by TMC and the foregoing warranty shall constitute the
Buyers sole right and remedy. In no event does TM C assume any liability for consequential damages, or
for loss, damage or expense directly or indirectly arising from the use of TMC Products, or any in-
ability to use them either separately or in combination with other equipment or materials or from any

other cause. *Electron tubes also include semi-conductor devices.



PROCEDURE FOR RETURN OF MATERIAL OR EQUIPMENT

Should it be necessary to return equipment or material for repair or replacement, whether
within warranty or otherwise, a return authorization must be obtained from TMC prior to

shipment.

A N e

The request for return authorization should include the following information:

Model Number of Equipment.
Serial Number of Equipment.

TMC Part Number.

Nature of defect or cause of failure.

The contract or purchase order under which equipment was delivered.

PROCEDURE FOR ORDERING REPLACEMENT PARTS

When ordering replacement parts, the following information must be included in the

order as applicable:

1.

bl

Quantity Required.

TMC Part Number.

Equipment in which used by TMC or Military Model Number.
Brief Description of the Item.

The Crystal Frequency if the order includes crystals.

PROCEDURE IN THE EVENT OF DAMAGE INCURRED IN SHIPMENT

TMC’s Warranty specifically excludes damage incurred in shipment to or from the
factory. In the event equipment is received in damaged condition, the carrier should be
notified immediately. Claims for such damage should be filed with the carrier involved

and not with TMC.

All correspondence pertaining to Warranty Claims, return, repair, or replacement and all
material or equipment returned for repair or replacement, within Warranty or otherwise,

should be addressed as follows:

THE TECHNICAL MATERIEL CORPORATION

Engineering Services Department
700 Fenimore Road
Mamaroneck, New York
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SECTION 1

GENERAL DESCRIPTION

1-1. FUNCTIONAL DESCRIPTION

v

Model RTIA-1 Channel Freguency Indicator is a monitor
unit used in remote tuning of TMC's TechniMatiC* receivers
by wire or FSK radio transmission. A continuously cycling
teletype input of 11 codes presents lighted numerals and
letters indicating receiver control positions. Additional
lights inform the operator on the state of the receiver
tuning, i.e, if the controls are moving, if they have
stopped moving, or if the receiver has failed to transmit
the monitor signal back.

1-2, PHYSICAL DESCRIPTION

The RTIA-1 (see figure 1-1) is a 19-inch rack modular
unit. The front panel is 19 inches wide X 5-1/2 inches
high x 3/16 inch thick and is finished in gray enamel.

The chassis extends 22 inches behind the panel.

The display of control positions are in lighted numerals
and letters through glass windows. Logic circuitry is minia-
ture solid state, employing removable printed circuit cards.
Encapsulated transistor/diode logic modules are mounted on

the cards.

*Trademark applied for.
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1-3. TECHNICAL

SPECIFICATIONS

SIGNAL INPUT

INPUT CODE &

. Keying for serial pulses in 7.42-
unit teletype transmission pattern
with 22 millisecond (60 WPM) or
13.7 millisecond (100 WPM) pulse

widths,

in Table 1-1,

See Table 1-1.

Continuous cycling of 12
codes per cycle, in sequence as listed

CHARACTER
SEQUENCE
TABLE 1-1. INDICATION VS. CODE, SIGNAL INPUT
CHARACTER
RECEPTION DISPLAY READING CODE
ORDER N
1 Resets flip-flop 10000 |
circuits for new cycle
2 MC 2 11001
3 11000
4 10100
5 11100
6 11010
7 11110
8 11101
9 11111
10 10110
11 10111
12 11011
13 10011
14 10101
15 10001
16 10010

1-2



TABLE 1-1. INDICATION VS. CODE, SIGNAL INPUT (CONT)
CHARACTER
RECEPTION DISPLAY READING CODE
ORDER
2 MC 17 01001
(cont)

18 01000

19 00100

20 01100

21 01010

22 01110

23 01101

24 01111

25 00110

26 00111

27 01011

28 00011

29 00101

30 00001

31 00010

3 .1 MC 0 01000

1 00100

2 00010

3 01001

4 01100

5 00110

6 01011
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TABLE 1-1. INDICATION VS. CODE, SIGNAL INPUT (CONT)

CHARACTER
RECEPTION DISPLAY READING CODE
ORDER
3 .1 MC 7 01101
(cont)
8 01110
9 00111
4 .01 MC 0-9 Same as
1 MC
5 . 001 MC 0-9 Same as
1 MC
6 . 0001 MC 0-9 Same as
1 MC
7 CHAN A IFBW 1 01000
6 00100
15 00010
3.5 U 01001
3.5 L 01100
7.5 U 00110
7.5 L 01011
8 CHAN A DET AM 01000
Cw 00100
SSB 00010




TABLE 1-1.

INDICATION VS. CODE, SIGNAL INPUT (CONT)

CHARACTER
"RECEPTION DISPLAY READING CODE
ORDER
9 CHAN B IFBW 1 to 7.5 L Same as
CHAN A IFBW
10 CHAN B DET AM to SSB Same as CHAN|
A DET
11 AFC and Re- AFC "ON". 01100
ceiver status and IN TUNE
lamps. PROCESS lamp
on.
AFC "ON" 01001
and READY
lamp on.
AFC "ONH
and FAULT 01000
lamp on.
AFC "OFF" 00110
and IN TUNE
PROCESS lamp
on.
AFC "OFF" 00011
and READY
lamp on.
AFC "OFF"
and FAULT 00010
lamp on.
12 RF GAIN 0-9 Same as
.1 MC
10 00011
AGC 00001




SECTION 2

INSTALLATION

2-1. INITIAL INSPECTION

Each RTIA has been thoroughly checked and tested at the factory
before shipment. Upon arrival at the operating site, inspect case
and its contents immediately for possible damage. Unpack the equip-
ment carefully. Inspect all packing material for parts which may
have been shipped as "loose items."

With respect to damage to the equipment for which the carrier
is liable, The Technical Materiel Corporation will assist in describ-

ing methods of repair and the furnishing of replacement parts.

2-2. MECHANICAL INSTALLATION

Overall dimensions and mounting data are shown in figure 2-1.
If the RTIA is to be used in a TMC rack system, refer to system
manual for location and mounting instructions. The unit is designed
to be mounted by its front panel, with or without chassis drawer
slides. When shipped as part of a system, the drawer slides are
shipped pre-mounted in the rack. When the RTIA is shipped alone,
no slides are included unless specified on the order; however, the
chassis sides contain threaded mounting holes for TMC TK-115 slides,

if required.

2-3. ELECTRICAL INSTALLATION

The RTIA has an a-c power input for line voltage and a serial
pulse teletype signal input. The line voltage input is made by
plugging the cable extension on the rear of the RTIA into a 115 VAC,
60 cps, single phase source. Signal input connection is made at
J2033 receptacle on the rear of the chassis. A mating plug is in-
cluded when the RTIA is shipped alone.

2-1



Refer to TMC systems manual for connection of cables to

associated equipment when the RTIA is shipped as part of a system.

VS. 100 WPM TRANSMISSIONS

2-4, 60
The
input at

~ € annnd an whin
< O.I. I S AL Wil o

J2033 can be any value

irregular, as long as the codes

+ha car
wAaANo L

and the timing may be regular or

enter in the sequence shown in table

1-1. However, the pulse width (within the code) that the RTIA can

handle depends upon the clock generator circuit in printed circuit

plug-in card Z2030.

