






















































































































































STORAGE REGISTERS READOUT CONTROL: TIMING CHART 0690 
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CROSSTELL 

a) LS-LIS 
b) Parity 

3) Note that 1st drum word consists of: 

a) LS-LIS Qf word 
b) R-S-RlO- clock .. generated in common 
c) Rll-RlS - site ident. - generated in 

common. 

4) 11 Znd Readout" Level 

Resets "Word Z & 3 Main Storage" 

Data readout in parallel form. 

a) LS-Ll S, RS-Rl S 
b) Parity of P/L word Z & 3. 

S) "3rd Readout" Level 

. 
Resets word 4 & S Main Storage Data 
Readout in parallel form. 

a) LS-LIS, RS-RlS 
b) Parity of P/L Word 4 & S 

S. Generation of Readout Levels 

a. Initiated by Drum Demand (OD-3) if channel 
Ready FF is set. If cleared D. D. checks 
next channel in sequence. 

b. "Write" Level 

1) Generated by "Start Readout & Reset" 
F.F. 

a) Up at D. D. OD 3 time. 
b) Down at the next OD 1 t 1 (ODl-D) 
c) Duration 6 use'c. 

c. Operation of "Readout & Reset" Counter 

1) Initiated by D. D. passing thru gate 
conditioned by set side of Channel 
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Ready FF-1, thru N/C relay points of 
OVRDl and setting "Readout Protection" 
F. F. -3. This output anded with "Writ~• 
level and clear side of channel ready 
F. F. -1 conditions GTZ which allows 
Readout coWlter to step. 

d. Stepping of 11 Readout & Reset" Counter 

l) Normally Cleared. 

2) Stepped to 11 111 by first OD4 following Drum 
Demand. Output decoded to produce 11 1st 
Readout" level (10 usec). 

3) Next OD4 steps counter to" 211 which 
produces 11 Znd Readout" ·level (IO usec). 

4) 3rd OD4 steps counter to 11 311 which 
produces 11 3rd Readout" level (I 0 usec). 

5) 4th OD4 resets counter to cleared state 
and clears "Readout Protection'' F.F. -3 
via GT-3. 

6. Main Storage Readout Control Circuit Analysis 

a. The main storage readout control generates 
the readout signals that produce. the readout 
of data from the main storage registers to the 
drum input system. Three separate readout 
signals are required. The first readout signal 
is applied to the main storage register contaiili.ng 
message word 1. 

The second readout is applied to the main 
storage registers for message words 2 and 
3. The third readout is applied to the main 
storage registers for message words 4 and 
5. In this manner of reading out mes sage 
data, the five message words are converted 
into three w_ords. 

The circuit contains a 3-counter with a gated 
input. When a good message is stored in the 
main storage register and a DD pulse occurs 
(indicating an available slot on the drum), GTZ 
is conditioned, permitting the counter to re'Ceive 
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successive OD4 pulses. The first, second, 
and third reado1,1t pulses are produced by 
the OD4 pulses, and each has a duration of 
10 usec. After the third readout level, the 
input gate is no longer conditioned and the 
readout terminates. 

A write level (produced in the drum demand 
circuit by a DD pulse when a good message 
is available for transfer to the drums) is 
applied through OR 1 to: AND 4. The other 
two inputs to AND 4 penform safety or 
inter lock functions, to be explained later. 
The output of AND 4 conditions GT Z, 
permitting OD 4 pulses to be counted. The 
AND 4 output is also sent as a good-message 
level through duplex switching to the drum 
input section; the function of this signal is 
discussed in chapter 5. 

The OD 4 pulses passing through GT 2 are 
applied to the complement input of FF 2 and 
through GT I to the complement input of FF I. 
Flip-flops I and 2 are initially cleared. AND 
circuits 1, 2, and 3 are not conditioned, and 
GT I is deconditioned before the application 
of the OD 4 pulse. The first OD 4 pulse sets 
FF z. The set output of FF 2 and the cleared 
output of FF I cause AND I to produce an 
output level, designated first readout. The 
output of FF 2 is also used to c'bndition GT I 
directly and is applied through OR I to AND 4. 
This is necessary to condition GT 2 sine~ the 
write pulse previously applied through OR I 
has now terminated. The second OD 4 pulse' 
passes conditioned GT I to the complement 
input of FF I. Flip-flop I is set, and the 
I output is applied to ANP 2. The second 
OD 4 pube also clears FF Z, conditioning 
AND Z and producing the second readout 
signal. The clearing of FF Z decondition8 . 
GT 1. The third OD 4 pulse sets FF z. 
The set outputs of FF' s 1 and 2 are applied 
to AND 3, producing the third readout signal. 
The set otitput of FF 2 also conditions GT 1 
after the third OD 4 pulse has terminated. 
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The fourth OD 4 pulse clears FF' s l and 
2, terminating the third readout signal 
and removing one of the inputs to AND 4. 
AND 4 no longer has an output so that 
GT 2 is now deconditioned, preventing 
further OD 4 pulses from passing. The 
circuit remains deconditioned until a 
new message is ready for transfer to 
the drum. 

The two safety inptuts to AND 4 are the 
channel-ready-clear signal and the 
readout-protection signal. The channel­
ready-clear signal originates in the clear 
side of the channel-ready-flip-flop (drum 
demand circuit) and offers protection 
against the sticking of the flip-flop to the 
I side. The readout-protection signal 
protects against continuous message 
readout due to circuit malfunction. 

7. Readout Protection 

a. Readout protection F. F. - protects cycling 
thru "Readout & Reset'' counter except ' 
following a Drum Demand - shuts off after 
one cycle. 

b. Model GG PCF in Main Storage P. U. 1 s 
are capacitively coµpled to prevent a continuous 
DC level from burning out shift winding.,,, 
if counter should hang up. 

c. Model BYRD in 32AD protects against 
readout tf ii Channel Ready" FF should 
have /. 10 from both outputs. BYRD is 
controlled by both outputs of II Channel 
Ready" FF thru 180 AND circuit. /.lOY 
from AND circuit conditions BYRD which 
picks its associated relay and opens the 
DD pulse's path to set "Readout P.rotection" 
FF. 

d. "Test Multiple Readout Protection'' Relay 

1) Controls BYRD in 32AD when 
energized. 
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a) Places /.lOV on both inputs to 
180 AND. 

b) Causes BVRD to pick its 
assc;>ciated relay. This inhibits 
readout. 

Z) T ,;M.R,;P. relay energized by "Test 
Alarm" switch. Logic S Z. 3. 6. 

a) "Test Alarm" 'Switch in test 
position. Unit Status Switch 
must be in STANDBY or 
STANDBY - MC position. 

3) Used to check for readout when a 
channel should not readout. 

a) Field Engineer places 11 Test 
Alarm" switch in test position; 
U.S. S. in STANDBY position, 
source Switch in Line or Test 
position. These positions simu­
late the condition that no Drum 
Demand pulses are honored. 

b) The channel can then be checked 
for readout by visual observation 
of Simplex Maintenance Console 
indicating neons or by program. 

8. Readout Protection Circuit Analysis 

The readout protection signal prevents a constant 
readout to the XTL common equipment section by 
disabling the good-message pulse as soon as the 
readout of a message is completed. The circuit 
consists of a readout protection flip-flop and a 
gate. The start-readout pulse (an OD 3 drum 
demand) sets the flip-flop. The third readout 
pulse from the main storage readout control, 
indicating t.-he end of the readout, conditions the 
gate, permitting an OD 4 pulse to pass and to 
clear the flip-flop. The readout protection line 
is up only during readout and is down when a 
readout is completed. 
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9. Message Word Parity Transfer 

The message word parity transfer circuit 
transfers the message word parity bi·ts to 
the drum input section du ring readout of the 
main storage register. The circuit receives 
the parity (17th) bit of each message word 
as it is shifted out of the main storage 
register. · 

When the first readout level is applied to 
the main storage register, the 17th bit 
(parity) of word 1 is applied to COR Z. The 
output of OR 1 goes to the drum parity 
circuit in the drum input section through 
duplex switching. When the second readout 
level is applied ~o the main storage register,. 
the parity bits of words Z and 3 are sent 
through OR 1 and OR Z, respectively, to 
the drum parity circuit through duplex 
switching. The third readout level send 
the fourth and fifth word parity bits to 
OR 1 and OR Z, respectively.' The transfer 
of the parity bits is necessary so that the 
drum parity section can produce correct 
drum word parity. 

MAIN STORAGE 
REGISTERS 

17 tllT WORD 2 

17 BIT WORD 4 

17 BIT WORD I 

17 llT WORD 5 

17 BIT WOii 5 

4 LIN[ PARITY } ::"ullll l=:~~y 
CIRCUITI 
THROUGH 
DUPLEX 
SWITCHflG 

1·J·5 LINE PARITY 

Message Word Parity Transfer, Simplified logic Dia9,.111 
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L. SUMMARY QUESTIONS 

1. The XTL Field is located on which physical Drum? 

a. How many drum registers make up one XTL slot? 

3. What must be read in the marker channel and the 
status channel to generate an_XTL Drum Demand 
pulse?. 

4, When XTL drum Field is being read by Central 
Computer, data cannot be written on that drum 
field. (TI F) 

5, a. Name the 3 DDR OYtputs in XTL. 
b. Indicate the relative amplitude of the 3 signals. 

6. What information must be known to generate the 
1st Drum Word Parity? 

1. How many times per message are the Buffer 
Registers shifted? 

8. At what 25 counter count is the input parity check 
made? 

9. What initiates the transfe~ of data from main storage 
to drum? .. 

IO. How many Drum Demands are needed for one message? 

11. Which bits of the XTL Drum Word will co;r:i.tain the 
address? 

1 z. In a 24 channel installation, what is the maximum 
number of messages that may be received at one 
time? (normal conditions) 

13,. What is the time interval between successive sync 
pulse? 

14i Differentiate between, II Absence," and "Selection'' 
indicators on the Simplex Maintenance Console? 
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L. Summary Questions (cont'd) 

15. What is the time interval between the following pulses? 

a. XT 6 - XT 1 
b. XT 6 - OD 4 
c. OD 1 - XT 6 
d. OD 4 - XT 3-D 

16. How long in usec. can a crosstell niessage remain 
in main storage without gene rating a 11 Reado_ut Ai.arm ? 11 

Figure time that "Channel Ready'' remains set. Figure 
770 usec. between timing pulses. 

17. If a channel has an assigned address of 1111 and a 
message is received with address bits all 0 1 s and all 
receive bit a 1, parity correct, how many times will 
good message flip-flop change site? Itemize 
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IV. DUPLEX SWITCHING 

A. General 

Duplex switching relates simplex equipment to the pr9per 
A, or B, duplex computer; that is, it.associates simplex 
equipment in the active status with the duplex computer 
currently in the active status and standby simplex equip­
ment with the standlty duplex computer. 

In the XTL element, duplex switching provides the circuitry 
required to perform the ·following specific functions: 

1. Core data switching: transfers the five message words, 
including the message word parity bits, assembled in the 
main storage register, to the proper half (A or B) of 
the drum input section. · 

2. Write level switching: transfers the write level generated 
in the channel input section to the proper half o{ the drum 
input section. In spare channel switching, the write level· 
generated in the spare channel circuits must be switched 
to the site identity can for the replaced channel; accord­
ingly, write level switching involves both duplex and sim­
plex switching when a spare channel is switched. 

3. Site neon indication switching: energizes the proper set, 
A or B, of site neon indicators on the channel control 
panel (simplex maintenance console). 

4. Good-message level and readout alarm switching: trans­
fers the good-message level and (if produced) readout alarm 
signal from the channel input section to the proper half of 
the drum input section. 

5. Drum demand switching: transfers DD pulses from the 
proper, A or B, Drum System to the channel input section 
of the various channels, on a priority basis. 

6. OD and XTL timing switching: transfer:s~ the ·on: purses and 
the XTL pulses and levels from the proper half of the drum 
input section to the channel input section. 

7. Status indication switching: sends status indication signals 
from each channel to the proper half of the rMDI element. 

Note: Status Indication wiring has been disabled. 

B. Driving of A and B Signal Relays 

The functions listed above are performed by means of sets of 
relays, designated A signal relays and B signal relays. The 
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the energizing of the A signal relays; section H, the 
B signal relays. 

Assume that the A computer has been designated 
active and the B computer standby (by the duplex 
switching control at the duplex switching console. ) 
Relay driving voltage is then applied to terminal 
1 (ACTIVE) of section G and to terminals 3-4 
(STANDBY, STANDBY MC of the unit status 
switch of each channel). If this switch is placed 
in the ACTIVE position, driving voltage is applied 
to the A signal relays; if this switch is placed in 
the STANDBY or STANDBY MC position, driving 
voltage is applied to the B signal relays. Reversing 
the status of the A and B computers reverses the 
effect of the unit status switch positions on the 
signal relays. 

The signal control relays for channel 1 are listed 
and their functions are indicated in table 
Each contact group of a relay (if used) performs 
a specific function, and corresponding contact 
groups of paired A and B signal relays perform 
the same functions. Thus, when A signal relay 
32AT(K4) is energized, contact group 5 causes 
transfer of the good-message level from channel 
I to Uie A d]'um input section; if the B signal relays 
are picked, contact group 5 of 32AT(K5) transfers 
the good-message level from channel 1 to the B 
drum input section. 
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figure A and 8 Signal Reloys Driving Circuit, Simplified logic Oiogram 

,--------, 
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PARITY BIT 
LINES 

32AL(K41, 321.L(Kll M 

32AKIK41, 32AK(Kll 

32AM(K41, 32AM(KI) 
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32 AK (KS), 32 AK IK2) 

32AM(K51, 32AM(K2) 

32AN IKSI, 32ANIK2l 

32ATIK4)3-4 

32 

32 

2 .----...i 

A ORUM INPUT 
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(6 WAY SWITCHING 

OR CIRCUITS! 

B ORUM INPUT 
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16 WAY SWITCl'ING 
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IDRUM=J 

MESSAGE 
WORD 

PARITY 
TRANSFER I 

I 
I 
I L ________ _J 

2 

lc4_ ~'''~:·:_-__ }=<~--{ :,::~~~~:~::J 
II R~FEF< TO TA&LE 5-3 FOR C.ONIACI GHUl.IP~ 

EMPLOYED TO TRANSFE~ SPECIFIC en~ 

Core Data Transfer, Simplified Schemcrlic Dingrnm 



FUNCTIONS OF SIGNAL RELAYS, CHANNEL I 08ZO 

FUNCTION A SIGNAL RELAY B SIGNAL RELAY 

Core data transfer: LS 32AL(K4)6 32AL(K'S)6 
LI 32AL(K4)S 32AL(KS)S 
L2 3ZAL(K4)4 3ZAL(K5)4 
L3 32AL(K4)3 3ZAL(K§J3 
L4 32AL(K4)2 32AL(KS)Z 
LS 3ZAL(KI )S 32AL(K2)S 
L6 3ZAL(KI)4 32AL(KZ)4 
L7 32AL(KI)3 32AL(KZ)3 
LB 3ZAL(KI)Z 32AL(K2)2 
L9 3ZAK(K4)6 32.1\K(KS )6 
LIO 3ZAK(K4)S 32AK(KS)S 
Lll 3ZAK(K4)4 3ZAK(K5)4 
LlZ 32AK(K4)3 32AK(KS)3 
LI3 32AK(K4)2 32AK(K6J2 
LI4 32AK(KI)6 32AK(KZ)6 
LIS 32AK(KI)S 32AK{K2)S 
RS 32AM(R4)6 32AM(KS)6 
RI 3ZAM(K4)S 3ZAM(KS)S 
RZ 3ZAM(K4)4 32AM(K5)~ 
R3 32AM(K4)3 32AM(K5)3 
R4 3ZAM(K4)Z 32AM(KS)2 
RS 3ZAM(KI)S 3ZAM(KZ)S 
R6 3ZAM(KI)4 3ZAM(KZ)4 
R7 3ZAM(KI)3 32AM(KZ)3 
RB 3ZAM(KI)Z 3ZAM(KZ)Z 
R9 32AN(K4)6 3ZAN(KS)6 
RIO 3ZAN(K4)S 32AN(KS)S 
Rll 3ZAN(K4)4 3ZAN(K5)4 
RI2 32AN(K4)3 32AN(KS)3 
RI3 3ZAN(K4)2 32AN(KS)Z 
RI4 32AN(KI)3 32AN(K2)3 
RIS 32AN(KI )2 32AN(KZ)2 

Word 2 -4 parity bi~ 32AT(K4)3 32AT(KS)3 
Word 1-3-S parity bit 32AT(K4)4 32AT(KS)4 
Write level 32AK(Kl)2 32AK(K2)Z 
Site neon indication(f. I SOY) 32AT(Kl )6 32AT(K2)6 
Good message level 32AT(K4)S 32AT(KS)S 
Readout alarm 32AC(KI )4 32AC(K2)4 
Drum demand:Into channel 32AC(K4)4 32AC(KS)4 
To next channel 32AC(K4)6 32AC(KS)6 
ODandXT L timing ODl-D 32AC(K4)2 32AC(KS)2 

OD4 32AT(KI)4 32AT(K2)4 
XT 1 3ZAC(KI)6 32AC(K2)6 



FUNCTION 
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FUNCTIONS OF SIGNAL RELAYS, CHANNEL 1 (Cont'd). 