Cards are available for pulse widths corres-

ponding with 60 wpm or 100 wpm speeds, based on the standard 7.42-

unit teletype transmission pattern. The RTIA is shipped with the

60 wpm card installed unless specified as otherwise on the order.

The 72030 clock generator cards are marked "60 wpm'" or "100 wpm"

to distinguish themn,
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SECTION 3

OPERATOR'S INSTRUCTIONS

3-1. GENERAL

In remote receiver tuning systems, the RTIA Channel Frequency
Indicator serves as a continuous monitor of the receiver control
positions whether moving or stationary.

To energize RTIA display, set POWER switch at ON. POWER lamp
will light.

The following definitions arc based on the receivers generally

associated with the RTIA in TMC TechniMatiC systems.

3-2, DEFINITION OF INDICATIONS

a. SIX DIGIT MEGACYCLE. - Reading indicates frequency of carr-

jer in a 2 to 32 mc range to which receiver has been tuned, in 100
cps steps.

b. IFBW, CHAN A (or B). - Reading indicates width in kilo-

cycles of i-f bands filtered out of the signal and routed to the de-
tectors in audio channel A (or B). The 1, 6 and 15 readings indi-
cate 1-kc, 6-kc and 15-kc widths centered on the carrier frequency.
The 3.5 U and 3.5 L readings indicate upper and lower sidebands of
3.5-kc each; the 7.5 U and 7.5 L indicate upper and lower sidebands
of 7.5-kc each.

c. DET, CHAN A (or B). - Reading indicates mode of reception

(AM, CW, or SSB) for which receiver is tuned.
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d. AFC. - ON or OFF reading indicates AFC (automatic frequency
control) circuitry has been switched in or out, respectively.

e. RF GAIN. - 0 to 10 reading indicates relative levels of r-f

P

—~ 2 wm AL 1 A< + 3 - 3
setting. AGC indicates r-f gain is contreclled by the automatic

[1)¢]
&
i
]

gain control circuit at some fixed value.

£, IN TUNE PROCESS. - Light indicates receiver tuning controls

are moving and recciver is not yet synchronized.
g. READY. - Light indicates receiver controls have stopped
moving and receiver is synchronized.

h. TFAULT. - Light indicates that receiver has not been tuned

as display indicates.

j. DPOWER. - Light indicates that RTIA is receiving a-c power.

k. SIGNAL INPUT. - Light indicates reception of coded signal

by RTIA.

1. FUSES. - LINE, +12V, -12V, BLOWER and +180V panel fuses are

in those sections of the RTIA power supply. A light indicates that

the fuse is blown.

3-3



SECTION 4

PRINCIPLES OF OPERATION

4-1., INTRODUCTION

Model RTIA functions as a translator of receiver control posi-
tions in teletype code form into the decoded lighted digital dis-
plays on its front panel, as indicated in table 1-1. All circuitry
(except for the power supply) is in computer-type binary logic design
and mounted on printed circuit plug-in cards. The logic circuits
on the cards are transistor/diode type in the form of encapsulated
modules mounted on the cards. The cards are mounted in two bins
(see figure 5-1), plugged into receptacles in the floor of the bin.
Cards are referred to in figure 7-1 by Z2000 series circuit numbers
and their "A" assembly numbers. The "A'" number appears printed on
the card and the "Z'" and "A" numbers appear on one side of the bin
adjacent to its receptacle. The encapsulated logic modules are
identified by Zl-and-up series of circuit numbers and these numbers

appear printed on the card adjacent to the modules.

4-2, FUNCTIONAL ANALYSIS (figure 4-1)

a. INITIAL RESET. - When the POWER switch is set to ON, a-c line

voltage is connected to the RTIA power supply circuit (see figure 7-2).
The power supply furnishes logic voltages to all the cards and energizes
Z2028 Initial Reset card. Z2028 then resets the logic circuitry in

all the cards for the first tuning code input.

b, CODE INPUT. - The 5-bit codes enter the RTIA in serial pulses

in the standard 7.42 teletype pattern, with a '"start" pulse in the

beginning and a '"stop'" pulse at the end. The first code, applied to



72030 Serial-to-Parallel Clock card, starts the clock with its "start"
pulse. The clock then proceeds to shift the 5 bits of the code over
to 72029 Serial-to-Parallel Shift Register card. As bit #5 enters
72029, 72029 sends an end-of-code pulse back to Z2030 to stop the clock.
Meanwhile, the code is cshifted over to 72027 Code Storage Input Shift
Register card.

¢. TIMING AND RESET. - The same end-of-code pulse that stopped

the clock in Z2030 is also sent to 72026 Timing and Reset card. 72026
then sends reset pulses to the shift registers in 72027 and 722029 and
flip-flop circuits (via Z001 Reset card) to clear the last code from
the circuitry. This arrangement enables the RTIA to receive codes at
any input rate.

d. "E" CODE RESET. - The first code to enter the RTIA on each read-

back cycle is the "E" (10000) code. Bit #1 of this code generates a
reset pulse from 72027 for shift registers in Z2025, 72002 and Z2009,
clearing the last cycle of codes from this circuitry.

e. MC CODE. - The second code to enter the RTIA is the 2-31 MC

code. This code is for the 2-digit megacycle display formed by DS2011
and DS2010. DS2011 will display a blank, 1, 2 or 3: DS2010 will dis-
play a numeral in the 0-to-9 range.

Referring to the codes in table 1-1, it will be seen that, in all
codes other than the 2 to 31 MC code, only the last 4 bits {(Z thru
5) contain the significant information, with bit #1 always a "o,
In the 2 to 31 MC code, however, all 5 bits are used. In the 2 to 16
MC range, the first bit is always a "1" followed by the coded bits
#92 thru #5. In the 17 to 31 MC range, the first bit is always a "0O"
followed by a repitition of the same 4-bit code used in the 2 to 16
MC range. Bit #1 is routed to Z2019 And/Or Logic for MC Readouts

card and Z2020 Nor Logic for MC 10's, 20's and 30's, via Z2025 MC
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Shift Register; bits #2 thru #5 routed directly to Z2024. The flip-
flops (energized by the MC shift register) then pass the bit #2-5 in-

formation on to Z2023 First Logic Stage card. The first logic stage

then works with the 3 additional logic stages (Z2019 thru Z2022) to

set up the p

DS2011 and DS2010.

f. SHIFT REGISTER AND READOUT. - There are 5 shift-registers and

11 Readout Memory cards (Z2024,18,17,03,04,06,07,10,11,12 and 14)

in the RTIA. 72029 shift-register shifts to start the conversion of
serial pulses into parallel pulses. Z2027 shifts to store all the
bits of one code before releasing them in parallel to the readout
memory card. It will be noticed that each code is fed to all 11 Read-
out Memory cards simultaneously. However, readout of a card will not
occur until it has been energized by one of the 3 remaining shift-
registers (Z2025, Z2002 or Z2009). These 3 shift-registers function
to energize the readouts for each display, one-by-one. The 72026
Timing and Reset card acts to reset and energize all the code ener-
gized flip-flops in the Readout Memory Flip-flop cards, via 72001,

at the end of each code, as previously described.

The third code (.1 MC code) is for the 0-9 numeral display in DS-
2008 window. It enters Z2030 and travels through Z2029 and into the
72027 Code Storage Input Shift Register card, in the same manner as
the MC code. In the .1 MC code (and the rest of the codes in the
cycle) only the last 4 bits (2-5) are significant. These 4 bits are
sent directly to the Readout Memory cards in parallel pulses. The
72025 MC Shift Register, energized by the .1 MC code via Z2026 Timing
and Reset card, shifts to the next position to energize the readout

of the 72018 Readout Memory card. The output of Z2018 goes to the
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72016 Readout Drive Circuit card. Z2018 houses independent drive
circuits for both the .1 MC and .01 MC displays (DS2008 and DS2007).

The same processing occurs for the .01 MC code as for the .1 MC
code. The .01 MC code is for the 0-9 display in the DS2007 window.
When the Z2025 shift-register has shifted to the .01 MC position, it
becomes de-activated and sets the next shift-register in Z2002 to
receive the next code.

The next 4 codes (.001MC, .0001 MC, CHA IFBW and CHA DET) are read
out by the Z2002 Shift-Register card as they come through, acting on
DS2006, DS2005, DS2017 and DS2016, respectively. After the CHA DET
code, Z2002 shift-register becomes de-activated and sets Z2009 shift-
register to read out the CHB IFBW, CH B DET, AFC/IN TUNE PROCESS/
READY/FAULT and RF GAIN codes. The readout of these éodes completes
the cycle. Re-energization of Z2025 MC Shift-Register for the new
cycle is again accomplished by bit #1 (a "1") in the first E
code.

All these codes are processed in the same way with the exception of
readout #10. This code contains information for the AFC ON/OFF dis-
play and the receiver status (IN TUNE PROCESS/READY/FAULT) lamps.
Refer to table 1-1. It will be seen that a "1'" bit in bits #2

through #5 controls each display, as follows:

Display Bit #
AFC ON 2
AFC OFF 4
IN TUNE PROCESS 3
READY 5

If bits #3 and #5 are both "0's" in the same code, the FAULT lamp

only will light, indicating that the IN TUNE PROCESS/READY readback

is in error.
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4-3. LOGIC DIAGRAM ANALYSIS

a. INTRODUCTION. - On each card, each encapsulated logic module is

jdentified by a Z number, numbered in series within the card. The TMC
part numbers of the modules are listed in Section 6 Parts List under
their 7 numbers which, in turn, are listed under the Z number of the
card. Figure 7-1 shows card Z numbers, card TMC part numbers, mat-
ing bin receptacle '"J" numbers and pins, logic module Z numbers and

an alphanumerical logic function number along with each logic module

7 number. The logic function numbers are numbered in series within
the RTIA logic circuit. The letter portion of this number indicates
logic function and the numerical portion indicates the number in the

series. Logic function letters indicate the following functions:

AG andgate NG norgate

CF complimentary emitter follower 0G orgate

FF flip-flop 0S one-shot (or delay

circuit)

IV inverter PF positive emitter
follower

NA non-inverting amplifier RD relay drive

NAG nandgate TG timing generator

To see the equivalent transistor/diode logic circuit of an encapsu-
lated logic module, refer to its Z number, in Section 6 Parts List,
for the TMC part number. Then refer to the schematic shown for the
part number in Figure 7-3.

Figure 7-1 is made up of 9 sheets. When wiring, betwecn cards, on

one sheet extends to another sheet, a destination code reference is

made at the receptacle pin number. The code is read as follows:
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3 D8 J2010-33
sheet #)r ; ~receptacle pin #
zone # bin receptacle
on sheet :

The parentheses ( ) in the following logic analysis refer to sheet
numbers of figure 7-1. Cards are referred to by their Z numbers and
logic modules by their logic function numbers.

b. INITIAL RESET - Upon application of a-c line power at P2007 (see

figure 7-2) via S2001 POWER switch, besides furnishing the logic
voltages (+12V and -12V) and +180V digital display voltage, +12V

and -12V are supplied to 72028 Initial Reset card, as shown in fig-
ure 7-1 (1). A variation of design occurs between Initial Reset cards
of earlier and later models of the RTIA. The later design is dep-
icted in figure 7-1 (1); the earlier variation is shown in figure
7-1A.

In the later design, the +12V and -12V are introduced at pins 5 and
37, respectively, of Z2028 Initial Reset card. This results in a
positive output from pin 40 and 42 of Z2028. The output from pin
40 resets flip-flop FF-1 in Z2030 Serial-to-Parallel Clock card,
setting TG-1 clock to trigger on the first code; the output from pin
42 resets flip-flops FF-2 through FF-7 in Z2029 Serial-to-Parallel
Shift-Registor (2).

In the earlier design (see figure 7-1A), the +12V and -12V in-
puts appear at pins 16 and 37, respectively, of Z2028 card. The
+12V becomes inverted through IV-1 and, together with the -12V from
pin 37, opens nandgate NAG-2. NAG-2 triggers 0S-4 to produce a pair
of parallel pulses from PF-1 and PF-2. The pulse from PF-1 resets
FF-1 in Z2030 and the pulse from PF-2 resets FF-2 through FF-7 in
22029,

c. CODE INPUT - The 5-bit teletype code of the first character
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enters the Serial-to-Parallel Clock card Z2030 (1) via pin C of
J2033 and pin 34 of Z2030, with pulse polarities as shown in the
illustration. The positive "start" pulse enters first, followed
by the 5 coded bits which are negative (1) or positive (0) and these
are followed by the negative "stop” puise. The start pulse becomes
jnverted through one half of NA-1 and travels to nandgate NAG-1.
NAG-1 has received a -12V charge from the power supply section (when
§2001 switch is closed)and opens to produce a positive pulse to set
f1ip-flop FF-1 in Z2030 (1). FF-1, having become reset by Z2028
Initial Reset card, produces a negative voltage that triggers clock
generator TG-1. TG-1 produces regularly timed pulses from pin 11
with widths appropriate for 60 WPM (or 100 WPM). Each pulse fires
0S-1 and 0S-2. 0S-1 works through 0S-3 and NA-2 to sef flip-flop
FF-2 and to reset FF-3 through FF-7 in 72029 Serial-to-Parallel
Shift Register (2) with 22ms (or 13.5 ms) pulse widths to match those
in the code input at pin C of J2033. 0S-2 in 72030 (1), meanwhile,
produces regularly timed negative pulses of 5 us (spaced at 22 ms)
into an andgate formed by CR-1 and CR-2. As the first bit arrives at
CR-1, if it is a negative bit (a "1"), it will open the andgate and the
resulting negative 5 us pulse will travel to nandgates NAG-3 through
NAG-7 in Z2029 (2); if it is positive (a"0"), CR1/2 andgate in 72030
(1) will not open and no pulse will be produced at NAG-3 through
NAG-7 in Z2029 (2).

The initial resetting of FF-2, in 72029 (2), from PF-2, in Z2028
(1), has caused the output of FF-2 to go negative. The first clock

pulsc, from the s

[0

ries via NA-2 in Z2030 (1), sets FF-2 causing FF-2
o go positive., This positive charge sets FF-3. FF-3 then

sends a negative output to NAG-3, pin 1, until the next pulse from
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NA-2, in Z2030 (1), resets it and the voltage swings to positive.
This forms a negative pulse of 22 ms (or 13.5 ms) width at NAG-3,
pin 1. At the end of the negative pulse from FF-3, when the volt-
age swings positive, it sets FF-4. FF-4 responds by issuing a nega-
tive voltage until reset by NA-2 and, as with FF-3, FF-<4 places a
negative pulse on NAG-4. This is repeated down the line, with con-
secutive negative pulses placed, one by one on nandgates NAG-3
through NAG-7.