A SIGNAL RELAY 

XT 3-D 
XT. 6 
XTL 2/3 
XTL 5/~ 

32AC(Kl)2 
32AC(Kl)3 
32AT(K4)6 
32AK(l{l)3 

B SIGNAL RELAY 

32AC(K2)2 
32AC(K2)3 
32AT(KS)6 
32AK(K2)3 
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The detailed operation of the signal relays for channel 
1 is discussed by function below; different relays tabulated 
in the Input System schematic books, are employed in 
other channels, but their operation is the same as that 
of analogous relays in·:;channel 1. 

C. Core Data Switching Circuit 

~he core data switching circuit switches the output 
of the main storage registers of each•:channel to drum 
input section A when the A signal relays are picked 
or to drum input section B when the B signal relays 

. are picked. The outputs of the corresponding core 
(e.g., the LS core) of words 1, 3, and 5 and words 
2 and 4 are combined through diodes and connected 
to contacts of the A and B signal relays. The diodes 
serve to isolate the core data output of each channel 
from that of other channels. 

The circuit for the LS core of words l, 3, and 5 is 
shown. When A signal relay 32AL(K4) has been 
energized, the 6a -6c contacts of 32AM(K4) and 
32AM(K5) serve the same purpose for the RS bit 
of words 2 and 4. 

The parity lines for words 1, 3, and 5 are combined 
in an OR circuit and connected to A signal relay 
contact 32AT(K4)4 and B signal relay contact 32AT 
(K5)4. Contacts 32AT(K4)3 and 32AT(K5)3 perform 
the same function for the parity bits of words 2 and 4. 
Coincidentally with word readout, the parity bits for 
the message words are transferred to appropriate 
circuits in the A or B drum input section. 

D. Write Level Switching 

Write level switching connects the write level 
produced by the drum demand circuit Pf the channel 
input section to the A or the B site can for the 
channel. In channel 1, the write level is applied to 
contact Za of A signal relay 32AK{Kl) and to contact 
Za of B signal relay 32AK(K2). Depending on which 
relay is energized, the write level is applied to the 
site can for channel 1 in the A or B drum input section. 
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RETURN 
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!I 
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SWITCH ICHAllllllEL &I 
o8 

09 

Write level Transfer, Spare Cllannel Switcfling, Simplified Scllemafic Diagram 

0850 



CROSSTELL 

Write level switching and spare channel switching 
are both required to make the proper connection. 
Assume that the spare channel has replaced channel 
l (CHANNEL SELECTOR switch set to 1) and that 
the A signal relays have been energized. The write 
level generated in channel 6, <!~1.annel input section, 
is then applied through contact 2 of signal relay 
32FK{Kl) ~nd contact 1 of spare channel relay 32FD(Kl )1. 

E. Site Neon Indication Switching 

J:ach channel control panel (simplex maintenance 
con.sole) contains two sets of site identity indicators, 
indicating, in 5-bit code, the identity of the site to 
whicq the channel is connected. The A set of indicators 
is active when the channel is in the same status as 
the A machine; the B set is active when the channel is 
in the same status as the B machine. Only one set of 
indicators (A orB) can be lighted at a time. 

Note: Site Neon Idication is controlled py thp. "A" 
or "B" signal relays. 32AT(Kl) ori~rg~zed 
will light A site neons, 32AT(K2) will light 
1!'B'!' site neons. 

F. Good-·Message Level and Readout Alarm Switching .. 
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Logic S2 ." 3. 6 

The good-message level, generated in the main 
storage :readout control circuit, is applied to A 
signal relay 32AT(K4) and B signal relay 32AT(K5). 
The level is transferred to the A drum input ~ection 
when the A signal relays are energized and to the 

Logic S2. 3. 2(14E) 

B drum input section when the B signal relays are 
energized. 

The readout-alarm pulse. is generated in the drum 
demand circuit when a message is about to be shifted 
into main storage registers that already holds a 
message. The pulse is applied to A signal relay 
32AC{Kl) and to B signal relay 32AC(K2) and is. 
transferred accordingly to the . A or B half of the 
drum input section, depending on which set of signal 
relays has been energized. 
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NOTE 

The 1 set of contacts on the A and B signal relays 
are series-connected with the A SIGNAL CONT:ACTORS 
CLOSED and B SIGNAL CON'D\.CTORS CLOSED indicators, 
respectively, on the channel control panel. Thus, 
failure of one signal relay in the A or J3 group to 
energize will cause the appropriate indicator to remain off. 

Corresponding relayf! for other channels are tabulated 
or indicated on logic schematic diagrams, as follows: 

Core Data s 2. 3. 4 

Line Parity S 2. 3. 2 Charts II-III 

Write Level s 2. 3. 3. 

Good-Message Level S 2. 3. 2 Chall'~ IV 

Readout Alarm S 2. 3. 2 Chart I 

Drum Demand S 2. 3. 2 Chart XI 

OD and XTL Timing A 2. 3. 5 

B 2.3.5 

G. Status Indication Switching 

Each computer is kept informed of the channels with 
which it is associated. When a signal relay is 
energized, lOV is applied to an assigned core in the 
direct entry section of the MDI element. Periodically, 
the cores (organized as a core matrix) are read out 
to the Central Computer. When the A signal relays 
for channel 1 are energized, the /.lOV is applied 
through contact 5 of.relay 32AT(Kl);· when the B relays 
for channel 1 are energized, the /.lOV is applied 
through contact 5 32AT(K2). 
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H. Drum Demand Switching Page O~~~O 

Drum demand pulses from the Drum System 
are suppli.led to the channel input section to 
indicate an empty slot on the drum field assigned 
to XTL data. The DD pulses from the A Drum 
System are fed to channels in the same status, 
active or standby, as the A .eomputer, whereas the 
B Drum System supplies the channels ir the same 
as the B computer. 

Logic S 2. 3. 2 
The DD pulse is <;lpplied the the channels on a 
priority basis. The pulse senses (in the drum demand 
circuit) for the p:resence of a good message prepared 
for transfer to the drum input section. If it c!oes not 
find such a condition, it is passed without delay to the 
channel of the next highest priority, until all channels 
are sensed. Drum demand pulses from the A Drum 
System may be sensing channels associated with the A 
computer at the same time that DD pulses from the B 
Drum System sense channels associated with the B 
computer. 

The drum demand switching circuit for each channel 
makes use of two sets of contacts on two relays. The 
DD pulse from the A Drum System is applied to contact 
4a of A signal relay 32AC(K4). The DD pulse from the 
B Drum System is applied to contact 4a of B signal relay 
32AC(K5). When the A signal relays are energized, the 
DD pulse is applied to contact 6a of A signal relay 32AC(K4) 
and b signal relay 32AC(K5) and is passed by 6a and 6c 
of 32AC(K4) to the A drum demand input of the next channel. 
If the A signal relay is not energized, the A DD pulses 
passes through 4a-4b-6c of 32AC(K4) to the next channel, 
bypassing the channel completely. 

The B Drum demand switching circuit is analogous 
to the A drum demand switching circuit. 

(15C) 
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32BCIK51 

A DRUM SYSTEM 

}
CHANNEL NEKT IN PRIORITY 
TO CHANNEi. 2 

CLEAR SIDE OF 
CHANNEL READY FF 

r-l-, 
._~~~~~~--i, GTI ... ~~~~~--. 

~----~ 

CHANNEL 2 (NEXT HIGHEST PRIORITY) 

CLEAR SIDE OF 
CHANNEL READY FF 

r--l., ISEE FIG 5-281 
,__~~~~~~-1 GTI 

L .. ., .... .,, 

THROUGH DD PULSE 
DRUM INPUT 
SECTION A 

32AC IK4) 32AC(K51 CHANNEL I I HIGHEST PRIORITY I 

B DRUM SYSTEM 
THROUGH DD PULSE 

ORUM INPUT 
SECTION B 

NOTE AS SHOWN , CHANNEL I IS ASSOCIATED WITH A MAC.HINE 

I A SIGNAL RELAYS ENERGIZED I AND CHANNEL 2 IS ASSOCIATED 

WITH B MACHINE I B SIGNAL RELAYS ENERGIZED) 

Drum Demand Switching, Channels J and 2, Simplified Schematic Diagram 
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OD Pulse and XTL Pulse and Level Switching 

The OD pulse and XT L pulse and level switching 
circuitry switches the timing pulses and levels 
generated in, or made av~ilable by, the A and B 
drum input section to the channels associated with 
the A and B computer, respectively. 

0900 

Refer to Logic 
A 2. 3. 5 
B 2.3.5 

J. SUMMARY QUESTIONS 

l. By means of Duplex Switching, common A output 
can be sent to computer B. (T or F) 

2. The function of Duplex S·Nitching is to route data & 
control signals between the XT L channels and the 
A and B MIXD Drums. (T or F) 

3. What will determine whethe;r a specific channel wlll 
receive OD pulse from 11!' 11 ;ide MIXD Drum or 11B 11 

side MIXD Drum. 

4. In spare channel switching, the write level that is 
generated in the spare channel will be directed to 
what site identity can? 

5. If a channel is in the same status as the 11A 11 computer, 
the "A 11 s,et of site identity indicators will be on. (T or F) 

6. "A" Computer is standby. 
"B" Computer is Active. 

Odd numbc~red channels 1, 3, 5, 7, 9, 11, etc. tliru 23 
."'11'"" active and even numbered channels 2, 4, 8, 10, 12, 
14, etc. thru 24 are Standby. 

What channels will be queried by 11A 11 MIXD Drum, Drum 
Demand & In what order? 



INDZRCATOR lll!X>N 

CHANNEL READY 1-0 

GOOD MESSAGE 

FAST SHIF.r CONl'ROL 

TIMilll 

TIMIW S!'NC 

ST.A.RT READOOT & RmE'l' 

ADDRESS COMP.ARB 

READOUT PROTECTION 

SHDT COUPLER 

SHIFT DELAY 

SITE mmm COMMON 
F4JIPMEN'l' A. and B 

CROSSTELL 

INDICATION 

Neon 1 is on at the end or the fast shitt, 
indicating that a S-word message is rea~ 
to be read to the drums·; it a second fast 
shitt occurs before the previous message 
has been read out, the •larm neon in the 
conmon equipment is set. 

On if received message has correct parit7 
and address. 

Indicates that the 7-core shift registers 
and the 17-core shift registers are fast­
sbitti:r:ig etter the message is completed 
to clear the 7-core shitt registers ror 
the next message. 

0910, 

These neon& each indicate the parity count 
on one word ot the inc~ message;: since 
the neons· are cleared at the beginning of' 
a message, it a neon is on wen the message 
ends, the message is discarded. 

On lihen the core shitt tor the core shitt 
registers and the data distributor cores 
is initiated. 

On tor each SJ1JCK timi~ pulse. 

Turned on it the charmel rea~ FF is on 'Nhen 
• drum-demand pulse comes f"rom the coJmDOn 
equipment. 

These neons indicate wen the start readout 
and reset FF1s come on. 

Indicates result ot incomi~ message address 
comparison. 

!Diicates status of FF' s used to prevent 
excessive duty 07Cle on the core shift drivers. 

On wen the 17-core shift registers are bei:r:ig 
shifted in step with the 7-core shift 
registers a.rt.er 7 shitts have taken place. 

Indicates status of nip-fiop which.delays 
the shift pulse to the CSR 1 s and the core 
counter f'rOJ?I XTL 3/6 time to XTL S/6 time., 

These neons are energized b7 five . lines f"rom 
site identit)" cans in the common equipment 
to give a visual indication to the operator 
as to the site associated vi.th a particular 
channel. 
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V. CROSSTELL DRUM INPUT (COMMON) 

A. Common Inputs 

1. Selected channel outputs 
2. Accommodates one channel at a time pet' common. 
3. Drum timing pulses. 

B. Common .. Outputs 

I. Data .to.drum 

a. Data from channel. 
b. Clock and site ident. in 1st word. 
c. Drum parity for each Drum word. 

2. Timing pulses to selected channels. 

C. Function of Common 

I. Converts channel data which is in the form of 
Tape Core Signals into Standard pulses. 

2. OR's together channel outputs. 
3. Generates drum parity - odd. 
4. Adds clock and site ident. 
5. Generates data avail. pulses. 

D. Discussion of Block Diagram 

1. Data Flow 

.a. First drum word. 

1) LS-Ll S & RS-R4 from channel 
2) Parity generated 
3) Clock time (RS-RIO) 
4) Site identity {Rll-RlS) 

b. Second drum word and third drum word. 

1) LS-LIS & RS-RlS from channel 
2) Parity generated 

2.. Control Circuits 

a. Explain each block briefly 
b. To be discussed in detail later. 

0920 
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·~. Circuit Analysis 

1. Introduction 

The drum input section performs six basic 
functions in the processing of XTL messages: 

a. It funnels the outputs o·f the 24 channels 
into one section. The outputs of the 
channels are the five message words 
and accompanying pulses and levels 
developed by the channel input sections 
and fed to the drum input section in the 
order of channel priority. 

b. It adds to each message the Central 
Computer clock time, the identity of 
the site at which the mes sage originated, 
and the drum word parity bits. 

c. It transfers the XTL message in the form 
of three drum words to the Drum System. 

d. It provides the channel input section with 
the synchronizing XTL pulses and levels 
that channel input operations ·require. 

e. It indicates at the duplex maintenance con·eole 
certain alarm conditions which may occur 
in the processing of the XTL message. 

£. It informs one drum field (in the Drum 
. System) of an imminent message transfer. 

Because failure of the drum input section would inactivate 
all XTL inputs to the Central Computer, the system is 
duplex. If the A machine is active, all channels in the 
active status are associated through duplex switching with 
the A drum input section; channels in the standby status 
are then associated with the B drum input section. If the 
statuses :of the A and B machines are reversed, duplex 
switching automatically associates each channel, i~ 
accordance with its status, with the proper half of the 
drum entry section. 

0930 



CHANNEL L=S=-=L=l=5,'.::::RS=-=R=l5===~ 32 6:W/ll( t::===========:i 
~~~~~ON CHANNELS 19-24 L_2)~S_J { 

r:---:i 

(MAIN STORAGE 
REGISTERS) LS-LIS, RS-Rl5 ~2 6-WAYl 
CHANNELS =======~ OR'S t::========:i 
13-24 CHANNELS 13-18 L ___ J 

DUPLEX ALARM RESET 
MAlllTENANCE-....;;;.--"''---. 
CONSOLE 

CENTRAL 
COMPUTER tREAL TIME 

PIJLSE/IL,.c 

REAL TIME 
L?ULSE/oec 

CLOCK 

CLOCK TIME (FIRST DRUM WORD) 

CLOCK PARITY ODD 

CLOCK PARITY EVEN 

PARITY 
2 13-WAY OR's 

CLOCK 
ANO SITE 
IDENTITY 
PARITY 

SITE 
IDENTITY 
5-BIT 
CODE 
(FIRST 
WORDI 
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DRUM SYSTEM ---, 
I 
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I I 
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I I 
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I I 
I I 
I I 
I I 
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I 
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)(TL I I .,__.. _____ ,._ __ --I_ AMPLIFIER 1----
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CHANNEL 
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THROUGH 
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SWITCHING 
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WRITE 

CEMANDl LEVELS 

~~~~~GE GOOD 

~~~C}iigll MESSAGE 

DRUM 

Ol:.MAND 
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GENERATORS 

SITE CLOCK 
TIME DRUM 
WRITE 
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ORUM WRITE DATA lSECTION 

DRUM- AVAILABLE DRUM 

WRITE t--------------... -~---_J SYSTEM 
2 12-WAY OR's 

ODl-D 

:::::::00:::1,=2,=3=,4::::======~~~-~============================================::::l DRUM SYSTEM -- 4 

~~::i\1~ANCE ALARM RESET 
CONSOLE 

=~'i-~~ESECTION READOUT ALARM 

~~~~~~ c.?uNPI'::~~l 24 CHANNELS 
SWITCHING 

READOUT 
ALARM 

2 12-WAY OR's 

CLOCK ALARM 

ALARM 

Drum Input (Common} Section, Simplified Block Diagram 
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r~ 



CROSS TELL 

In the followi~ discussion, it is assumed for 
simplicity that all channels are in the same 
status and consequently associated with the 
same half of the drum input section. 