At the same time, the coded bits previously described from the
CR1/2 andgate in Z2030 (1) are being placed one-by-one simultaneously
on pins 3 of NAG-3 through NAG;7. Since they are also timed by TG-1
in Z2030 (1) and delayed by 0S-3, the first bit arrives at NAG-3
inside the time duration that FF-3 has placed a negati&e pulse on it.
If bit #1 is also a negative pulse (a '"1"), NAG-3 opens, producing
a positive 5 us pulse. If bit #1 is a positive pulse (a "0"), NAG-3
does not open and no pulse is produced. Bits #2,3,4, and 5 then
arrive at NAG-4 through NAG-7 during the same time that the opposite
flip-flops place negative pulses on them and the gates open or do not
open according to the polarity of the bits. As FF-7 (for bit #5) is
set, it also sends its negative pulse back to FF-1 in Z2030 (1). The
pulse end resets FF-1 and FF-1 output swings positive, stopping the
TG-1 clock. The negative "end-of-code" pulse from FF-7 also enters
Z2026 Timing and Reset card (2). The total effect of this is des-
cribed in paragraph 4—31, Timing and Reset.

d. FIRST CODE. - The first code in each cycle of input codes

is the "E" (10000) code. This code serves to set one readout cycle
in motion so that the Pre-arranged sequence of codes in the input
are properly routed to the correct display windows. When nandgates

NAG-3 through NAG-7 produce the "E" for the 72027 Code Storage card,
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FF-8 is set by the positive pulse issuing from NAG-3, since bit #1

is a "1". Bits #2-5 being 0's, produce no pulses from NAG-4 through
NAG-7 and FF-9 through FF-12 in Z2027 remain in their reset conditions.
The output of the set FF-8 is negative at pin 6. The outputs of the

reset FF-9 thro

gh FF-
o

e

2 are negative at pin 11 in each flip-flop.
These five outputs are connected to nandgate NAG-8. One more nega-
tive charge is needed, at pin 4 of NAG-8, to open the gate. This
arrives from pin 28 of 72026 Timing and Reset card (2) through two
delay circuits (see paragraph 4-3i).

When NAG-8 opens, it produces a positive 5 us pulse that fires
0S-8 one-shot. 0S-8 produces a positive 0.6 ms pulse that travels
to Z2026 Timing and Reset card. Z2026 uses this signal to reset the
Z2025 MC Shift Register card. |

e. SECOND CODE. - The second code arrives at NAG-3 through

NAG-7 in 72029 (2) in the same manner as the first one. The first
and second codes (see table 1-1) are the only codes in which bit #1
is significant. In the second code (if bit #1=1) NAG-3 produces the
5 us pulse to set FF-8 in Z2027 (2). FF-9 through FF-12 are set or
remain reset, according to the particular code. The output of FF-8
swings negative and the negative charge arrives at pin 1 of NAG-9
nandgate in Z2025 MC Shift Register (3). Meanwhile FF-13 in Z2025 has
become reset by the positive pulse at pin 1 from Z2026, as a result
of the "E" code (see paragraph 4—31) and is producing a negative
voltage at pin 11. This negative charge sits on pin 3 of NAG-9,
setting NAG-9 to open from the forthcoming negative 5 us pulse at
pin 9 from Z2001 (see paragraph 4-3i). When NAG-9 is then opened in
this way, it produces a positive 5 us pulse setting FF-16. If, on
the other hand, bit #1=0, NAG-3 in Z2029 (2) does not produce the

positive pulse, FF-8 in Z2027 remains reset and does not produce
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the negative swing to open NAG-9 in Z2025 (3). In this case FF-16
remains reset,.

The function of FF-16 is to send the bit #1 (1 or 0) information
to Z2019 through Z2022 Nor and And/Or Logic cards. If bit #1 is a
"1", FF-16 produces a negative swing from pin 6 and a positive swing
from pin 11. If bit #1 is a "0", a positive swing appears at pin
6 and a negative one at pin 11.

The same 5 us negative pulse from Z2001 (3) that arrives at
NAG-9 in 72025 (3) for bit #1 also arrives at NAG-13 through NAG-16
in Z2024 (3) for bits #2 through #5, respectively. The bit #2-5
outputs from FF-9 through FF—lé in Z2027 (2) are connected, via PF-8
PF-10, PF-12, and PF-14, to pins 3 of NAG-13 through NAG-16. Of FF-9
through FF-12, the "1'" bits produce negative swings ana the "0" bits
produce positive swings. Meanwhile the positive 0.6 ms pulse from
Z2026 (see paragraph 4-33) has reset FF-13 and the output of FF-13 at
pin 11 is negative. With 3 negative charges on it, the "1 bit" nand-
gate (of the NAG-13 through -16 group) opens and produces a positive
5 us pulse; the "0 bit" nandgate remains closed and its output re-
mains negative. The opened nandgate sets the flip-flop opposite it
(of FF-17 through FF-20). The unopened nandgate leaves its flip-
flop reset,

The set flip-flop, of FF-17 through FF-20, produces a negative
swing at pin 6 and a positive swing at pin 11. The reset flip-flop
produces a positive output at pin 6 and a negative output at pin 11.
These outputs, via PF-19 through PF-26 positive emitter-followers,
are connected to AG-1 through AG-14 andgates in Z2023 MC First Logic

Stage card in such a way as to provide a gate for bits #2-5 of each

code in the 2-31 mc range. Since bits #2-5 in the 2-16 mc range of
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codes are repeated again for the 17-31 mc range, one gate is utilized
for 2 codes. The andgate opens to produce a negative voltage when
all the inputs are negative. If all inputs are not negative, the
gate does not open and its output is positive. Of this group, AG-15
(for the 11 mc and 26 mc codes) is located on
card (4).

Some of the outputs of AG-1 through AG-15 gates are connected
directly to Z2019 And/Or Logic card (4) and some to Z2021 and Z2022
Nor Logic cards (4) to be later processed through Z2019 And/Or Logic

card. This is due to the pattern of codes vs. 2-31 mc numerals,

shown as follows:-

BIT #1 = 1 BIT #1 = 0
MC CODE MC CODE
(2 - - - 11001 17 - - - 01001
3 - - - 11000 18 - - - 01000
Requires Requires
Nor < 4 - - - 10100 19 - - - 00100 k Nor
Logic Logic
5 - - - 11100 20 - - - 01100
\ 6 - - - 11010 21 - - - 01010
7 - - - 11110 22 - - - 01110
8 - - - 11101 23 - - - 01101
9 - - - 11111 24 - - - 01111
10 - - - 10110 25 - - - 00110
11 - - - 10111 26 - - - 00111
(12 - - - 11011 27 - -~ = 01011
13 - - - 10011 28 - - - 00011
Requires Requires
Nor <14 - - - 10101 29 - - - 00101 p Nor
Logic Logic
15 - - = 10001 30 - - - 00001
\16 - - - 10010 31 - - - 00010

/
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It can be seen that within each of the two bit-columns, a group of
second digits (to be displayed in DS2010 window) is repeated. These
groups require the additional nor logic processing to differentiate
the codes.

Using the 2mc code as an example, bits 2 through 5 produce all
negative inputs at AG-1i andgate in 72023 (3); AG-1 then produces a
negative output to pin 1 of norgate NG-19 in Z2021 (4) and NG-11 in
72022 (4). Pin 3 of each norgate is connected to the output of AG-3
andgate, in Z2023 (3). AG-3, since it is unopened, has a positive
output and each norgate then has a + and a - input. The RTIA cir-
cuitry uses '"negative logic" (fesponding to negative inputs) as
shown in figure 4-2. Therefore, both NG-19 and NG-11 have + outputs,
and these are connected to pins 3 of NG-20 norgate in Z2021 and
NG-12 in 72022, respectively. Meanwhile EF-11 and EF-12 emitter-
followers in 72020 (4) have received the bit #1 information from FF-16

in Z2025 (3) for the 2 mc code. Since bit #1 is a "1" in this case,

EF-11 has received a + signal and EF-12 has received a -. EF-11
transmits the + signal tc pin 1 of NG-12 and EF-12 transmits the -

signal to pin 1 of NG-20. With two + inputs, NG-12 issues a nega-
tive output to pin 12 of orgate 0G-3 in Z2019 (4). O0G-3 then issues
a negative voltage to the "2" numeral in DS2010 display window, and
lights it up. NG-20, receiving a + and - input, issues a + output
to pin 12 of 0G-6 orgate. Pin 2 of 0G-6 is connected to the output
of AG-20 andgate (for the 7mc code). Since AG-20 output is +, 0G-6
receives two + inputs and issues a + (or ground potential) output

to the "7" numeral in DS2010. The "7" (and all the other numerals
in the display) remains dark.

In Z2020 card (4), diodes CR1 through CR5 have been added to
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provide extra inputs to NG-2 and NG-3 norgates. CR1 through CR4
add 4 additional inputs to NG-3 and CR-5 adds one input to NG-2.

The same code gate output, from AG-1 in Z2023 (3), that goes to
NG-19 and NG-11 in Z2021 and 22 (4) is also connected to pin 1 of NG-4
norgate in Z2020 (4). This single minus input at NG-4 causes its out-
put to go +, placing a + input at pin 3 of NG-8. NG-8 pin 1 is re-
ceiving the minus output of EF-12 and issues a + output to pin 2 of
0G-1 orgate in Z2019 (4). The output of NG-2, in 22020, receiving
all + inputs, issues a - input to pin 3 of NG-6. Since pin 1 of NG-6
is receiving a + signal from EF-11, it issues a + output to pin 12
of 0G-1. O0G-1, receiving two .+ inputs, presents ground (or +) at
its output and the '"1" numeral in DS2011 remains out. Since NG-3 and
NG-1 are receiving no minus inputs, these norgates are also issuing
minus outputs to pin 3 of NG-7 and NG-5 respectively. Pin 1 of NG-7
and NG-5 receives the + output of EF-11. This causes NG-7 and NG-5
outputs to go positive (or ground) and the "2" and "3'" numerals in
DS2011 remain out, leaving this display dark. This leaves only the
"2" displayed in DS2010 window.

The 7- through 1ll-mc codes do not require nor logic and the code
gate outputs in Z2023 (3) are connected directly to Z2019 And/Or
Logic card inputs (4). The 7- through 9-mc codes are processed dir-
ectly through Z2019 to the numeral displays, with aid from the bit
#1 (1 or 0) information from IV-1l and IV-2 inverters. Outputs from
the 10 mc and 11 mc code gates are also connected to 22020 (o light
the "1" numeral on the DS2011 display.

The 7- through 9-mc codes may be described by using the 7 mc
code as an example. AG-5 in Z2023 (3) opens for the 7 mc code to
produce a minus input at pin 1 of AG-20 and AG-17 andgates in Z2019

(4). When bit #1 =1, IV-1 inverter issues a minus output and IV-2

issues a plus.
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This places two minus inputs at AG-20 and AG-20 places a minus input
at pin 2 of orgate 0G-6. The single minus input causes 0G-6 output

to go negative and light the "7n pumeral in DS2010. AG-17, receiving

a + and a - input, issues a + output to pin 2 of 0G-3. Since pin 12
of 0G-3 is normally at + (from the deactivated outputs of AG-1, AG-3,

NG-11 and NG-12) the two + inputs at 0G-3 keep its output at ground
and the "2'" numeral remains out. The 1, 2 and 3 numerals in DS2011
remain out by the same action as described for the 2- through 6-mc
codes.

The 10-mc and 1l-mc codes light up the "0" and "1" numerals in
DS2010 in the same manner as for the 7-, 8- and 9-mc codes. The "1"
numeral in DS2011 is ignited as follows, using the 10-mc code as an
example. AG-8, besides placing a negative charge on AG—24 and AG-23,
places the charge on the additional CR2 diode input to NG-3 norgate
and the additional CR5 diode input to NG-2, in 72020 (4). This causes
both norgate outputs to go +, placing the + charge on pin 3 of nor-
gates NG-7 and NG-6, respectively. Pin 1 of NG-6 is receiving a +
charge from EF-11 as a result of bit #1 =1. With two + inputs, NG-6
places its minus output on pin 12 input of 0G-1 orgate. As a result
of the deactivated AG-14, AG-1 and AG-2 gates in 72023 (3) and de-
activated NG-4 norgate in Z2020 (4), NG-8 keeps its normal + output
at 0G-1 pin 2. With a + and a - input, 0G-1 output goes negative and
the numeral "1" in DS2011 lights up.

Codes for 12mc through 16mc again use the nor logic circuitry
for the 2-6 digit in the same manner as for the 2mc through 6mc codes.
The "1" is brought up on the DS2011 display in the same logic pattern
as for the 10- and 1l-mc codes.

In codes for 17mc through 31lmc, bit #1 =0. This causes EF-11

output, in Z2020 (4), to go+ and EF-12 to go -. It also causes Iv-1
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inverter output in Z2019 to go - and IV-2 to go +. This results in
slightly different logic patterns, compared to the 2- through 16-mc
codes. However, the same general processing is used (i.e.: nor logic
added for 17- through 21-mc and 27- through 31-mc codes and straight
and/or logic used for the 22- through 26-mc codes).

Using the 17-mc code as an example, AG-1 in Z2023 (3) opens and
(as for the 2mc code) places a minus signal on NG-4, NG-19 and NG-11.
As in the 2-mc code, AG-3 keeps a + charge on the other inputs of
NG-19 and NG-11 and their outputs are both +. However, since bit #l=
0, EF-11 now places a minus input at pin 1 of NG-12 causing its output
to 0G-3 pin 12 to go +. Since the deactivated AG-5 and AG-17 andgates
keep a + on 0G-3 orgate's other input, the output of 0G-3 is a ground
and the "2" in DS2010 remains out. On the other hand, the + output
of NG-19 to pin 3 of NG-20 is matched by another + output from EF-11.
The two + inputs cause NG-20 output to go negative and this single
minus input into OG-6 orgate causes its output to go negative, lighting
the "7" in DS2010. The single minus input at NG-4 in 72020 causes its
output to go + and place this charge on pin 3 of NG-8. Another + at
pin 1 is produced by EF-12 and NG-8 issues a negative voltage through
0G-1 to light the "1" in DS2011.