2. Block Diagram analysis of Drum Input Section 

a. The block diagram shows the major circuits 
in the drum input section. The ope_ration of 
these circuits is first discussed generally 
in terms of the circuit contribution to the 
performance of basic drum input section 
functions. Then the various blocks are 
discussed on the logic diagram level. 

b. Consolidation of Output Lines of 24 Channels 
into one common section is possible because 
only one channel can send a message to the 
drum input section at one time. When an 
empty drum slot is in a position to receive 
an XTL message, a DD pulse is sent to the 
drum demand circuit of channel 1 (top 
priority channel). If channel 1. contains 
a message that is ready for transfer to the 
Drum System, the DD pulse initiates the 
readout process. If channel 1 does not 
contain a message, the drum demand 
circuit will transfer the DD pulse to 
channel 2 (next priority channel) where 
it will initiate readout or pass to channel 3. 

Consoldiation of the outputs of the 24 channels 
is accomplished by OR circuits. Previously, 
in the channel input section, like message bit 
lines and parity-bit lines of the words 1, 3 and 
5 main storage registers have been consolidated; 
similar~y. output lines of the words 2 and 4 
main storage registers have been consolitiated. 
Consequently, each channel feeds 32 message bit 
lines and two parity lines to duplex switching. 

I 

One hundred and twenty-eight 6-way switching 
OR circuits, which are physically part of duplex 
switching, followed by 32 4-way OR circuits, 
consolidate the like message-bit lines of the 24 
channels. For example, the LS bit lines of 
channels 1 through 6 are consolidated in one 6-way 
switching OR; likewise, the LS bit lines for 
channels 7 through 12, 13 through 18, and 19 
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(The logic shows 
only 12 channels 
consolidated. ) 
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through 24 are consolidated in separate 6-way 
OR 1 s for each group of channels shown. The 
output of the 6··way OR' s are further inc~rporated· 
by a 4-way OR to form one LS bit line. Each 
of the remaining bit lines (Ll-Ll5, RS··Rl5) 
is combined in a similar manner to form a 
total of 32 bit lines which are fed to the XTL 
amplifiers. 

The 24 good-message level lines are consolidated 
into two lines by two 12-way OR's; the two lines 
are then combined, by a 2-way OR, into a single 
good-message level line. The 24 readout alarm 
lines are consolidated in a similar manner to 
form one readout alarm pulse line. The two 
parity bit lines from each of the 24 channels are 
consolidated into two lines; the combined clock 
and site parity line is incorporated with the 
words 2 and 4 parity line. Write-level lines 
are not combined; each is fed to the appropriate 
site identity generator. 

Since only one channel is read out at a time, 
there can be only one input to each of the ' 
OR circuits referred to above and to the 
site ident.ity generators. 

NOTE: 12 channels are generally sufficient. 

F. Function of Site Identity 

1. Identify source of ·data being received •. 
2. Five bits of "Info11 (Rll-Rl5) of first drum word. 
3. Do not confuse with "message address bits. 11 

a. Address bits identify receiver and are 
transmitted as. part of message. 

b. Site identify bits identify sender and are 
generated in common. 

4. Site identity code of 11 s & 01 s will be specified 
for each channel - will be same code for Common 
A and Common B - two identical cans. 

NOTE: Important to keep in mind is that each 
receiving site has but one address. Each 
transmitting site sends to a specific 
channel. Each channel is associated with 
a site-can which identifies the source of data. 
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NOTE: A spare should be capable of substituting 
·for any channel. This is possible only if 
the spare channel will accept messages 
having the same address as the channel 
being replaced. 

Generation of Site Identity. 

1. Inputs 

a. Write Level (normally at -30V) 
b. -30 volt level 
c. Ground 

Z. Outputs 

a. Five site identity lines 
b. Five neon signal lines 
c.. Site even line 

Channel Write Level Switching 

L Channels 1-5 and 7-IZ 

a. Goes to Common A if 3Z*K (Kl) is 
energized. 

b. Goes to Common B if 3Z*K (KZ) is 
energized. 

NOTE: The write level is sent thru the Site can 
to develop the, site identity but it also 
bypasses the Site can and goes 011t as a 
Write level to gate I st Word readout. In 
addition, it enables the word one parity 
generator. 

Z. Channel 6 
. .,. 

a. Goes to Co:rn?n..9n A if _3ZFK (Kl) is energized. 

b. Goes to Common B if 3ZFK (KZ) is energized. 

/ 

I 

c. No site can of its own so is switched to site can 
of channel being replaced, This is accomplished 
thru the relay~ .:Picked by channel selector 
switch on control panel of channel 6. 
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3. Channel 13 

a. Goes to Common A if 32TK (Kl) is picked. 
b. Goes to Common B if 32TK (KZ) is picked. 
c. No site can of its own so is switched to site 

can of th~ channel being replaced. This is 
accomplished thru the relays picked by 
Channel Selec·tPr Switch on Control panel 
of Channel 13. 

I. Phone Line Indication Switching 

1. Absence Circuit and Selection. Indicators 
wired from Unit 97 to indicating neons on 
each channel control panel, except for 6 and 
13. 

z. Spare Channel 6 

a. Indicator neon's controlled by Unit 97 
thru Relays 32F* (K*) which are picked 
by Channel Selector switch. 

3. Spare Channel 13 

a. Indicator neons controlled by Unit 97 
thru Relays 32T* (K*) which are pi.eked 
9Y channel Selector switch. 

J. Drum Field Selection 

1. Either Crosstell Common feeds information to 
the crosstell field on its associated MIXD drum. 

a. Crosstell Field 

I) Generates Drum Demand Pulses 
(D.D. (OD 3) ) when M~rker Channel 
equals a "l" and status Channel equals 
a 11 0. 11 

2) The Marker Channel is written prior 
to operating XTL (SDR 40). 

K. Circuit Analysis 

1. Addition of Clock Time, Site Identity, and Drum 
Parity to the Message. 

1000 

Logic;: 2.. 3. 6 (9E) 
2 • 3. 6-1 

Logic z. 3. 3 (1-3) 
(A-E) 

Logic 2. 3. 3 (10-12) 
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:'he clock time indicates the time a message is 
.eceived, relative to the real-time clock of the 
Gentral Computer. 

Clock time is produced by the clock circuit. 
The circuit receives pulses from the Central 
Computer System real-time clock at O.f- -and 

-; -second intervals. These pulses, with the 
jD 1 and OD 3 pulses from the pulse generator, 
ire used to originate the pulses that step the 
;lock, check the clock operation, and initiate 
.he parity count of the clock time. 

The clock circuit indicates clock time by a 
6-bit configuration which is fed to the RS through 
RIO XTL amplifiers. A clock-parity-odd or 
clock-:parity-even signal is delivered to the 
clock and site identity parity circuit to aid in 
drum parity determination. A malfunction of 
the clock circuit will cause a clock~alarm 
indication at the duplex maintenance console. 

The site identity code identifies the message 
source that has sent the XTL message. A 
site identity generator circuit, referred to as 
a site can because of its physical structure, 
is assigned to each channel. When a write 
level from the channel is fed to the site can, 
it generates a distinctive 5-bit code, which is 
fed to the Rll through RlS XTL amplifiers. 
Since each channel is connected to a particular 
site, the code identifies the site at which the 
message originated. Parity of the 5 bit site 
identity code is also determined by a portion 
of the site identity generator circuit and sent 
to the clock and site identity parity circuit. 

The clock and site identity parity circuit 
combines the parity count of the site identity 
with that of clock time to produce a single 
pulse, labeled site and time parity. This is 
delivered to the drum parity circuit to assist 
in establishing 1h.e parity of the first ~runi 
word (since both clock time and site identity 
become part of drum word 1). 
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The drum parity circuit receives a parity indication 
of each of the five message wo:rds in addition to 
the clock""site parity. Message Word 1 parity is 
received at the first readout. Message words 2 and 
3 parities at the second readout, and message words 
4 and 5 at the third readout. The clock-site parity 
is combined with message word 1 parity to deter­
mine drum word 1 parity. The drum parity circuit 
operates to produce odd parity for each of the three 
drum words; that is, an odd number of 11 s is 
contained in eax:h drum word, including the parity 
bit. 

z. Transfer of Message to Drum System 

The drum input section composes the XTL message 
into three 33-bit words for transfer to the Drum 
System. The first ste·p:i:h this composition of the 
message has been accomplished in the channel 
input section where message data and word parities 
are transferred in three readouts. Message word 
1 is transferred at readout l; message words 4 and 
5 are transferred at readout 3. The five message 
words are thus roughly reformed into three words. 
The site -identity and clock-time bits are added 
to the first-. word and a parity bit is added to each 
of the three words, to form the three 33-bit drum 
words. Briefly, the composition and transfer of 
the drum word are achieved as follows. 

During the readout process, a good-messp.ge 
level. is fed (from the main storage readout 
channel circuit of the channel reading out) 
through OR circuits to the drum write circuit. 
The good-message level permits the drum write 
circuit to pass three OD 1 t l pulses af;!I drum 
write pulses. These pulses are in synchronism 
with the three readout revels which last from 
OD 4 to the succeeding OD 4. The three drum­
write pulses are applied to the XTL amplifiers. 
The first of the three is separately applied, as 
a site-and-clock-time .. drum-write p1,ill!le, to the 
RS through Rl5 XTL amplfiers. 

The XT~ amplifiers transfer the three drum 
words to the Drum System. During readout 1, 
the first message word is applied to XTL 
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amplifiers LS through Ll5. Concurrently, the 
clock .. time-bits, generated in the clock-time 
circuit, are fed to XTL amplifiers RS through 
R 1 O; the sit~ identity bits, generated by the 
site identity generator, are applied to XTL 
amplifiers Rll through Rl 5; and the first' 
drum word parity bit is fed to the XTL parity 
amplifier. Whenever a 1 has been applied 
to an XTL amplifier, the first drum-word 
pulse (OD 1 /. 1) is gated through that 
amplifier to form a corresponding bit of 
the first drum word. Bit positions RS 
through R4 are blank in drum ~rd 1. 
Message words 2 and 3 are applied during 
readout 2 to XTL amplifiers LS through Ll5 
and RS through Tl5. Concurrently, the 
second drum word parity bit is applied to 
the parity bit XTL amplifier. Each XTL 
amplifier to which a 1 is applied gates 
through the second drum-write pulse to form 
a corresponding bit of drum word 2. Drum 
word 3 is formed, similarly to drum word 
2, by message words 4 and 5, the third drum 
parity bit, and the third drum-write pulse. 

3. Generation of XTL Timing Pulses and Levels 

The pulse generator circuit receives OD 1, 2, 
3 and 4 pulses and generates from them the 
XTL timing pulses and levels which other 
circuits require. These are OD 1 /. 1, XT 1, 
XT 3 /. 1, and XT 6 pulses, and XTL 2/ 3 
and XTL 5/6 levels. The pulse generator 
also passes OD 4 pulses to the channel input 
section. 

4. Alarm Indications 

Readout alarm indications are_ passed through 
the readout alarm OR's to the alarm circuit, 
which sends an alarm signal to tjie duplex 
maintenance console (READOUT ALARM 
(XTL-DUPLEX EQUIPMENT) module D, 
lower section). The alarm, indicating 
malfunction of the clock circuit, is g·enerated 
in the clock circuit and sent to the duplex 
maintenance console (CLOCK ALARM (XTL 
DUPLEX EQUIPMENT) module D, lower 
section). The CLEAR ALARMS switch on the 
duplex maintenance console (Module D, lower 
section) resets the alarms. 
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S. Generation of Data-Available Pulse 

The data-available pulse is gen~rated to inform 
the Drum System that a good message is stored 
in the channel equipment and is about to be 
transferred to the drum-. 

6. Message Bit or Circuits 

The consolidation of the mesdage bit ~ines, is 
illustrated for two typical bit lines Ll and R6. 
Like message-bit: lines of the word 1, 3, and 
5 main storage registers and of the words 2 
and 4 main storage registers are consolidated 
into a total of 32 message -bit lines for each 
channel, LS through LlS and RS through RlS. 

Each of the 32 like-bit lines from the 24 channels 
is further consolidated by four 6-way switchi;ng 
OR circuits, which are physically part of duplex 
switching. The detailed circuitry for these 6-way 
switching OR circuits is found in logic drawing 
2. 3. 4. Each 6-way switching OR serves six 
channels, grouped as channels 1 through 6, J · 
through 12, 13 through 18, and 19 through 24. 
The output of each 6-way OR circuit is led to 
a 4-way OR circuit and the output of each 4-way 
OR is applied to an XTL ~amplifier circuit 
designated by the drum word position to which it 
corresponds; thus, XTL amplifier Ll, XTL 
amplifier R6, etc. The RS through RlO XTL 
amplifies also receive the outputs of the clock 
circuit, and Rll through RlS XTL amplifiers 
receive the outp1.1.ts of the site identity generators. 

L. Crosstell Clock and Associated Circuitry 

1. Function of Crosstell Clock 

'-• Specifies time that data was written on drum. 
b. Bits of clock time are RS through RlO - allows 

time interval, up to 32 seconds to be determined 
between receipt of a message and processing. 

Z. Operation of the Clock . 
a. Stepped every 1/2 sec. 
b. .·Reset every 32 sec. 
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\. Review of Clock Timing & Synchronization 

a. Clock stepping and syncing 
b. Binary Counter Output 
c. Parity checking 

4. Circuit Analysis 

a. General 

The clock circuit inserts the relative time of 
reception of an XTL message as the message is 
read out to the drum so that the Central Computer 
may compute the time between message reception 
and message processing by the Central Computer. 
The relative time is inserted into the message as 
part of drum word 1. 

The relative time at which the message is received 
is indicated by six'binary bits. Each binary number 
represents a half second in time; the time cycle is 
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64 half seconds ( 32 seconds). The six binary bits are 
generated by the clock circuit, indicating the number 
of half seconds that have passed since the start of the 
cycle. The clock resets itself to 0 every 32 seconds, 
and counting is continuous. 

The clock circuit is basically a 6- stage binary counter 
that provides a continuous indication of the total number 
of half- seconds that have elapsed sin,ce reset. The 
counter is stepped every 1 /2 second by a standard pulse 
from the Central Computer. The clock circuit also 
contains a parity generator which indicates the parity 
of the clock output at any time. A clock test circuit is 
included which tests the clock every 32 seconds and 
generates a clock alarm in the event of an incorrect 
reading. The logic discussion of the clock circuit is 
divided into four parts: 

a. Clock stepping and synchronizing 
b. Clock indication (6- stage binary counter) 
c. Clock parity generator 
d. Clock test 

b. Clock stepping and Synchronizing 

The stepping and synchronizing section of the clock 
circuit consists of FF s 8, 9, 
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and 10 ahd GTs 8, 9, and 10. StUl.dard 
pulses from the Central Computer 
occuring at a rate of 2 per second (half­
second pulses) set FF 9. The set ·putput 
of FF 9 conditions GT 9,, permitUng an 
OD 3 pulse to pass. The OD 3 pulse sets 
FF 10, conditioning GT IQ. An OD 1 J 
1 pulse, paued by GT 10, clears FF' s 
9 and 10 and is used to step the clock. 
A single OD H 1 pulse is passed for 
each half-second applied to the circuit. 
Since the half-second pulses and the 
OD pulses are not synchronized, the 
time delay between then varies from a 
minimum of 6 usec (OD 3 to OD IJI) 
to a maximum of 16 usec (OD 3 and 
half-second pulses occurring simul­
taneously). The clock is f!lynchronized 
with the Central Computer clock by a 
synchronizing pulse which occurs 
every 32 seconds. This pulse sets 
FF 8. Flip-flop 8 conditions GT 8, 
which passes the following half-second 
pulse and clears the 6-stage binary 
counter. The next synchronizing 32 
second standard pulse occurs, after 
63 half-second pulses have been 
received, coincidently with the 64th 
half-~econd pulse. If the counter ha.s 
_operated correctly, the flip-flops will 
be cleared by the 64th half-second 
pulse, and the 32 second standard 
pulses s.erve only to check clock syn­
chronization. If one or m(lre of the 
flip-flops is set, an alarm is generated. 
The timing chart shows the timing relation­
ship in the clock-stepping and synchro:qizing 
.sectio;n of the clock circuit. Because of 
the time delay of the stepping circuit, the 
reset pulse occurs between the 64th and 
1st stepping pulse. 

c-. Clock Indication (6-Stage Binary Counter) 

The six clock time bits are generated by a 
6-stage binary counter (FF's 1 th rough 6 
and GT' s 1 through 6). The set output of 
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each flip-fl.op is a single binary clock bit 
with the FF numbers corresponding to the 
clock bit numbers. The binary counter 
indicates the number of clock half-second 
stepping pulses that have occurred (since 
last sync) in binary notation. The timing 
chart shows the output of the six flip-flops 
for any number of clock steps. The clock 
bit output is considered to be l's when the 
flip-flops are cleared. The six clock bits 
a,re sent to the RS through RlO XTL amp­
lifiers. 

d. Clock Parity Generator 

The parity (odd or even numbers of 1 bits) 
in the clock output at any time must be 
determined to permit the drum p. rity 
~ircuit to generate the correct parity for 
the first drum word (which includes the 
clock time}. The parity of the clock 
output for each quarter-second is indicated 
qn the timing chart. 

The parity generator consists of FF 12, 
OR 2, and GT's 7, 13, and 12. When the 
clock circuit is operating properly, an 
even number of l's in the 6-binary-number 
clock count causes FF 12 to be set, and an 
odd number of l's causes FF 12 to be cleared. 
The set condition of FF 12 sends an even 
parity signal to the clock and site identity 
parity circuit. The clear condition of FF 12 
sends an odd-parity signal to that ci:rcuit. 
The operation of this portion of the clock 
circuit follows. 

The first 2-pps pulse follow;ng the 1-pulse~ 
per-32 second pulse sets FF 12 and clears 
the 6-FF counter. Every tittle the clock­
stepping pulse finds FF 1, FF 3, or FF 5 
clear, this pulse will be applied through OR 
2 to the complement input of FF 12. Analysis 
of counter operation, shows tHf..t every time 
the counter is stepped to a number with an 
odd-parity count the complement input of FF 
12 sets FF 12. For example, the firat clock-
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stepping pulse sets FF 1, placing 000001 in 
the counter. Parity is therefore odd. Because 
of the time lag in the setting of FF 1, GT-7 
remains conditioned long enough to pass 
the first clock-stepping pulse. This pulse, applied 
through OR 2 to the complement input of FF 12, 
clears FF 12, causing an odd-parity signal, which 
is the desired indication. The second-clock-stepping 
pulse clears FF 1 and sets FF 2, installing the 
number 000010 in the counter. Parity remains 
odd. Because of time lag again, GT 7 is not 
conditioned at this instant, and does not pass 
the second clock-stepping pulse to OR 2. There 
is no complement input to FF 12, which accordingly 
remains clear. The third clock-stepping pulse 
installs 000011 in the counter. Parity is even. 
Finding FF 1 clear, the third clock-stepping pulse 
is passed by GT 7 to OR 2. Flip-flop 12 is accord­
ingly complement-set, producing an even-parity 
signal; which is the desired indication. A similar 
analysis may be extended to the 64th clock-stepping 
pulse. 

e. Clock Test 

The clock is tested every 32 seconds to determine 
whether a correct and complete count has been made. 
After 63 half-seconds have elapsed, the six ..Clock. ·· 
bits should all indicate 11 s (FF's 1 through 6 set). 
If this condition is present, GT' s 1 through 6 are 
all conditioned. The 32-second pulse, which occurs 
simultaneously with the 64th half-second pulse, 
then sets FF's 7 and 8. The 64th stepping pulse 
occurs at least 6. 5 usec after the 64th half-second 
pulse and passes through GT's l through 6 clearing 
FF 7. Concurrently, clock bits l through 6 are all 
changed to O. Flip-flop 7 is called the 11 s test flip­
flop because it is cleared only if all clock bits 1 
through 6 were l's after the 63 count. 
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M. Site Identity Generator Analysis 

In order to shorten message length and conserve 
transmission time, identification of the 
transmitting site is not included, as such, in 
the messp.ge. However each message source 
transmits XTL messages to the receiving 
Central over a separate telephone line 

· terminating in a specific channel. The site 
identity generator circuit generates a 5-bit 
code, the configuration of which is unique to 
the channel processing the message; i.e., it 
indicates the originating site of the message. 
This 5-bit code is added to the first word of 
the message operation in the following manner. 

The write level (OD 3 to OD 1 + 1) from the 
drum demand circuit of each channel is sent, 
through duplex switching, to a separate site 
identity can. Each site identity can is wired 
so that the application of the write signal produces 
a binary address plus a site parity output on the 
six lines. Two site cans, one for channel 1 and 
one for channel 2. are shown. 

The binary address number is assumd to be 10101 
for channel 1, 11101 for channel 2.. The site 
identity can for channel 1 is wired so that the write 
signal from Channel 1 produces l 1s (+lOV) on site 
bit lines 1, 3, and 5. Site bit lines 2. and 4 are 
connected to -30V, indicating 0 1 s on these. lines. 
Since Ure site number for channel 1 has an odd 
parity (odd number of l's in 10101), the even 
parity line is connected to the -30V line (0). The 
channel 2. site is wired so that the channel 2. write 
signal produces l's on site bit lines 1, 3, 4 .. and 
5. The -30V supply places a 0 on site bit line 2.. 
The parity of the channel 2. site number is even 
(11101). Therefore, the· write signal also produces 
a 1 on the even.;parity line. The site cans also 
pass the channel-write signal of their respective 
channels to the drum write circuit. 
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Since only one channel can produce a write level at 
any one time, the similar site bits of all channels 
and the write l~vel are collected by 2.2.-way OR 
circuits and sent to XTL amplifiers Rll through 
RlS where each 1 bit is converted into a stapdard 
pulse for transfer to the Drum System. The even­
parity level (+lOV) for even-parity count or the ofla 
parity level (-30V) for odd-parity count is sent to the 
clock and site identity parity circuit where the total 
parity of the clock and site identity is determined. 
When the spare channel, channel 6, is substituted 
for another channel, the write level generated in the 
channel 6 channel input section is applied to the site 
can for the replaced channel. Thus, if the spare 
channel replaced channel 1, the write level from the 
spare channel is applied to the channel 1 site can. 

N. Clock and Site Identity Parity 

The clock and site identity parity circuit indicates 
the combined parity of site identity and clock time 
to the drum parity circuit. The drum parity circuit 
generates the correct parity bit for each drum word 
as it is transferred to the Drum System. Since part 
of drum word 1 is made up of the clock time and site 
identity bits, the parity time and site identity must 
be known to generate the proper parity for the first 
drum word. 

The constantly changing clock parity is indicated 
at "&:ny time by the outputs of the parity flip-flop in 
the clock circuit. The two outputs are clock-parity­
even and clock-parity-odd, depending upon the number 
of 1 's in the clock output at any instant. The parity of 
the site identity is indicated by a site-parity-even 
output from each side identity can. The site-parity­
even output is produced by the application of the write 
signal to the site identity can which is so wired that 
the write signal (a 1 level of 6-usec duration) appears 
on the site-parity-even output. When the number pf 
1 data bits in the site identity is ocld, the site-parity­
even output is a constant -30V (0). 
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':'he output of the clock and site identity circuit is 
a 0 whenever the total parity of clock and site identity 
i.s even and a 1 when the total is odd. The four 
possible combinations of parity and the resulting 
outputs are listed in table below. 

PARITY COMBINATIONS AND OUTPUTS 
Site Output to 

Clock Identity Total Parity Assigning 
Circuit 

Odd Even Odd 1 

Odd Odd Even 0 

Even Even Even 0 

Even Odd Odd 1 

For the first case (clock odd, site identity even), the 
clock parity-odd input and the site parity-even input 
are applied to AND 1 which then passes a 1 output 
(+lOV) to the drum parity circuit through the OR circuit. 
In the second case (clock parity odd, site identity odd), 
AND 1 has a 0 output (-30V) because the site parity-even 
input is down (0). This ,.site-identity-odd), i:niput is" also 
passed through an inverter (1) which applies a 1 (+lOV) to 
AND Z. When the write signal occurs, indicating. readout 
of the first word data, it is applied to AND Z, which 
produces a 1 input to AND 3. 

AND 3, however, has a 0 output, since its second input, 
clock-parity-even, is down (0). Since neither input to the 
OR circuit is a 1, the output to the drum parity circuit is a 
o. 

In the third case (clock and site even), neither AND 1 nor AND 
Z has a 1 output~ In the fout"th case (clock even, site odd), 
the 0 on the site-parity-even line is changed to a 1 by the ;_ 
inverter and applied to AND z. The write signal then causes 
AND Z to pass a 1 to AND 3 which also receive& the clock­
parity-even signal. The 1 output of AND 3 is sent through the 
OR circuit to the drum parity circuit. The clock and site 
identity circuit relays the channel-write signal to the drum 
write circuit. 
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¢>.. l)T·um. Parity 

'l"he drum parity circuit determines the overall 
parity bit for each of the three drum words and 
applies the r·esulting parity bits to the parity XTL 
amplifiers for transfer to the Drum System. 

Basically, the circuit has two inputs, the parity 
indications of the right half and left half of each 
drum word. The total number of l's in each drum 
word (3Z bits plus parity bit) should be odd.) 
Therefore, whenever the total parity count of the 
left and right halves of a drum word is even, a 1 
is inserted into the drum parity bit position, 
making the overall parity (including the drum parity 
bit) odd. If an odd nu;mber of l's is already contained 
in the drum word, the resulting drum parity bit is a O. 

l!:ach of the five words of an XTL message contains 
a parity bit (bit 17) which is a 1 if the number of 1 's 
in the 16 message (data) bits of the word is odd and a 
0 if the number of Hs is even. These parity bits for 
the .'five words are sent to the drum parity circuit by 
the message word parity transfer circuit on two separate 
lines. ene line sends the parity bits of the first, third, 
and fourth message word parity bits. The two lines are 
designated l-3-5 line parity and Z-4 line pa:rity. The 
parity bit of a particular word appears on the proper 
line when that word is transferred to the common 
equipment by a readout signal. The parity bit of word 
1 is transferred to the common equipment by a readout 
signal. The parity bit of word 1 is transferred by ~e 
first readout signal. The second readout signal 
transfers the second and third word parity bits. The 
third readout signal transfers the fourth and fifth word 
parity bits. Since the right half of drum word 1 is made 
up of the clock time and site identity data, the drum . 
parity circuit receives an indication of the combined 
parity of clock and site identity from the clock and site 
identity parity circuit. This clock and site identity 
appears during the first readout signal (coincidently 
with the write level) and is a 0 for an even number of 
1 bits ci.nd a 1 for an odd number of l 1s in the clock 
time and site identity data. 
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Four conditions are possible for any one drum word. 
These conditions, the parity of the complete drum 
word, and the resulting drum parity bit are summarized 
in table 

I 

The Circuitry for the generation of the drum parity bit 
for channels 1 through 12 is shown in detail on Page 
Similar circuitry exists for channels 13 through 24. The 
output lines of the two similar circuits are consolidated by 
OR 5 and fed to the parity XTL amplifier. In the following 
discussion, the operation of the circuit is described with 
reference to channels 1 through 12 but applies equally to 
channel 13 through 24. 

In the case in which the right and left half of a drum word 
is odd, OR 1 will receive a l from the clock and site 
identity parity circuit or fro:in the .2-4 line parity, depending 
upon which word is being formed. The l output of OR l is then 
transferred to AND 1. AND l also receives the l parity bit 
appearing on the 1-3-5 line through OR 2. The output of AND 
l is changed to a standard level output by the LA and is passed 
through OR 4 and OR 5 to the parity bit XTL amplifier where 
it is transferred to the Drum System as the drum parity bit. 
The LA is necessary to change the nonstandard message word 
parity bits (which are outputs of CS 1 s) to standard levels. 

The other condition that produces a 1-drum~parity bit 
exists when the right half and the left half drum word 
parities are both even. In this case, the clock and site, 

DETERMINATION OF DRUM PARITY 

COMBINED 
RIGHT LEFT RIGHT 
HALF OF HALF OF AND 
DRUM DRUM LEFT 
WORD WORD HALVES 

Odd Odd Even 

Odd Even Odd 

Even Odd Odd 

Even Odd Even 

DRUM 
PARITY 

BIT 

1 

0 

0 

l 

identity parity or the 2-4 line output, and :.the~ 1-3;.5 line 
output will all be O. The clock and site identity 0 and the 
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2•4 line 0 are passed through OR l to OR 3. The 1-3-5 
line input' to OR Z is also a 0, producing a 0 output froD) 
Olt Z to OR 3. An OR circuit has a 0 output only when 
all inputs are 0 but has a l output if any ~nput is a 1. 
1'he 0 output is changed to a standard level (-30V) by 
tiie LA and is then ch~nged to a 1 by the inverter. 
This l output is passed through ·oR 4 and OR 5 as the 
drum parity bit. 

For the other two conditions (right odd, left even, 
and left odd, right even), AND l does not have two l 
inputs, nor does OR 3 have two 0 inputs; the input 
4rum parity bit is therefore a 0 for these cases. 

The drum parity circuit receives the Z-4 line parity 
Aiid the .l-3-5 line parity from all Z4 channel inputs to 
the common equipment. The 2• Z-4 lines are collected 
together by OR circuits into a single Z-4 output; the 
&4 1-3-5 lines are also combined. 

Since only one channel can transfer data to the 
commop equipment at any one time the outputs 
of the combines Z-4 and 1~3-5 lines are the parity 
bit.s of the message being transferred. 

The timing chart shows the timing relationships 
in the drum parity circuit during the transfer of a 
sample message. The clock and site identity 
parity is assumed to be odd, producing a 1 output 
on the clock and site identity line. Parity of the 
first message word is assumed to be odd, theref>y 
presenting a 1 parity bit on the 1-3-5 line. Parity 
of the second message word was also assumed to be 
odd, thereby presenting a 1 parity bit on the Z-4 line. 
Parity of the third through fifth message word is 
assumed to be even, producing 0 1s on their 
respective parity lines. The correct drum parity 
bite for this sample message are: first drum word, 
a i parity bit; secondc"dJ;"um word, a 0 parity bit; and 
third drum word, a 1 parity bit. 

:P. Parity Generation Summary 

1. Function 

a. Generate odd parity for each of three drum 
words. 
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b. 

c. 

d. 

First drum word 

1. Input word 1 
z. Clock count 
3. Site identity 

Second Drum Word 

1. Input word Z 
z. Input word 3 

Third Drum word 

1. Input word 4 
Z. Input word 5 

CROSSTELL 

~ssage Amplifiers 

1. Common Gates 

a. Gates that are sampled for each of 
the three words transferred. 

b. 

c. 

Thirty-three gates. 
C--. 

Parity & LS-LlS gates may pass 
a pulse on any of three ;;Q;ds. 

d. RS-RlS never conditioned on first 
word; may be on 2.nd or 3rd words. 

2.. Site Identity and Clock Gates 

Gates that are sampled for first word 
to drum only. 

Five site identity gates. 

(1) Bits Rll-RlS 
(Z) Conditoned during first transfer only. 