The "2" and "3" on the DS2011 display for the 20- through 31-mc
codes are brought up by a simple norgate pattern in 72020 (4), in-
volving NG-3 and NG-7 for the "2" and NG-1 and NG-5 for the "3". Tak-
ing the 27-mc code as an example, the negative charge from AG-3 in
72023(3) goes to pin 9 of NG-2 and NG-3, causing NG-3 to place a +
charge on pin 3 of NG-7. Since EF-12 is placing another + charge on
pin 1, NG-7 issues the negative voltage to light the "2" in the dis-
play. Although NG-2 goes positive, 0G-1 output remains at ground,

since NG-4 and NG-8 remain deactivated and EF-11 is issuing a minus
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charge. Using the 30-mc code as an example for the "3", AG-12 places
a negative charge on pin 1 of NG-2 and NG-1 causing NG-1 to place a +
on pin 3 of NG-5. EF-12, placing another + on pin 1, causes NG-5 out-
put to go negative, lighting the "3". Although NG-2 has gone posi-
tive, there is no action through NG-6 and 0OG-1 on the "1", due to the
negative output of EF-11 and the deactivated state of NG-4 and NG-8.

f. THIRD CODE. - It will be noticed, by referring to the output

destinations on Z2027 Code Storage card (2), that bits #2-5 of each
code are sent simultaneously to Readout Memory Flip-flop cards Z2003,
4,6,7,10,11,12,14,17,18 and 24. These cards serve as temporary storage
for each code and await readout action energized by Shift-Registers
72025, Z2002 and Z2009 (see figure 4-1). Since the sequence of codes
coming into the RTIA is pre-programmed for each. "DS" display, the shift
registers function to read out the correct memory card for its assoc-
iated display.

The second code (2-31) readout is energized by the negative pulse
from pin 40 of Z2001 opening NAG-10, already set up by the reset FF-13.
The third code (0-.9mc) readout is energized by the next 5 us positive
pulse from Z2026 setting FF-13 at pin 8. The output of FF-13, going
from reset to set, swings positive, setting FF-14. The output at pin
6 of FF-14 swings negative, placing a negative charge on pin 3 of NAG-
11 nandgate. As result of action by Z2026 (see paragraph 4-3i), NAG-
11 pin 1 receives a negative 35 us pulse at that point, causing the
output of NAG-11] to go positive for 35 us. This pulse resets FF-21
through FF-24 flip-flops in Z2018 Readout Memory card (5). At the

same time the negative output from FF-14 in Z2025 (3) sits on pins 1

of nandgates NAG-17 through NAG-20 in Z2018 and thc positive or ncga-
ddwern Alhaaaa Lanmm s 4 1 B~ < R e Y - o~ -r S xr m
ti1VE Clhnarges iyom ©01TS F4-0 Ox1 tTiae third code have arrived from Z2027

(2) and sit on pins 3 of NAG-17 through NAG-20. At this point the

next negative 5 us pulse from Z2001 (3) arrives at pin 9 of each
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nandgate. As a result, the nandgate with the negative charge on

pin 3 (from a "1" in the code) opens to produce a positive Sus pulse
and the nandgate with a positive bit charge at pin 3 remains closed,
with its output negative. The positive pulse sets the flip-flop (of
FF-21 through FF-24) opposite the nandgate; the negative charge leaves
the flip-flop reset. The set (1) flip-flops issue a negative charge
at pin 6 and a positive at pin 11. Reset (0) flip-flops issue a posi-
tive charge at pin 6 and a negative charge at pin 11.

The outputs of FF-21 through FF-24 are connected to andgates AG-26
through AG-35 in Z2016 Readout Drive Circuit (5) in such a way as to
provide a gate for bits #2-5 of each code in the 0-.9mc range. When
the andgate receives all negative charges, from the correct code, it
opens, presenting a negative swing at its output. The negative volt-
age causes the numeral in the 0-9 group in DS2008 display to light up.
The other numerals, receiving ground potential from the unopened and-
gates, remain dark.

g. FOURTH THRU TENTH CODES AND TWELFTH CODES. - Codes #4 thru 10

and 12 proceed to their displays, DS2007, 6,5,17,16,13,12 and 14, res-
pectively, in the same manner as code #3 proceeds to DS2008. Dis-
plays DS2017, 16,13,12 and 14 are mechanically different from the mc
displays. Instead of numerals arranged in a column, one behind the
other, these are a ''projection readout" type. There is a bulb for

each reading mounted in the back of the display unit with a film nega-
tive of the reading in front of the bulb and one projection screen in
the front. When the negative voltage is applied to the bulb circuit,
the bulb lights, shines through its film negative and the image of

the reading is projected by lenses onto the screen.

h. FELEVENTH CODE. - The eleventh code carries two types of in-

formation, unrelated to one another. Since each type of information
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can be expressed in a binary code, only two bits of the 4-bit code are
used for each. Bits #2 and #4 control the on/off reading in the AFC,
projection readout display (DS2015). Bits #3 and #5 control three
lamps: DS2004 IN TUNE PROCESS, DS2003 READY and DS2002 FAULT.

In the sequence of the 11th code readout, flip-flops FF-61 thru
FF-64 in 72012 (9) are set or reset from the 4-bit code in the same
manner as for the other codes. If the code contains an "ON" signal
for the AFC display, bit #2 will be a "1" and bit #4 will be a "O0".
In this case, FF-61 will be set and FF-63 will remain reset. This
will produce two negative charges at andgate AG-86 in Z2013 Readout
Drive Circuit (8). AG-86 then produces the required negative voltage
to bring "ON" up on the DS2015 display screen. The same action occurs
with the "OFF" code, using FF-61, FF-63 and AG-87.

At the same time, bits #3 and #5 are acting on the IN TUNE PRO-
CESS, READY and FAULT lamps by action of FF-62 and FF-64. If the IN
TUNE PROCESS code has been sent, bit #3 is a "1"™ and bit #5 is a
"0". This causes FF-62 to become set and FF-64 to remain reset,
placing a negative voltage on DS2004 IN TUNE PROCESS bulb circuit and
a ground on DS2003 READY bulb circuit. FF-62 pin 11 also places a
positive charge at pin 9 of AG-88 andgate in Z2013 (8) and FF-64
pin 11 places a negative charge. This causes the output of AG-88 to
the DS2002 FAULT bulb circuit to remain positive (or at ground po-
tential). Since DS2004 is the only lamp receiving negative voltage,
it lights. The same procedure applies, in reverse polarities, for
the READY lamp. The FAULT lamp (DS2002) will light only when AG-88
andgate issues a negative voltage as the result of having received
two negative inputs. This will happen when, due to Some error in
the IN TUNE PROCESS/READY readback code originating in the receiver,

neither bit #3 nor bit #5 is a "1".
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i. TIMING AND RESET ACTION. - The Timing and Reset circuit (Z2026)

is energized for each code by an end-of-code pulse from the code as
it passes through Z2029 Serial-to-Parallel Shift-Register.