Six Clock Gates 

(1) Bits R5-Rl0 
(Z) Always conditioned by clock count. 
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J_. Circuit Analysis 

XTL Amplifiers 

T,he XTL amplifiers form the drum words. 
One XTL. amplifier is assigned to each of 
tbe 33 bit positions of the drum word and is 
d~signated by that position: RS XTL amplifier 
parity XTL amplifier, etc. Levels corresponding 
tr;> bits of the drum word are furnished to the 
:X:TL amplifiers by the 32 4-way OR circuits, 
the site identity generator, t}le clock cir1:uit, 
ap.d the drum parity circuits. The source of 
these pulses and levels bas been descdbed 
p~eviously in this chppter and will only be 
reviewed at this point. 

At the first readout, the levels repre•enting 
~-first message word are applied through 
4-way OR circuits to the LS through Ll5 
XTL amplifiers. The LS bit of the first 
Qiessage wo:i:d is applied to the LS XTL 
ai:riplifier, the Ll bit to the Ll XTL 
amplifier, etc. Concurrently, the six 
c;lock time bits ·are applied to the l'lS through . 
RlO XTL ampllflers; the five site identity 
bi.ts are applied to the Rll t}Jrough RlS XTL 
amplifiers; and the first drum word parity 
b~t derived by the drum parity circuits from 
c~.ock-time parity, · site identity parity, and 
first message word "parity, are applied t~ the 
parity XTL amplifier. At OD 1 + 1 time 
dliring the first readout, the first dr\Utl•Write 
pulse is supplied to all the XTL amplifiers 
bry the drum write ch;cuit; coincidentally, the 
sri:te-and-clock-time-drum-write pulse ~· 
f\lPPlied to XTL ampiifiers RS through &16. 
~ii,ch XTL amplifier to which a first message 
~rd, site ident~ty, clock-time,or parity 
pulse or level.. has been applied gates tkrough 
the drµm-wrlte pulse as a corresponding bit 
ill. drum word 1. During readout 2, tile pulses 
c.orresponding to message words 2 aiid 3 are 
applied to XTL amplifiers RS thJ:ough R.15 and 
LS througb LlS, respectively, Concurrently, 
':fun), word 2 parity is comp:'1ted by the drum 
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parity circuit on the basis of the parity bit is• 
applied to the parity XTL amplifier. At OD l 
+ 1 during readout 2, the drum-write-2 pulse 
is applied to the parity XTL amplifier, forming 
the c;econd drum word. Message words 4 and 
S, third drum word parity, and drum-write puls.e 
3 are similarly employe4 to form the pulse 3 are 
similarly employed to form the third drum word. 

Four typical XTL amplifiers are shown on Page 
1240. The LS pulse of message word 1, 3, or S 
is fed through a 4-way OR, clamped to standard 
levels by an LA, and applied to the gate of the 
LS XT L amplifier. This gate is strobed by the 
drum-write pulses. When the gate is conditioned 
by an LS message bit level, it passes the drum­
write pulse as the LS bit of the drum word. (The 
pulse is power amplified for transmission to 
the Drum System). The other XTL amplifiers operate 
similarly. However, the RS through RlS XTL amplifiers 
have two inputs. For example, during the first readout, 
site bit S is applied to GT 2 of the Rll XTL amplifier. 
Gate 2. is strobed by the site-and-clock-time-drum­
write pulse to supply bit Rll of the first drum word. 
Simultaneously, GT 1 is strobed by the first drum-
write pulse, but there is no level input to GT l 
during the first readout. During readout 2, the 
Rll bit of message word 2. is applied to GT 1, 
which is strobed by the second drum-write pulse to 
supply bit Rll of drum word 2.. There is no conditioning 
input or strobe to GT 2. during readout 2.. During 
readout 3, the Rll bit of message word 4 is applied 
to GT 1 which is strobed by drum-write pulse 3 to 
form bit Rll of drum word 3. There is no conditioning 
input or strobe to GT 2. during readout 3. 

Gate 2 of XTL amplifier RS receives clock bit 6 
during readout l; otherwi:se, operation of XTL 
amplifier RS is the same as XTL amplifier Rlll.. 
The parity XTL amplifier receives the output of 
the drum parity circuit. The gate is· strobed by 
the three drum-write pulses to produce the parity 
bits of the three drum words. 
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OllUM 
WRITE 

DRUM WRITE 1,2,3 
COD t+ll 

PARITY °"'* Cl4 13·24 
..... T'I' PARITY 

CH 1·12 

,, 
OR 

IT AN CLOCll·TIME 

llTI 
IHlllTITY 
HllllllATOR 

DRUM WRITE 

SITE I 
IDENTITY 

BITS L __ _ 

L ___ _ 

- --;;R;;-;;;-1 
AMPLIFIER 

t--------~--------PARITYBIT 

. . I _ __; ____ __J 

Rl2- Riii 
XTL AMPLIFIERS 

- -R-;;-X-;;:-1 

1---+----A_M_P-LIFIER · 1 

RI -RIO. 

I 
I 

l-----1-----..,;._ R II BIT 

XTL AMPLIFIERS' 

________ _J 

LI-LIO Rl-R4 
XTL AMPLIFIERS 

--L;-X~--, 
AMPLIFIER t-----+------------ LS BIT 

Typical .J(Tl Amplifiers, Slmpllfied logic Dia•"'"' 

DRUM 
IYITE• 
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.t:l. Drum Write 

The drum write circuit furnishes drum-write 
pulses to the XTL amplifiers and data-available 
pulses to the Drum System. The circuit alsp 
relays DD pulses to the channel input section. 

The drum write circuit receives the channel­
write level (OD 3 to OD 1 + 1), and a good 
message level from the channel input section, 
when a channel is being read out. (the write 
level passes through the site identity generator). 
The drum write circuit produces three drum­
write pulses (OD 1 + 1) in synchronism with 
the three readouts of the XTL message, designated 
drum write 1, Z, and 3. These pulses are applied 
to the XTL amplifiers. 

In .addition, a separate pulse, produced coincidentally 
with drum write 1 and designated site and clock-time 
drum write, is applied to the RS through Rl5 XTL 
amplifiers. Drum demand pulses are received from 
the Drum System; indicating the field is prepared to 
accept a message. Consequently, the data-available 
pulse (which informs the drum field that a message 
transfer is inµninent) is directed to the drum field. 

Circuit operation follows. Gate 1 and Z are continuously 
st1>bbed by OD 1 + 1 pulses. When a channel is being 
read out, the good-message level from that channel 
conditions GT 1 for channels 1 through lZ and GT Z 
for channels 13 through Z4. The good-message level 
is up during the entire readout period. Accordingly, 
GT 1 or GT Z passes three OD 1 + 1 pulses in 
synchronism with the three readout signals. The three 
OD 1 + 1 pulses are applied to all of the XTL amplifiers. 
They are also applied to GT 3. This gate is conditioned 
by the write level: OD 3 to OD 1 + 1 during the first 
readout. Accordingly, GT 3 passes only the first drum­
write pulse which is applied as a site-and-clock-time­
drum-write pulse to XTL amplifiers RS through Rl5. 
The drum-write 1, Z, and 3 pulses are applied to PA l· 
and are sent to ~e Drum System as data available pulses. 
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OD PuLSi~ 

Oil 1+1 
I I l I I l 

GOOP 111£55~ 
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SI fE ANO 
·CLOCK TIME 

DRUM WRITE 

CLOCK 
AND 
SITE . CHANNEL WRITE 
IDENTITY 
PARITY 
GENERATOR 

PULSE ~OD::::...,:l..,:+:.,:I:__ _____ .,. 
GENERATOR 

DRUM 
FIELD 

l>llUM DEMAND (OD :ti 

l 
Drum Write Circuit, Timing Chart 

SITE AND CLOCK TIME 
DRUM .WRITE 

GT I 1--__."-----~ 
lCTL 
AMPLIFIERS 
R5-RIO 

DAT.I 

XTL AMPLIFIERS 
R II· Rl5 

XTL 
.IMPLIFIERS 
LS-LIS 
115-RIS 

AV.II LAI LE DRUM 

DRUM 'DEMAND IOD :ti 
CHANNEL 
.. l'UT 
SECTION 

FIELD 

(DRUM DEMAND) 

Drum Write Circuit, Simplified logic Diagram 
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S. Readout Alarm 

The readout alarm circuit provides an alarm 
indication at the duplex maintenance consol~ 
whenever a message in any one of the channels 
is destroyed. A message will be destroyed if 
another message is shifted into the main storage 
registers (channel input section) while the 
regist~rs still contain the previous message: a 
slot has not yet been found for it on the drum. 
Under this circumstance, the channel drum 
demand circuit sends a readout alarm pulse 
through duplex switching to the drum input 
section. 

The :Z.4 readout alarm lines are consolidated into 
a single line by the two 12.-way readout alarm 
OR circuits and the :Z.-way OR. The output of the 
:Z.-way OR sets the readout alarm flip-flop if a 
message is destroyed by any channel. When 
this flip-flop is set, it lights the READOUT 
ALARM neon (XTL DUPLEX EQUIPMENT, duplex 
maintenance console, module D, lower section). 
Operation of the CLEAR ALARMS switch applies 
a triggering voltage to the pulse generator which 
sends a reset pulse to the readout alarm flip-flop 
and to the clock alarm flip-flop. 

Channel 
Input 

Section 
Through 
Duplex 

Switching 

Clear 
Alarms 
(Duplex 
Maintenance 
Console) 

CH 1-12. 

1'2. 

12.-Way 
Readout 
Alarm 

OR 

12.-Way 
Readout 
Alarm 

OR 

Maintenance 
Console) 

Clock 
Alarm 
Flip-flop 

Readout Alarm Circuit, Simplified 
Logic Diagram 
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T- SUMMARY QUESTIONS 

1. How many output lines from a Site Identity can? 
(maximum) 

a. Signal 
b. Neons 

2. How often is clock count checked ? 

3. Specify what each of the following inputs to a 
Site IO can does. 

a. Write level 
b. -30 volts. 
c. ground. 

4. The maximum number of XTL messages that could 
be written on a Drum from~ one channel during any 
given cloc;k count is 4? (T or F) 

5. The receiving s.ite haliil one address. (T or F) 

6. What does each f>f the following alarms signify? 

a. Readout alarm. 
b. Cloe~ alarm. 

7. Which· meuage will be destroyed when a readout 
alarm occurs. 

INDICATOR N!X>N 

CLOCI ALARM 

atOCI 1 

DIDICATION 

Tamed on b:y an OD 1 pulse in the neut • 
clock error has occurred •• cWteninecl bT 
.a:rnc pulse troa the real-tiM clock. 

Comes on each time a pulse trm real-ts. 
clock coaes in;the•.e pulses are sent at 
a 4"1>P8' ~ate; an OD 3 pulse 18 gated to 
set clock eteppizw P'FJ this YI' gates aa 
OD 1 pal.8e to step clock am turn neon ott. 
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INDICATOR NEON INDICATION 

CLOCK 0 

CLOCK PARITY, 1~ 

CLOCK RESE!' CTRL 

READOUT ALARM 

CLOCK TIME 1121 31 4, 
S,6 

XTL PULSE GENERATOR 

ITL 2/33 LEVEL 

I'l'L S/6 LEVEL 

Turned on by an OD 3 pulse aft.er CLOCK 1 
neon is on; an OD 1 pulse is then gated 
to st.ep the . clock and turn this neon and 
CLOCK 1 neon ott. 

T hese tw neons indicate parity ot the clock 
· reading at any given time; odd parity is 

indicated when the 1 neon is on arxl even 
parit7 is irxlicated when the 0 neon is on. 

Turned on f!Nery' 16 secoms by a pulse from 
the real-time clock 1Lhich comes· in at a 
4-pps rate; this pulse turns neon ott am 
samples alarm gate to check tor clock errors. 

Turned · on it new data come&' in on the channel 
before data al.ready in the channel is trans­
ferred to drum. 

These six neons indicate status of each hit 
in a scale-ot-64 counter which is stepped 
at a 4-ppa rate to serve as the XTL clock. 

Complemented by an OD 3 pulse to cause 
generation of XTL timir:g and level pulses. 

Turned on by every other OD a pulse and turned 
ott at OD 3 to form a 2.S-taicrosecond pulse 
tor svitchi~, etc. 

Turned on by f!!Ve?T other OD l pulse am turned 
oft at OD 2>to form a 2.S-microsecond pulse 
tor switchir:g, etc. 
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VI. SIMPLEX AND DUPLEX MAINTENANCE CONSOLE 

A. Unit Status Switch 

1. Active 

a. T..,\relve A or B relays· pick - whichever is active; 

b. Light corresponding "Signal Contactors Closed" 
light on console panel. 

1) Indicates all sig. relays are energized. 

c. Site identity necms of active common should light up. 

1) Indicate site identity can is correct one. 

d. Logic shows relay points that set cores in the MI 
matrix. This feature is no longer used. The 
relay circuitry has been left in and is still shown 
but it has been disconnected at the MI frame. 

e. Connect signal lines between channel and common 
equipment. 

1) Drum and crosstell pulses. 
Z) Parity and LS-R 15 bits. 
3) Write Level 
4) Readout alarm. 
5) Good message level. 

2. Standby 

a. Same as "Active" 

3. Standby - MC . 

a. Same as "Active" 

4. Filament, Power and Off 

a. No signals 

1300 
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Source Switch 

1. 

2.. 

3. 

Data Circuit 

a. Energizes "line" relay 
b. Input data from ckt. 1 or 2.. 

Test 

a. If Unit Status Switch is in 

1) Standby or 
2.) Standby MC 

b. 11 Test11 relay energized 
c. Input data from pattern generator 

Off 

a. No input data to channel 
b. This is a means of disconnecting channel from 

signal. 

C. Data Circuit 

1. Auto 

a. Circuit 1 data feeds "line" relay initially. 
b. If Circuit 1 fails - auto switch to circuit 2.. 
c. DOR auto switching will switch only from a 

bad ckt. to a good one. 

2.. Circuit 1 

a. Circuit 1 data feeds "line" relay. 

3. Circuit 2. 

a. Circuit 2. data feeds 11line 11 relay. 

D. Parity 

1. Parity Disable 110N 11 

13·10 

Logic :Jl. ,3. 6 

Logic SZ. 3. 6 

Logic 2.. 3. 1 

Logic 2.. 3. 1 

Logic SZ. 3. 6 

Logic 52.. 3. 1 
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a. If Unit Status Switch is in 

1) Standby or 
2) Standby MC 

b. "Parity Disable" relay picks 

c. Input parity errors will generate an alarm and the 
message can still be written on drum. 

2. Off - Normal parity operation. 

E. Spare Selector - Channel 6 only 

1. One of eleven sets of relays always energized 
whenever channel is on. 

2. Allows alternate phone line (ckt. 1 or 2 data) 
to be connected to chan. 6 "line" relay. 

3. Switches chan. 6 "Write" level to proper lane. 

4. Connects proper indication light signals. 

F. Spare Selector - Channel 6 only 

1. Correlate each light with Logic S2. 3. 2 

G. Common Indicators 

1. Module D of Unit IA & B 

2. Correlate each light with logic A or B 2. 3. 5. 

H. SUMMARY QUESTIONS 

1. The Unit Status Control Switches for the XTL 
channels are located on the Duplex Maintenance 
Console. (T or F) 

2. Each X TL channel has a Unit Status Control 
Switch. (T or F) 
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Logic S2. 3. 6 
NOTE: Channel 
13 operation 
is the same. 

Logic S2. 3. 1 

Logic S2. 3. 3 

Logic S2. 3. 1 
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3, Data source switch can rnake available to 
a channel 

a. 
b. 
c. 

4. Under what conditions of the following 
switches is the Parity Disable Switch 
Active? 

a. Unit Status 
b. Source Switch 
c. Data Circuit 

5. The spare selector switch is located on all 
channel control panels, (T or F) 
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VII. TEST PATTERN GENERATOR - LRI 

A. The LRI Test Pattern Generator is discussed 
first. The few differences between the XTL 
and LRI TPG are noted, in a following section. 

1. Introduction to TPG 

a. Purpose 

1) Provide test facilities for inputs. 

a) LRI 
b) Crosstell 
c) GFI 

2) Provide line matching when loop 
testing outputs to Crosstell or LRI. 

b, Equipment Involved 
I . 