As each code comes through, FF-7 in Z2029 (2) becomes set (on
bit #5) and, besides transferring the bit over to NAG-7, sends the end
of its negative "end-of-code'" pulse (a) back to stop the clock in
72030 (2),(b) through PF-3 in Z2026 (2) and back to FF-2 in 72029 (2),
resetting it, (c) to 0S-9 in Z2001 (3) and (d) through PF-4 to 0S-5
and 0S-7 in Z2026 (2). At the end of the negative pulse, upon its
positive rise, assume the time instant = T. At T+0, 0S-5 starts a
negative 0.6 ms pulse and sends it to 0S-6. At T+0.6ms, 0S-6 starts
a positive 5us pulse from pin 6 and a negative 5us pulse from pin 11.
At T+.6ms the pulse from pin 6 resets all the flip-flops in Z2025 (3),
72002 (6) and Z2009 (8) shift-registers. The negative pulse from pin
11 goes to pin 4 of NAG-8 "E" code nandgate in Z2027 (2). Also at
T+0, the end of the negative pulse from PF-4 in 72026 (2) starts a
negative .6 ms pulse from O0S-7, resetting FF-8 through FF-12 in Z2027
(2) at T+.6ms.

In the "E" code (10000), resetting FF-8 through FF-12 places
five negative charges, at T+.6ms, on NAG-8 nandgate. The consequent
negative 5us pulse at T+0.6ms from pin 11 of 0S-6 in 72026 (2) opens
the nandgate and places a positive 5us pulse on pin 3 of 0S-8 at T+.6ms.
0S-8 starts a 0.6ms positive pulse, via NA-6, CF-4, PF-6 and PF-5 in
72026 (2), to reset all the flip-flops in Z2025 (3), Z2002 (6) and
72009 (8) for the new input cycle at pin 1 of each flip-flop. Also
at T+.6ms, 0S-6 in Z2026 (2) has started a positive 5Sus pulse from
pin 6. This pulse travels to pin 8 of FF-13 in 72025 (3) to set it.
The positive .6ms pulse from 0S-8, however, arrives at pin 1 of FF-13
slightly after T+.6ms, due to fall and rise time of 0S-6 and 0S-8.

In this way, FF-13 becomes set from the "E" code and its output at
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pin 11 goes negative, placing the necessary negative charges on pin
3 of NAG-9 nandgate and pin 3 of NAG-10 nandgate for the second code
(2-31 mc code).

When the second code consequently arrives from 72027 (2) flip-
flops FF-8 through FF-12, bit #1 information is placed on pin 1 of
NAG-9 in Z2025 (3) and bits #2-5 information 1is placed on pins 3 of
NAG-13 through NAG-16 in 72024 Readout Memory card (3). The "end-
of-code' negative pulse again occurs, from the second code, and the
positive swing fires 0S-9 in 72001 (3) at T+0. The negative 35us
pulse from 0S-9 opens NAG-10 in 72025 (3) and NAG-10 produces a posi-
tive 35us pulse, This results in resetting FF-17 through FF-20 in 72024
(3) at T+0. Also (at T+35us), the positive upswing from 0S-9 fires
0S-10 in Z2001 (3). The negative 5us pulse from OS—lO travels to pin
9 of NAG-9 in 72025 and pins 9 of NAG-13 through NAG-16 in 72024,
completing the required total of negative pulses for those nandgates
with the negative "1" bit charges from code #2, and opening them. The
opened gates then set the flip-flops opposite them, as previously des-
cribed.

The rest of the codes in the cycle are sent through the RTIA by
the 72026 Timing and Reset circuit and the Z2001 Reset for Memory

Flip-flops circuit in the same manner as the second code.
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SECTION 5

MAINTENANCE

5-1. INTRODUCTION

The logic circuits in the RTIA are contained on Z2000 series prin-
ted circuit plug-in cards mounted in two bins on the top side of the
chassis (see figure 5-1). Terminals to the power supply section are
accessible from the bottom side (see figure 5-2). The rest of the cir-
cuit components make up the front panel digital and projection read-
out displays. The card Z2000 numbers are the circuit reference sym-
bol numbers; the card "A'" numbers are the card assembly part numbers
by which they are identified and ordered. The "A" number appears
printed on the card and again on the bin wall adjacent to its recep-
tacle along with its "Z" number and its receptacle "J" circuit symbol
number. The plug end of each card contains keying notches and its rec-
eptacle in the bin floor contains matching blocks to prevent inserting
a card into the wrong receptacle. Some cards within the RTIA and in
other TMC logic equipment, although they are assigned different "Z"
numbers, have the same "A'" numbers and are identical and interchange-
able. These cards have similar keying at their plug ends and in their
receptacles.

Figure 5-1A shows the two card bins in their normal installed
positions. 1In order to gain access to the cards, rotate the card

bins 90° into the positions shown in figure 5-1B.

5-2. SPECIAL TOOLS AND TEST EQUIPMENT

Special tools included in the shipment* and required for RTIA
testing and repair are shown in figure 5-3. Table 5-1 lists standard
laboratory equipment required but not supplied. Also, of particular
value in speedy troubleshooting is a set of spare logic cards for

card-substitution procedures.

*Shipment of system in which RTIA is used.
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TABLE 5-1. TEST EQUIPMENT, RTIA

ITEM MANUFACTURER

Vacuum Tube Voltmeter Hewlett Packard, Model
524C, or equivalent

Oscilloscope Tecktronic Model 545,
or cquivalent
Teletypewriter Set Smith-Corona Marchant
(with keyboard, tape (Kleinschmidt Div.)
puncher, tape reader AN/FGC-25 or equivalent

and 7.42 serial CCIT
5-level code electri-
cal output)

5-3. PREVENTIVE MAINTENANCE

a. In order to prevent equipment failure due to dust, dirt and
other destructive elements, it is suggested that a schedule of pre-
ventive maintenance be set up and adhered to.

b. At periodic intervals, the equipment should be removed from
its mounting for cleaning and inspection. All accessible covers should
be removed and the wiring and all components inspected for dirt, cor-
rosion, charring, discoloring or grease. Remove dust with a soft
brush or vacuum cleaner. Remove dirt or grease from other parts
with any suitable cleaning solvent. Use of carbon tetrachloride
should be avoided due to its highly toxic effects. Trichlorethylene
or methylchloroform may be used, providing the necessary precautions
are observed.

WARNING
When using toxic solvents, make certain that
adequate ventilation exists. Avoid prolonged
or repeated breathing of the vapor. Avoid
prolonged or repeated contact with skin.

Flammable solvents shall not be used on en-
ergized equipment or near any equipment

fyrom which a spark may be received. Smoking.
"hot work", etc. is prohibited in the immediate
area.



CAUTION
When using trichlorethylene, avoid contact with
painted surfaces, due to its paint removing
effects.

5-4. TROUBLESHOOTING

a. INTRODUCTION. - As an aid to troubleshooting, figure 7-1

furnishes normal pulse patterns at test points (TP) on the RTIA
printed circuit cards. Also included are figures 5-1 and 5-2, lo-
cating cards and major components.

There are several methods for troubleshooting the RTIA; the
method to use depends on spare parts and test equipment available.

When it has been determin;d, in a system troubleshooting pro-
cedure, that the RTIA component is at fault, the faulty card and/or
component on the card can be detected by leaving the RTIA connected
in the system and using the remote code input, checking test patterns
at test points, indicated on figure 7-1, with an oscilloscope. 1If,
however, it is necessary to immediately substitute in a spare RTIA
to resume operation of the system, the subsequent bench check of the
faulty RTIA will require the teletypewriter set listed in table 5-1,
as an input substitute, 1In either case, spare printed circuit cards,
if available, can be used to save time in a card-substitution pro-
cedure to determine the faulty card. Further detection of the faulty
component on the card can then be made by checking the pulse patterns
furnished in figure 7-1 for that card. Repair and replacement of
components and modules on printed circuit cards is described in par-
agraph 5-5, Repair and Replacement.