1) Unit 92 

a) Module.A - Crosstell 
b) Module B - GFI 
c) Module C - LRI 
d) Control Panels 

2) Unit 47 (Simplex Maint. Console) 

a) Crosstell Control Panel 
b) LRI Control Panel 
c) GFI Control Panel 

2. Special circuits (Stress inputs and outputs only) 

a. Digital Line Driver 

1) Characteristics 

a) Audio power amplifier 
b) Input impedance 600 ohms 
c) Load impedance l~ ohms 
d) Power output - ap'prox. 30 m watts 
e) Input voltage - sine wave 2V p-p 
f) Output voltage - sine wave 2V p-p 
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2) Utility 

a) Provides a match between MA output 
and.channel equipment. 

3) Operation 

a) Standard cathode follower action 
b) Either half can handle load. 

b. Circuit Analysis 

1) Digital Line Driver 

a) The digital line driver (DLD) is a nonlogic;: 
block symbol for the DLD is shown on 
page In Input System logic, the 
DLD is employed to drive a test bus with 
either continjlous sine waves (timing signals) 
or gated sine wave cycles (information 
bits). 

b) Principles of Operation 

Table I Page lists the associated detail 
parts and their functions. The circuit consists 
of a cathode follower and associated input 
and output impedance-matching transformers. 

The input signal, which is either a continuous 
sine wave or a gated sine wave signal, is 
coupled by input transformer T 1 to the grids 
of the cathode follower. The signal power 
is amplified by the cathode follower and is 
developed across the primary of output 
transformer TZ. This transformer provides 
a 16-ohm impedance in order to match the 
DLD output to the impedance of the test bus. 
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Digital Line Driver, Logic Block 
Symbol 

GATED CONTINUOUS 

INPUT ~NP~T (\ 

-1\i_~~ ~:_v V \J ~L 
INPUT FllOM ~11 
MATCHING AMPl.IFI~ 

HI 
IOOK 

VIA,VIB 
CArHOOE 

FOLLOWER 

..-·1 ~ov 

1370 

GATED CONTINUOUS 
OUTPUT i_ OUTPUT 

T2 :_J\"=-_-·-2V(\ (\ {\ 
79,1 - \L _v v v 

NOT._E_s_:----41-----------...... llC----~~ B~TPUT TO 

I SERVICE VOLTAGE IS DECOUPLED 
AT PLUGGABLE UNIT 

2 PARASITIC SUPPRESSORS HAS 
BEEN OMITTED 

Digital Line Driver, Schematic Diagram 

TUNING FORK OSCILLATORS, 
MODEL-DISTINGUISHING CHARACTERISTICS 

LOGIC BLOCK 
fAODEL SYMBOL CHARACTERISTICS 

-~----------------~ 

c ~ Generates sine wave at 
a frequency of 1,300 
cps or 1600 cps, de-

• pending on tuning 
fork used. 
Amplitude: UV peak 
to peak. 

+250V 

Cl 
~0.047 UF 

R2 
1.6MEG 

RI 
IOOK VI 

I 

DRIVE COIL 
WAVEFORM 
3V PIP 

I TUNING FORK 
PICKUP COIL 
OUTPUT Q4-
0.5 V PIP 

AMPLIFIER 
OUTPUT 
7-ev PIP 

TRIODE AMPLIFIERS 

TUNING FORK 
1.3KC 

.QP 

+250V 

V2 

R3 
ISOK 

C2 
0.01 UF 

RS 
IMEG 

Tuning forlc Oscillator, Model I, Schematic Diagram 
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TABLE I 

DltliTAL LINE DRIVER, FUNCTION 
OF DETAIL PARTS 

REFERENCE 
SYMBOL 

Rl 

RZ 

Tl 

TZ 

Vl 

FUNCTION 

Shunts secondary of Tl 

Cathode resistor for V 1 

Input transformer which 
provides 600-ohm input 
impedance. 

Output transformer which 
provides 16-ohm output 
impedance. 

Dual Triode connected in 
parallel as cathode follower. 

3. Tuning Fork Oscillator 

a. Definition and Description 

A tuning fork oscillator (TFO) is a nonlogic 
circuit which generates continuous sine waves. 

b. Characteristics 

1) Sine wave output 
Z) Frequency of 1300 or 1600 J 

0. 91% dependent on tuning 
fork used. 

3) Output voltage approx. 7 to SV 
p-p. 

c. Utility 

1) Provides timing source for ·pattern 
generator operation. 

d. Principles of Operation 

The model cTFO, will be discussed as a 
typical TFO circuit in the following discussion. 
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The cTFO produces a continuous 
1300-cps sine wave whose period is 
extremely stable and accurate. The 
output from the tuning fork is a 0. 5V 
peak-to-peak sine wave which is 
applied to the grid of VZ. This signal 
is amplified and fed to V 1. The output 
signal from V 1 is a positive 3V feedback 
of proper phase and magnitude to maintain 
oscillation of the tuning fork. 

TUNING FORK OSCILLATOR MODEL C, 
FUNCTION OF DETAIL PARTS 

REFERENCE 
SYMBOL 

Rl 

RZ 

R3 

R4 

RS 

Cl 

CZ 

FUNCTION 

V 1 grid return 

Plate load resistor for V 1 

VZ plate load resistor 

VZ cathode resistor 

Part of feedback network 
(with CZ) 

Bypass capacitor 

Part of feedback network 
(with RS) 

NOTE: Theory of operation is the same Model 
A & B Tuning Fork Oscillator. 

4. Data Conversion Receivers, Models A, B, C, D 

a. Definition and Description 

The data conversion receivers (DCR) are 
logic circuits which convert sinusoidal 
input signals into signals suitable for 
processing within the Input and Output 
Systems. Refer to Page 
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Refer to Pages l4ZO, l440-14Q0.0nly the 
model ADCR is described in detail. 
Models B, C and Dare shown schematically1 · 
accompanied by tables listing the detail 
parts and their functions. 

b. Principles hf Operation 

Page 14ZO is the.schematic diagram 
for the AJJ~R. Table 3-3Z lists the 
associated detail parts and their functions. 
T.he ADCR employs three double triodes 
to convert a ZV sine wave into a narrow, 
negative SOV pulse. Transformer T 1 
amplifies the input signal by S and is 
connected to produce an in-phase signal 
across Rl. Capacitor Cl and resistor 
RZ form the first phase shifting network. 
The network at the grid of V 1 leads the T 1 
output signal by 48 degrees (see waveform 
3, fig. 3-57). The unbypassed cathode 
resistor R4 of V 1 minimizes distortion by 
providing degenerative feedback. Plate 
load resistor R3 is shunted by CZ to bypass 
high frequency noise generated in the telephone 
Hnes feeding the ADCR. The input to Vl is 
amplified by 3 and coupled to VZ by the second 
phase shifting circuits consisting of C3 and RS. 
The signal at the grid of VZ leads the V 1 plate 
signal by 48 degrees. Cathode resistor R 7 of 
VZ being larger than R4 introduces a larger 
feedback signal and reduces the gain of VZ to 
Z. 6. The negative bias of -15V on the cathode 
enables VZ to function as a class A amplifier. 
The 85V output signal of VZ is coupled to V3 by 
cs. . 

Tube V3 is a diode-connected triode. The clipping 
circuit connected to the cathode of V3 provides a 
square wave input to V4 and operates as follows. 
The voltage at the junction of R 10 and R 11 is - 7V. 
At the junctions of Rl4 and Rl5, the voltage is 
/.SV. The difference in potential at these _points 
produces a· current through R9, CRZ, and R lZ. 
The resultant voltage at the anode of CRZ is 
approximately OV. 

1400 
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1uring the negative half cycles of 
signals developed by V2, clipper V3 

3 cut off and OV present at the anode 
~f CR3 is applied to V4. Clipper V3 
~onducts during the positive half cycle 
of signals developed by V2. The cathode 
of V3 follows the plate (see waveform 
8, fig. 3-S7). A 40V forward bias 
auses CR3 to conduct, dropping 3SV 
cross CR3 and Rl3. Voltage divider 
.ction of the back resistance of CR2 and 
112 set the anode of CR2 at l7V. 'Thus, 
he grid of V4 is fed by a square wave 
varying between 0 and l7V at 1, 300 cps. 

Because of the unbypassed cathode 
resistor, amplifier V4 conducts throughout 
the entire input cycle. With the application 
of the 0 to nv input signal on the grid, 
the resultant output is a square wave 
of 3SV peak to peak which is coupled by 
capacitor C8 to the grid of V5. 

Tube VS, a class C amplifier, amplifies 
the square wave output of V4, resulting 
in a square wave at the plate of VS (f82V 
to f!SOV) which is then differentiated 
by the network consisting of capacitor C9 
and resistor R20. The result is a series 
of negative and positive pulses appearing 
at the grid of V6. The amplitude of the 
spikes is 4SV. 

Tube V6 is the final stage of the ADCR. 
This tube operates as a class AB 
amplifier. The positive and negative 
spikes from VS are applied to the grid 
of V6. The tube conducts during the 
positive spikes and is cut off during 
the greater portion of the negative 
spikes. The resultant output of V6 
consists of sharp negative-going pulses 
from slightly under f!SOV. These small 
positive pulses result from the fact that 
the tube is self-biased and these pulses 
have no deleterious effect on the circuit. 

1410 

Note An analysis 
of models B, C 
&t D DCR would be 
similar. See 
Page 1440sDCR 
Page 14S<X;DCR 
Page 146(J)DCR 

Schematics 



VI 
CLASS A AMPLIFIER 

+250V 

Cl @ 
{!)Tiff®"~- J 

]II Lf ~'. ~ ~i,. 

V4 V5 
CLASS A AMPLIFIER CLASS C AMPLIFIER 

+250V 

-ISV 

ca 
O.OIUF 

® 

Rl8 
220K 

+150V 

V2 
CLASS A AMPLIFIER 

R5 
150K 

® 

+250V 

© 

-ISV 

V6 
CLASS AB AMPLIFIER 

@ 

R20 
27K 

+150V 

® oouTPUT '"'•---

R2:--1CIO 

__l_... . I ...,., "' 

v3 
CLIPPER 

CR2 

Rl2 
56K 

-15V 

CR3 

Rl3 
56K 

I~"' 

+IOV 

C6 
+O.IUF 

Rl5 
4.7K 

Data Convers;on Receiver, Model A, Schematic Diagram 

@ TRANSFOIUlt£• 
Tl INPUT 

@ TRANSFORMER 
Tl OUTPUT 

@YI INPUT 

@vi PLATE 

@vz GRID 

@vz PLATE 

<!)v3 PLATE 

@V3 CATHODE 

@V4 GRID 

@) V4 PLATE 

@vs GRID 

@vs PLATE 

@V6 GRID 

@v6 PLATE 

A ~To convert a 1,300-cps continu­
ous sine ~·,ve into a series of 
negative pulses at 1,300 pps. 
Each pulse occurs, approxi­
mately 90° before the positive- · 
going crossover of the input 
sine wave. 

.... 
,j:>. 
N 
0 



REFERENCE 
SYMBOL 

Rl 

R2 

R3 

R4 

RS 

R6 

R7 

RB 

R9, RlO, Rll 

RlZ, Rl3 

Rl4, RlS 

Rl6 

Rl7 

CROSS TELL 1430 

DATA CONVERSION RECEIVER, MODEL A 
REFERENCE 

FUNCTION 

Shunting resistor 

Part of 48-degree phase 
shifting network (with Cl) 
and V 1 grid return. 

V 1 plate load resisfor 

V 1 cathode resistor 

Part of second 48-degree 
phase shifting network 
(with C3), and VZ grid 
return. 

VZ plate load resistor 

VZ cathode resistor 

Provides zero references 
for V 3 plate voltage (with 
CRl} 

Voltage divider 

Part of clipping network 
(with CRZ and CR3) 

Voltage divider 

V4 plate load resistor 

V4 cathode resistor 

SYMBOL FUNCTION 

Rl8 

Rl9 
RZO 

RZl 

RZZ 

Cl 

CZ 

C3 

C4 

cs 

C6 

C7 

CB 

C9 

ClO 

VS grid leak resistor 

VS plate load resistor 
Part of differentiating 
network (with C9} 

V6 plate load resistor 

V6 cathode resistor 

Part of phase shifting 
network (with RZ) 

Shunting capacitor 

Coupling capacitor and 
part of phase shifting 
network (with RS} 

Shunting capacitor 

Coupling capacitor 

Bypass capacitor 

Bypass capacitor 

Coupling capacitor 

Coupling capacitor and 
part of differentiating 
network (with R20) 

Bypass capacitor 



llFIHNCE 
IYMliOL 

Ill 

R2 

R3 

R4 

RS 

R6.R7 

RI 

-+L\Z3 
r.-ur~ 

l 
+rov 

1440 

DATA CONVRSION RECllVER, MODEL I, FUNCTION OF DDAIL PARTS 

FUNCTION. 

Impedance-matching resistor 

Vl plate load resistor 

VI cathode resistor 

V2 grid current limiting resistor and 
part of RC coupling network 
(with Cl and R5) 

Part of RC coupling network (with 
Cl, R4) 

Voltage divider 

V2 plate load resistor 

REFERENCE 
SYM~L FUNCTION 

R9 Part of RC coupling network (with 
Cz) 

RIO, Rl 1, Rl2 V3 plate load resistors 

CRl Crystal diode; + lOV damp 

CR2 Crystal diode; -30V clamp 

C.t Part of RC coupling network (with 
R4 and R5) 

C2 Part of RC coupling network (with 
R9) 

C3 Bypass capacitor 

Data Conversion Receiver, Model I. ScMmatlc Diaaram 

.VI 
CLASS A 

AMPLIFIER 

ZllOV 

-lllV 

1111 
l.ZK 

R7 
UIC 

V2 
C:LASS C 

AMPLIFIER 

+rov 

C3 

TO.OIUF ---

V3 
AMPLIFIER 

+llOV 

+IOV 

CRI 

-:sov 

B~ 

i-o convert the neganve bait ot 
a. single cycle of a l,.30Q-cps 
1une wave into a positive 
standard level shift of 200 
µsec. ducation. 



Data Conversion Receiver, Model C (Zero Detector}, Scltematic Diagram +250 v 

+250Y 

1300CPS + 
~-=-- APPROX ___ "\:,Z 12Y 

~ 

Cl· 
0022 

UF 

VI 
AMPLIFIER 

INPuro-j( • { 

RI 
220K 

~ 

-15V 

To produce a series of negative 
pulses each coincident with the 
positive-going zero crossover 
of the I,300· or I,600-cps in­
put sine wave. 

R4 
220K 

V2 
AMPLIFIER 

C3 
O.IUF 

-15V 

REFERENCE 
SYMBOL 

Rl 

R2 

R3 
R.(. 

RS 

R6 

R7-Rl4 

RIS 

R16 

Rl7 

Rl8 

R19 

V3 
CLIPPER 

R1.-.. <..a"'­
(.4'-" 0.1 ...... 

+IOV 

V4 
AMPLIFIER 

Rl4 
56K 

C5 
0.1 
UF 

FUNCTION 

VI grid return 

Vl plate load resistor 

VI cathode resistor 

-15V 

Part of RC coupling network (with 
C2) and V2 pd return 

V2 plate load resistor 

VZ cathode resistor 

Part of dipping and clamping net· 
work (with CRl, CR2, and CR3) 

V 4 plate load resistor 

v 4 cathode resistor 

Part of RC coupling network (with 
.C6) and V-S grid return 

Vs plate load resistor 

Pan of RC coupling network (with 
C7) and V6 grid return 

C6 
0.01 
UF 

Rl7 
220K 

REFERENCE 
SYMBOL 

R20 

R2I 

+r~v 

C7 
680 
UUF 

1119 
27K 

ca 
0.001 

UF 

. +150V 

FUNCTION 

V6 plate load resistor 

V6 cathode resistor 

ZV, 

50-70V~+l50V 
OUTPUT 

· V6 
AMPLIFIER 

-cR.1, CR2, CR3 Part of dipping and damping net-
work (with R7-RI4) 

Cl Coupling capacitor 

C2 Part of RC coupling network (with 
R4) 

C3 Coupling capacitor 

C4 Bypass capacitor 

cs Bypass capacitor 

C6 Part of RC coupling network (with ..... 
R17) ~ 

Ul 

C7 Part of RC coupling network (with 
0 

RI9) 

cs Bypass capacitor 
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Datu· Comrersion Receiver, Model D, Schematic Diagram 

____ _j 
'\_j "\ , IOV ----. 

-30V 

REFERENCE 
SYMBOL 

RI 

R2,R3 

R4 

RS 

R6,R7 

RB 

R9 

RIO 

Rll 

R12 

VI 
AMPLfflER 

-100\1 -JO 

V2,V3 
YUL TIVl8AATOR 

RIO 
llK 

·100\I 

V4,V5 
Pl.ll.SE GFNE"RloTOR 

-15V 

20VJ;~-n n 
L_!l 11 

0 I USEC PULSlS 

+150V +90V 

~ 

" ,,----~ 

OUTPUT 

-30V 

DATA CONVERSION RECEIVER, MODEL D, FUNCTION OF DETAii PARTS 

REFERENCE 
FUNCTION SYMBOL FUNCTION 

VI A grid resistor Rl3 Part of clamping circuit in Tl pri-

Voltage divider in VJ plate· circuit 
mary (with CRI, CR2) 

VI cathode resistor 
Rl4 VS cathode resistor 

V 18 grid resistor 
CRI, ~R2 Part of clamping circuit in Tl, pri-

mary 
Part of RC coupling network and V2 

Cl Input coupling capacitor 
grid return (with C2) 

V2 plate load resistor 
C2 Part of RC coupling network (with 

R6, R7) 
Part of RC coupling network (with 

c.~ Bypass capacitor 
C4) and V3 grid return 

C4 Part of RC coupling network (with 
V2, V 3, common cathode resistor R9) 

V .S plate load resistor <:s Part of RC coupli'1g network (with 

i>ar!. of RC c~>upling network (with 
Rl2) 

C:S) and V 4 grid return C:6 Output coupling capacitor 
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5. Matching Amplifier, Model A. 

a. Definition and Description 

The model A matching amplifier (AMA) 
is a nonlogic circuit which perform the 
function of impedance matching. There 
are two types of MA 's. Type 1 is used 
to match the impedance of the all-channel 
driver to a 600-ohm line, and type Z 
matches the logic gate circuits to a 600 
ohm line. Both MA Circuits are identical 
except that type 1 uses a coupling capacitor 
in its input, and, in type Z, the capacitor 
is replaced by a jumper. 

b. .Principles of Operation 

The AMA is a cathode follower type circuit 
which has a 5: 1 stepdown transformer in the 
cathode circuit. As in all cathode follower 
circuits', there is no phase shift between 
the input and output signal. A sinusoidal 
current through the tube, caused 9Y a 
sinusoidal voltage input, produces a sinusoidal 
voltage at the output terminals of transformer 
T 1. The output of this circuit for an input 
signal of 11. SV (peak-to-peak) is approximately 
zv. ~ 

The input signal to the AMA, type 1, is a 
1,300-cps sine wave, ll.5{0.5V peak-to­
peak and the output, sine., wave, ZV peak­
to-peak. Type Z has input and output signals 
of the same frequency and magnitude but 
instead of being continuous they are gated. 

6. Logic Gate 

a. Definition and Description 

The logic gate circuit (LGT) is a logic circuit 
which produces either a 1, 300-cycle sine wave 
or a ground level, depending on its input 
conditions. 

b. Principles of Operation 

The inputs to the LGT a re taken from a flip-flop 
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Motclling Amplffier, Model A, 
logic lloclr Sym&ol 

RI 
llOll 

VIA 
C&­

•llLLOWH 

+llOV 

._,{~-
Tai ~~"'" ~ '1''[ CIUTl'llT llO.IV 

I. au.._, -T-1 Alll Dl-IO 
AT THE 1'1.-LI UlllYI 

TYPll{~IV 
=- ~ 

HO.IV 

t. MRASITIC IUPHH-1 Alll OlllTTID 

-IOV 

Matclting Amplffier, Model A, Sclternatic Diagram 

MATCHING AMPLIFllR, MODIL A, 
FUNCTION OF DDAIL PARTS 

REFERENCE 
SYMBOL 

RI 

R2 

Cl 

cz 
Tl 

FUNCTION 

Grid return for VI 

Bias resistor to assure linear opera-
tion of VI 

Coupling capacitor for type 1 inpu~ 

Bypass capacitor for R2 

Stepdown transformer serving as 
cathode follower load 
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co\1&c wNtr; 
FROM LD 

+IOV-30V 
SET DATA 

DEMAND 
PULSE 

FROM 
FLIP 
FLOP 

CLEAR DEMAND 
PULSE 

-30V+IOV 

logic Gate, logi.c Bloc" SymlJol 

+150V 

--t50V 

REFERENCE 
SYMBOL 

Rl,R2 

R3 

R4 

Cl 

CRI, CR2 

CR3,CR4 

CR5,CR6 

R3 
IOOK 

CRI 
t 150V 

a INPUT 

CR2 
0\1 /\ /\ 

\T\L 
(SET) a INPUT 

+10JL 

-llO 

(CLEAR) CF INPUT 

·30V 
+tol_I 

-30- . 

OUTPUT 

CR3 CR5 0 
/\-
-\/ 

CR& 

CR4 

R4 
330K 

Cl 

ll500UUF 

-t50V 

logic Gate, Schematic Dia9ram 

LOGIC GATE, FUNCTION OF 
DETAIL PARTS 

FUNCTION 

Form split cathode load for cathode 
follower 

Load resistor for AND circuit. 

Load resistor for OR circuit 

Compensating capacitor 

Standard AND circuit 

Clamps OR circuit input at -30V 

Standard OR circuit 

t 
11.5V 

* 

1490 
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which is controlled by data pulses from the 
output storage section and timing pulses 
from the output control element. , A 1, 300-
cycle sine wave timing signal is also supplied 
from the logic driver. Standard AND and OR 
circuits are usFd for logi.cal gating. The logic 
driver supplies current to the AND circuit when 
the other AND input is up at I lOV. The output 
from the AND circuit is -30V when the input 
from the flip-flop is - 30V and an 11. 8V peak­
to-peak sine wave when the input from the flip .. 
flop is at I lOV. 

To remove the sine wave representing sync or 
data information from the 30V pedestal, the 
AND circuit output is fed to its associated OR 
circuit which also rec~ives a ground or -30V 
level input from the OR driver cathode followe;r. 
The cathode follower uses a split cathode load 
resistance in its cathode in order to obtain an 
output of either ground or -30V .. When the 
output of the AND circuit is at -30V, the cath9de 
follower output is at ground potential. Consequently, 
the OR circuit output is at ground when no data or 
sync signals are present. When data or sync signals 
are present, the OR circuit output consists of l lV 
peak-to-peak gated sine waves at ground reference 
level. 

1) Logic Breakdown 

- --
1 LGT 

- -- - -
I 

..... LGT ~ ...... "" 
4 • 
1 0 

,_ - -
- _J 

FF 1 
FF 

0 

Z) Operation 

a) AND Inputs 

( 1) Standard level from FF 

1500 
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(2) 1300 or 1600 cps sine wave 
llV p-p. 

b) OR Outputs 

(1) FF cleared - 0 volts output­
clamped. 

(2) FF set - sine wave output 

7. Diode-Capacitor Gates, Models A and B 

a. Definition and Description 

A diode-capacitor gate (DCG) is a logic circuit 
which passes a ~i6nal when conditioned by a 
level. The difference between the models are 
accounted for by the changes in detail components 
in the circuits and by the different type of 
signals received and transmitted by each model. 

b. Principles of Operation 

First consider the model ADCG. The circuit 
consists of a diode, a choke, a capacitor, and a 
resistor. The PULSE IN terminal is returned, 
in the feeding circuit, to -30V. With DC IN at 
t lOV, the anode of diode CR 1 is biased 40V 
negative with respect to the cathode. A standard 
pulse (40V maximum) cannot pass through CR 1. 
With DC IN at -30V, the anode and cathode of CRl 
are at the same potential. A standard pulse 
applied to PULSE IN develops a 40V pulse across 
L 1 and R 1 and is coupled to PULSE OUT by C 1. 

Now consider the model BDCG. This circuit consists 
of a diode, a capacitor, a voltage divider, and a BIT 
SELECTION switch. A 1 pulse (approximately t30V) 
is applied to the anode of CR 1 through PULSE' IN. 
The voltage divider biases CR 1, the bias potential 
depending on the position of Sl in the DC IN. 

When Sl is in the OFF position, 190 V 
is applied across the voltage divider and a resulting 
t76 is applied to the cathode of CRl. The ~30V 1. 
pulse on the anode of CR 1 makes the anode negative 
with respect to the cathode, and as a result, this 
pulse is prevented from passing through. When Sl 
is in the ON position, a t lOV potential is applied 
across the voltage divider, resulting in a bias of 
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f8. 5V on the cathode of CRl. .The ~30V one 
pulse on the anode is now sufficient to overcome 
this bias and, as a result, is coupled to PULSE 
OUT by capacitor Cl. 

1520 

Diode Capacitor Ciate, . Mod.els A 
And B, Logic Block Symbols 

Diode Capacitor Ciates, Model A and B, 
Schematic Diagrams 

~A DCCii---• 

0 

CRI Cl 
Z 0. 001 UF 

0----+-...-..---+-t ( 0 
Pulse In 

Rx 

* 

-30V 

Pulse Out 

Ll 
lZOUH 

Rl 
4. 7K 

D-C IN 
l!OV or -30V 

*Note: Rx Represents the D-C return of 
the circuit feeding the ADCCi 

ON RZ D-C IN 
novu----IJ,._ 

0 

OFF Cl CRl 
z 0. OOZUF 

0------11---..,._-t f-o 
Pulse In Pulse Out 

R3 
820K (B) 

c. Sample.Input and Output signals of Model 8 DCCi 

1) "Sample Pulse" is a 28 volt tape core Output 
(sawtooth) 

2) A "1 11 input fr9m cCS 

-r-~ 28V I 

j I 

-I~ 

3) A 11 1 11 cn,itput from aDCCi when conditioned. 
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~ ltv I 
I 

I 
1 • I 

! 0. 7 us.:,. 8 us.-..! 

4) A "0" input from cCs. 

2V I · ~ Sus.4~ 
5) A "0" output from B DCG when not conditioned. 

constant output 

d. Utility 

Couple output of cores in CSR for LRI & XTELL sections 
of TPG to test bus - one at a time. 

8. Core Prime, Models A, B, C, and D 

a. Definition and Description 

1530 

A core prime (CP) is a nonlogic power-amplifying 
circuit which provides a high-current output 

Page 1540 

pulse utilized to set a core shift to the 1 state. 

b, Principles of Operation 

The electronic operation of the models is identical 
therefore, ohly the model A is described in detail. 
The circuit consists of a cathode follower and 
associated components. 

With no input signal, a negative voltage of 
approximately 22V (grid to cathode) maintains 
the tube at cutoff. This voltage is obtained by 
connecting the grid circuit to a voltage divider 
which is connected to the - 30 and -1 SOV supplies 
and by connecting the cathode circuit to the - lSV 
supply. The voltage divider is placed at a-c 
ground potential by a capacitor which is located 
at the junction of the two resistors comprising 
the divider. 

When a - 30V level is applied to the input of the 
CP, the tube remains at cutoff; when the pulse 
levef rises to J lOV, plate current flows. The 
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+150Y 

Core Prime, Model A, 
Scltematlc Dla9ram 

R2 
1011 

INPuro---,.-----,Jv·v------r 

C2 
0.011 Uf 

ci 
0.01 
Ufr-_..__...., 

CAI 

R4 
201C 

-lOV -150V 

CORE PRIME 
MODEL-DISllNGUISHING CHARAaERISTICS 

LOGIC 
BLOCK 

MODEL SYMBOL CHARACTERISTICS 

A ___, · ACP FDrives a model A, 8, or (: core 
• shift with standard level input 

pulse .. 

8 ~Drives a model C core shift with 
either a scandard pulse input 
or with a I output from 11 core 
bit. 

C --§-+Drives one or two model C core 
shifts connected in parallel 

_L upon applicatiQQ of an input 
pulse that cunsists uf a I our­li · put from a core bir. 

D +90~Drives a mudel C core shifl with 
11n ourput current which is 
generated wilhin the circuit by 
rhe di!M:harge of a capacitor 
rhrough 1 choke, re£i)tor, and. 
core ioput winding in serie1;, 
The depression uf a pu1;hbur-
1on permilli 1his tu occur. 

.CORE 
LOAD 
100 OR 

150 
tuRNS 

-15V 

CORI PRIME, MODEL A, 
fUNalON Of DDAIL PARTS 

REFERENCE 
SYMBOL 

RI 

R2 

R3 

R4,RS 

R6 

Cl 

C2 

CRI 

FUNCTION 

Plate current-limiting resisror 

Grid-limiling resistor 

Grid return resistor 

Form voltage divider which deter· 
mina grid bias 

Prevents CP from conducting due to 
transformer action when the core 
shift driver is pulsed 

Input coupling capacitor 

Places juncrion of voh11ge divider R4 
and RS at a-c ground potential 

Crystal diode which serves to prevent 
d-c restoration acrion at input 



Output 

Standard 
Pulse 

• 
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plate cµrrent, returning to the cathode through 
the input or prime winding of the core load, 
switches the core to the 1 state. When the input 
pulse level reaches ~ lOV, the grid becomes 
positive, causing grid current to flow, causing 
the coupling capacitor in the input circuit to 
charge. This tends to build up the bias producing 
a d-c restoration a,ction. However, this condition 
is prevented by the action of crystal diode CR 1 in 
discharging the coupling capacitor rapidly. 

c. Model B 

1) Utility 

a) Prime a core in pattern generator 
with either 

(1) Standard Pulse 
(Z) Core Shift Output 

Z) Schematic 

.o 1 
~. 

d. Model C 

Utility 

Primes a core in pattern generator 
with a core shift output. 

Schematic 

1550 

Jl50V. 

zzo.n. 

47 A. 

OUTPUT 
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~ 150 

e. Model D 

Utility 

Primes a core in pattern generator 
by operator manually closing switch. 

Schematic 

SMH lSK 

~·~--I-----oo 
~90V 

l MEG. I.002 
~~ ufd. 

9. Co re Shifts 

a. Definition· and Description 

-... 

A core shift (CS) is a logic circuit which 
possesses tow stable states of maiJnetizatiQn 
and is used as a storage device. 

There are 15 models of CS's utilized in AN/ 
FSQ-7 and -8 equipments. The most 
signific-.nt differences between each model 
are in the number of windings used and the 
number of turns in each winding. The baeic 
CS contains three windings; an add-in (or 
read-in) winding, a readout winding, and a 

Output 

1560 
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drive winding. All other CS's contain a fourth 
winding, the reset winding. In addition, several 
models contain a fifth winding, either inhibit or 
feedback, depending on its application in a 
circuit. Basically, the principles of operation 
for all CS's are identical. 

For this reason, only the basic CS is described 
in detail below. 

b. Principles of Operation 

The core shift consists of three windings: 
an add-in (or read-in) winding, a readout 
win dng, a drive winding, and associated 
components. 

The magnetization state ( 1 or O) of the core 
is varied by the application of current pulses 
applied to its add-in and drive windings. The 
magnetizing process follows the hysteresis 
loop. Assume that the core is initially at 
flux point A (O state). The application of a 
positive current pulse to the add-in winding 
changes the flux state of the core to the point 
represented by C. When the current returns to 
0, the flux value decreases to the point represented 
by B ( 1 state). A negative -current phlse applied 
to the drive winding will then change the flux 
state of the core to the point represented by D. 
When this current returns to 0, the flux value 
returns to point A and th.e core is once again at 
the 0 state. The flux value remains at point 
A until the application of a second positive pulse. 

The application of a pulse to the drive winding 
will_ always cause the core to store a 0 regardless 
of its previous state. If the core had been 
storing a 1, applying a pulse to the drive winding 
causes a reversal in the direction of core 
magnetization. As a result, the core is cleared 
and returns to the 0 state. If the core had been 
storing a 0, the application of a pulse to the drive 
winding has no effect on the magnetization and 
the induced output voltage is negligible. 