CAUTION
Replacement of logic modules on the printed

circuit cards requires the special tools and
technique described in paragraph 5-5b.



b. CHECKING PRINTED CIRCUIT CONDUCTORS - Breaks in the con-

ducting strip (foil) on a printed circuit card can cause permanent

or intermittent trouble. In many instances, these breaks will be so
small that they cannot be detected by the naked eye. These ajmost
invisible cracks {breaks) can be located only with the aid of a

powerful magnifying glass.
To check out and locate trouble in the conducting strips of a
printed circuit board, set up a multimeter (one which does not use
a current in excess of 1 ma) for making point-to-point resistance
tests, using needle point probes. Insert one point into the con-
ducting strip, close to the end of terminal, and place the other
probe on the terminal or opposite end of the conducting strip. The
multimeter should indicate continuity. If the multimeter indicates
an open circuit, drag the probe along the strip (or if the conducting
strip is coated, puncture the coating at intervals) until the multi-
meter indicates continuity. Mark this area; then use a magnifying
glass to locate the fault in the conductor.
CAUTION

Before using an ohmmeter for testing

a circuit containing transistors or

other voltage-sensitive semiconductors,

check the current it passes under test

on all ranges. DO NOT use a range

that passes more than 1 ma.

c. LOGIC CARD CHECKING

(1) Card Setup and Test Points. - To bring the test points

on a card or on its receptacle pins up for accessibility, remove the
card and insert an A3696 Card Extender in the card receptacle. Then
plug the card into the top of the Card Extender.

CAUTION

Check to ensure that '""A" number on card
matches "A" number printed on side of
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bin adjacent to bin receptacle. Because
the Card Extender is keyed to fit into
all receptacles, it is possible to con-
nect a card to the wrong receptacle.

Figure 5-4 shows a typical card in test position. For each pulse
pattern shown in figure 7-1, there is either a numbered "TP" (test
point) standoff terminal on the card or a card receptacle pin accessible
at the Card Extender receptacle. 0dd numbered pins are accessible
on one side of the card; even numbered pins appear on the other side.
CAUTION

Do not apply test probe to pins of

encapsulated logic modules! Apply

probe only to "Tp" test points on

card or receptacle pin test sockets

on Card Extender. It is difficult

to touch the probe to the miniature

pins on the module without shorting

it out and destroying the module.

(2) Oscilloscope Adjustments. - Set the scope for the ex-

ternal triggering mode, with a negative triggering slope and level
for the negative-going outputs and negative pulses; use a positive
triggering slope and level for the positive-going outputs and posi-

tive pulses.

(3) Interpretation of Pulses. - The exact shape of the

pulse is, in most cases, not an important factor in troubleshooting
the RTIA. Very often, different attenuator lines into the os-
cilloscope will produce pulse shape distortions that are not pre-
sent in the RTIA. The critical fact is whether or not the expected
pulse is there, its width and polarity.

5-5. REPAIR AND REPLACEMENT

a. Introduction.- Repair of the RTIA power supply circuitry

follows standard lab procedures. Repair oi prinied circuit cards
and card receptacle wiring, however, require the special tools and

techniques as outlined here. Section 6, Parts List, lists all re-
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placeable parts by their circuit symbol numbers. Encapsulated
logic circuit modules (mounted on the cards) are nonrepairable items
and are replaced with new ones when damaged.

b. Replacement of Logic Modules. - When replacing a logic cir-

cuit module on a card, it is necessary to remove the old module from
the card by a simultaneous melting of the solder on all the logic
pins. TP128 Desoldering Tool (see figure 5-3) is included in the
RTIA shipment* for this purpose. Soldering the new module to the card
is done pin-by-pin with conventional methods.

To remove a module from a card, fasten a 100-watt soldering
iron (with 3/8-inch tip) in a vertical position with a vise, as
shown in figure 5-5. Remove the 3/8-inch tip and re-install it into
the iron in the inverted position, with approximately 1-1/2 inches
extending. Slip the TP128 Desoldering Tool onto the end of the tip
(as shown in figure 5-5) and secure with an 8-32 set screw.

Refer to figure 5-6. Clean old solder out of TP128 cups with
TP139 suede brush included in shipment* (figure 5-3). Plug iron
extension cord into power outlet and allow to heat for 15 minutes.
Lower card onto TP128 with pins of module to be removed nesting into
TP128 solder cups. Press firmly on module to insert pins into cups
while solder melts. When solder has melted sufficiently, it will be
possible to pull the module straight up out of the card easily.
Usually, about 2 seconds are enough. Do not try to pull module out
forcibly before this point is reached. To do so may dislodge eye-
lets from pin holes in card. If it is possible to rock the module
slightly, this is an indication that the solder has softened enough.

This motion also helps to separate the pins from the eyelets. As

*Shipment of system in which RTIA is included.
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soon as the module has been drawn out, tap the card sharply, edge
slightly down, on the work bench. The molten solder remnants in the
eyelets will fall out on bench surface, eliminating the problem of
cleaning them out to receive the new module.

c. Repair of Printed Conductors. - If the break in the conductor

strip is small, lightly scrape away any coating covering the area of
the conducting strip to be repaired. Clean the area with a firm-
bristle brush and approved solvent. Then repair the cracked or
broken area of the conducting strip by flowing solder over the break.
Considerable care must be exercised to keep the solder from flowing
onto an adjacent strip. |

If a strip is burned out, or fused, cut and remove the damaged
strip. Connect a length of insulated wire across the breach or from
solder-point to solder-point.

After the repairs are completed, clean the repaired area with
a stiff brush and solvent. Allow the board to dry thoroughly, and
then coat the repaired area with an epoxy resin or similar compound.
This coating not only will protect the repaired area, but will help
to strengthen it.

CAUTION
After repairs, check the board for
solder drippings; they may cause
shorts.

Frequently, a low-resistance leakage path will be created by
moisture and/or dirt that has carbonized onto the phenolic board.
This leakage can be detected by measuring the suspected circuit with
a multimeter, To overcome this condition, thoroughly clean the car-
bonized area with solvent and a stiff brush. If this does not remove
it, use a scraping tool (spade end of a solder-aid tool or its equi-

valent) to remove the carbon, or drill a hole through the leakage
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path to break the continuity of the leakage. When drilling method
is used, be careful not to drill into a part mounted on the other
side.

Wire in Card Receptacles. - TP132 Con

Extractor is included in the shipment* (see figure 5-3) for removing
and installing wire in J2001 through J2030 card receptacles. These
receptacles take an insertion type of wire connection, rather than
solder type. Figure 5-7 shows methods of wire removal and insertion
using TP132. It will be noticed that TP132 serves to (a) give added
rigidity to the wire as it is inserted or removed and (b) spring
back the retention finger on the wire contact.

e. Replacement of Wire in System Receptacles.- J2033 receptacle

also takes an insertion type of wire connection. A TMC #PN119-2%*%
terminal tab is crimped on with an Amphenol #294-91** contact crimp-
ing tool. The wire is then inserted by means of Amphenol #294-92%%*
insertion and removal tool. This tool is also used for removing

the wire.

*Shipment of system in which RTIA is included.
**0r equivalent.
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