The readout circuit of a CS makes possible the 
transfer of a 1 from one core to another. As 
described previously, when a CS is magnetized 
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in the 1 state, the application of a negative-current 
pulse to the drive winding causes a reversal in the 
magnetization of the core·. This induces a voltage 
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Note: 
across the readout winding which charges capacitor 
Cl through diode .CR 1. Diode CR 1 prevents the 
capacit1or from discharging through its charging 
path. Inductor Ll, because of its high impedance, 
prevents the initial surge of the Cl charging current 

Outputs of Core 
Shift. 

from flowing through the parallel path which includes 
the read-in winding of the next CS and resistor Rl. 
The value of R 1 determines the discharge time of 
Cl. This resistance is sufficiently high to enable 
Cl to retain a considerable charge after the decay of 
the drive pulse. At the end of the drive pulse, Cl 
discharges completely through Ll, Rl, and the read­
in winding of the next core. The discharge current 
writes a 1 into this core. This transfer of a 1 occurs 
whenever a drive pulse is applied to the drive windings 
of a core storing a 1. Thus, a stored 1 can be shifted 

1 Output 

through a register by applying as many drive (shift) 0 output-same as 1 
pulses as there are CS's in the register. except peak voltage 

is 3. 5 volts. 
10. The LRI TPG 

a. General 

This section presents the theory of operation 
of the LRI TPG. The outputs of the equipment 
are described in detail. Modes of operation 
are discussed next. The theory of operation 
of the equipment is then considered on a 
section diagram level, and the remaining 
portion presents a detailed theory of operation 
of the equipment on the logic diagram level. 

b. Signal Composition 

The LRI TPG produces signals simulating 
telephone line inputs to the LRI element. These 
signals are of three types - timing, sync, and 
dat!l-fed out of the LRI TPG on three separate 
lines. 
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The timing signal is a 1, 300 cps ZV peak­
to-peak sine wave signal. The sync and 
data signals are individual ZV'peak-to·~ 
peak sine waves produced in synchronism 
with the timing signal and, becatise of 
their digital character, are referred to 
as bits. The timing signal is continuously 
produced. A sy_nc bit initiates a message 
and is regarded as the first bit in it. 
Thirty-one to 63 data bits (combinations 
of 1 1 s and 0 's) follow the sync bit. When 
only a single message is generated, another 
sync bit called the terminal sync bit ends 
the message. The terminal sync bit is not 
regarded as part of the message in computing 
message length. The t9tal length of a message 
is therefore variable from 3Z to 64 bits (sync 
bit plus 31 to 63 data bits). In practice, 
however, SZ-bit test messages are generally 
used since this is the length of valid LRl 

one line messages. · 

The LRI TPG may be operated in three modes: 
mode I, feedback loop, and mode II, deter­
mined by the position of the TEST swit h 
(simplex maintenance console). 

1) Mode I Operation "" 

In mode I operation, the LRI TPG 
is manually controlled in all respects. 
Message generation 1s initiated by the 
START pushbutton. Message composition 
is determined by the BIT SELECTION 
switches (simplex maintenance console) 
and by the MESSAGE LENGTH switch. 

1600 

NOTE: For 
XTL message, 
the Znd sync 
bit put out by 
the TPG 
indicates 
start of Znd 
message but 
the lack of 
data which 
follows causes 
the message to 
be rejected i. e. 
address bits : 
00000. 

NOTE: For 
LRI a sync 
bit is needed 
at the end of 
the message 
to be accepted. 
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When the SINGLE MESSAGE-CONTINUOUS 
MESSAGE switch is in the SINGLE 
MESSAGE position, each depression 
of the ST ART pushbutton initiates a 
single message. When the switch is 
in the CONTINUOUS MESSAGE position, 
depressing the START pushbutton causes 
the message to be repeated without 
inte,t'ruption until the STOP pushbutton 
is depressed. • 

2) Mode II Operation ~ - ;b.. • 
Mode II operation is different~ 
into two types selected by command 
pulses from the Central Computer. 
Type I operation is initiated by a~ER 

_z4 command pulse, This pulse "' 
prepares the TPG for message generation; 
the message itself is then composed 
by PER 65 and PER 66 command pulses 
from the computer. Thus, type I operation 
is characterized by complete computer 
control over the TPG message. The 
transistion from type 1 to type Z operation 
is accomplished by a PER 63 command 
pulse from the Central Computer. This 
pulse initiates a message the composition 
of which is established by the BIT SELECTION 
switches. Each PER 63 pulse initiates a 
single message. 

The Central Computer can cause resumption 
of type 1 operation at any time by means 
of a PER 24 pulse. 
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In this mode, telepho~e line messages 
developed by the G/ A· section of the 
Output System are looped back through 
the LRI TPG to the LRI element. The 
TPG serves only as an impedance­
matching and switching device. 

11. Theory of Operation on the Secticm Diagram Level 

a. General 

For purposes of discussion, the LRI Page 
TPG is regarded as consisting of the 
following functional ~ections. 

l) Tuning fork· oscillator (T FO) and pulse 
generator 

Z) Output signal generator 
3) Mode switching 
4) Output signal amplifier 
5) Message Control 
6) Message data register 
7) Message length :.egister 
8) Sync and data gating 
9) Duplex switching 

10) Mode-type switching 
11) Input sychronizat~on 

The overall ope+ation of the TPG can be 
analyzed as two primary functions: signal 
generation and signal control. Signal 
control, broadly used, applies to message 
initiation, COif.l.position, and termination; 
signal generation refers to .. supplying the 
basic signals for the message and preparing 
the latter for transfer to the using element. 
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Of the sections listed above, the TFO and 
pulse generat.or, output signal generator, 
and output signal amplifier are princiJ>'Llly 
responsible for signal generation. Mode 
switching participates in both signal gener­
ation and control. The remaining s~ctions 
perform the signal control functions. 

b. Signal Generation Function 

1) TFO and Pulse Generator 

The TFO and pulse generator produce 
a 1, 300-cps sine wave signal which is 
the master signal of the TPG. From· 
this signal are derived two standard 
timing pulses, DCR (-12) and DCR 02. 5), 
and 2. 5-usec shift pulses. This 1, 300-
cps signal is fed directly to the output 
signal generator section; the standard 
timing pulses are utilized as required 
in various other parts of the TPG; and 
the shift pulses are used in core-shift 
operations in the message control, 
message data register, and message 
length register sections. 

Z) Output Signal Generator 

The output signal generator develops 
the bits that comprise the TPG mes sage. 
The signal control function. discussed 
below culminates in the conditioning of 
two logic gates (LGT) in the output 
signal generator. One LGT gat~ s the 
message data bits. The signal control 
operation, by determing the conditioned­
deconditioned state of these circuits, 
establishes the sequence of bits which 
compose the messil.ge. 
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The output signal generator also amplifies 
the l, 300-cps basic signal produced in the 
TFO and pulse generator section. This 
frequency and the amplified outputs of the 
LGT's referred to above are available to 
the mode-switching circuits. 

3) Mode Switching 

The mode-switching section consists of 
three relays and the TEST switch. The 
position of ~he TEST switch determines 
which relays are energized. The relays, 
in turn, select the source of the signals 
which become the output of the TPG. In 
both mode I and mode II operation, mode 
switching connects the output signal 
generator section to the output signal 
amplifiers; the outputs of the ~PG are 
internally generated. In feedback loop 
operation, ~ode switching connects the 
G/ A section of the Output System to the 
output signal amplifiers. 

In addition to its primary, or signal 
switching, function, mode switching also 
makes other connections appropriate to 
the mode of operation. In mode I opera­
tion, it supplies the message control 
section with t 1 OV which is used in 
continuous message generation. In mode 
II operation, it supplies a relay-energizing 
voltage to the mode -type switching section 
and admits PER 63 pulses to the PER 63 
synchronizing section. 

4) Output Signal Amplifiers 

The output signal amplifiers furnish power 
amplification and impedance matching for 
the signals fed from the mode-switching 
relays to the three (timing, sync, and 
data) output buses. 
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c. Signal Control Function 

Sections other than those discussed above 
operate to perform the signal cont~ol 
function. In all types of operation except 
mode II type 1, the message control section, 
message data register,: message length 
register, and the sync and data gating 
section are utilized in signal control. In 
mode II type 2, the PER 63 synchronizing 
section is added to this group. In mode II 
type 1 operation, on the other hand, none 
of these sections influence signal control; 
that function is exercised by command 
pulses from the Central Computer Operating 
through the mode-type switching section. 

Since the operation of the signal control 
sections and the relationships between them 
depend on the mode and mode-type in use, 
this is the basis on which the following 
discussion is organized. 

1) Mode 1 Single Message Signal Control 

In mode I single message operation, 
depressing the START pushbutton 
produces a message-initiation pulse 
in the message control section. This 
pulse is processed in this section into 
an initial sync pulse, synchronized with 
a DCR( IZ. 5) pulse in the sync and data 
section, atid fed to the output signal 
generator circuit where it gates the 
initial sync bit of the message. 

The initial sync pulse is also sent to 
the message data register where it 
acts as a circulating bit. Driven through 
the register by shift pulses, it generates 
a sequence of data pulses, the pattern 
of which is determined 'by the setting of 
the ~IT SELECTION switches. Upon 
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leaving the message data register, the 
data pulses follow a path paralleling 
that of the sync pulse; they are synchronized 
in the sync and data gating section with 
DCR ( /.2. 5) pulses and then fed tO the output 
signal generator where they gate the data 
bits of the output message. In the course 
of its passage through the message data 
register, the circulating bit is also fed 
into the message length register. Driven 
through the register by core-shift pulses, 
the bit reaches a gate conditioned by the 
MESSAGE LENGTH switch, passes this 
gate, and is returned to the message 
control section where it is processed into 
a terminal sync pulse. This pulse, like the 
initial sync pulse, is synchronized with DCR 
(2. 5) in the sync and data gating circuit and 
fed to the output signal generator ,where it 
gates the terminal sync bit of the message. 
The terminal sync pulse also restores the 
message control section to its original, or 
neutral, condition, preparing it for the 
initiation of a subsequent message. 

2) Mode I Continuous Message Signal ControL 

Mode I continuous message generation is 
initiated by depressing the START push-
button. The initial sync pulse is processed 
as in single -message operation, circulates 
through the message data register, generating 
data pulses, and through the message length 
register, producing a terminal sync pulse. 
However, in continuous message generation, 
the condition of the message control section 
is such that the terminal sync pulse also 
performs the function of an initial sync pulse, 
initiating another message without interruption. 

3) Mode II Type I Signal Control 

Mode II type I operation is initiated by a PER 24 
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command pulse from the Central 
Computer. This pulse prepares the 
mode-type switching circuit to transfer 
PER 65 and PER 66 pulses from the 
Central Computer to the output signal 
generator section. In this section, 
each PER 65 pulse gates a sync bit, 
performing the function of the sync -
gating pulse in mode 1 operation. Each 
PER 66 pulse gates a 4ata bit, performing 
the function of the data- r,;ating pulse in 
mode I operation. Together, the PER 
65 and PER 66 pulses compose the TPG 
message. 

The command pulses from the Central 
Computer are fed to the mode -type 
switching circuit through duplex switching. 
This circuit always co~nects the standby 
Central Computer, A or B, to the TPG. 
Thus, signal control is exercised by 
command pulses from the standby computer 
only. 

The message control section, message 
data register, message length register, 
sync and data gating section, and the PER 
63 sync section are not involved in mode 
II type 1 operation. Essentially, the 
function of these circuits is performed by 
the computer program. 

4) Mode II Type Z Signal Control 

Mode II type Z operation is initiated by a 
PER 6~ pulse fed from the standby computer 
through duplex switching. This pulse is 
synchronized with TPG timing in the PE1' 
63 sync circuit, then fed to the message 
control section, where it is processed in 
the same way, and with the same effect, 
as the message-initiation pulse in mode I 
single message operation. Each PER 63 
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pulse initiates a message the composition. 
of which is determined by the setting of the 
BIT SELECTION switches. The PER 63 
pulse is also supplied to the mode -type 
switching section which then cuts off PER 
65 and PER 66 pulses from the Central 
Computer. However, PER 24 pulses 
continue to be admitted, and such a pulse 
if supplied by the Central Computer, will 
cause resumption of mode II type 1 operation. 

1690 

12. 2. 5 TFO and Pulse Generator Fig. C 

The TFO and pulse generator section consists 
essentially of a tuning fork oscillator ( TFO 1), 
a data conv~rsion receiver (DCR 1), a single-
shot multi-vibrator (SS 1), a pulse generator 
(PG 1), a 2. 5-usec delay circuit (DL 1), and a 
flip-flop (FF 1). The function of this section is 
twofold. It generates a 1, 300-cps signal which 
forms the output timing signal and the individual 
sync and data bits of the message. It also provides 
the timed pulses which other subsections and 
circuits requiTe. Specifically, it produces: 

a. 1, 300-cps sine wave signal. 
b. DCR (-12) pulse: standard (0.1 usec) timing 

pulses occurring 12 usec before the zero 
crossing of each positive-going 1, 300-cps 
sign wave 

c. DCR (/2. 5) pulse: standard pulses occurring 
2. 5 usec after the zero crossing of each 
positive-going 1, 300-cps sine wave. 

d. Shift p~lses: pulses 2. 5 usec long, beginning 
at DCR ( 0), used to cause readout of the 
contents of tape cores. 

Operation is as follows. Tuning fork oscillator 1 
generates a 1, 300-cps sine wave signal which is 
fed to the output signal generator section and to 
DCR 1. The latter converts the 1, 300-cps sinusoidal 
input to DCR (-12) pulses. These pulses are fed 
to the output signal generator, to the input synchronizing 
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circuit in the control section, and to SS 1. 
On its fall, SS 1 triggers PG 1, providing 
the 12-usec delay which converts the DCR 
(-12) pulses to DCR (0) pulses. The DCR 
(0) pulses set FF 1 and are also applied to 
the 2. 5 usec delay line. The output of the 
delay line, a DCR (12. 5) pulse, clears FFl. 
Thus, FF 1 is made to produce a pulse 2. 5 
usec. long, qeginning at DCR (0). These 
pulses are used as shift pulses in the message 
data registers, the message length register; 
and the message control section. The output 
of the delay line is also fed to the sync and 
data gating circuit and to the input synchro­
nizing circuit. 

13. Output Signal Generator 

The output signal generator consists of two 
OR's, two flip-flops, a logic driver (LDl), 
two logic gates (LGT1 s 1 and 2), and three 
matching amplifiers (MA's 1, 2, and 3). 
The section provides timing, sync, and data 
signals to the mode-switching relays. The 
timing signal is the 1, 300-cps signal from 
the TFO and pulse generator (2. 5), power­
amplified by MA 1. The sync and data signal 
are each produced by circuits consisting of 
an OR, a flip-flop, a logic gate, and a 
matching amplifier. 

The sync signal is produced as follows. In 
mode I and mode II type 2 operation, OR 2 
receives sync gating pulses from the sync 
and data gating circuit. In mode II type 1 
operation, it receives PER 65 pulses from 
mode type switching. Both pulses occur at 
DCR (2. 5) time. Either input sets FF 2. 
The flip-flop is reset by DCR (-12) pulses. 
The set side of FF 2 conditions LGT 2 which 
receives the 1, 300-cps timing signal con­
tinuously. Thus, each time FF 2 is conditioned, 
LGT 2 passes one sine wave of the_ 1, 300-cps 
signal (less the negligible DCR (-12) to DCR 
(12. 5) portion). This sine wave is power­
amplified by MA 3 and passed as the sync bit 
to the mode-switching relays. 
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Data bits a<re generated similarly. The inputs 
to OR 1 are data- gating pulses from the sync 
and datagating circuit or PER 66 pulses from 
mod.e switching. Either input sets FF 1 which 
causes LGT 1 to pass a sine wave of the 1, 300 
cps signal as a data bitl. · 

14. Mode Switching 

Mode switching consists of relays 9ZCD (Kl), 
9ZCD (KZ), 9ZCE (Kl), several spare relays, 
and TEST switch (Sl). When the TEST switch 
is placed in the MODE 1 position, relay­
operating voltage is applied to relay 9ZCD (Kl) 
which transfers the timing sync and data signal 
amplifiers. At the same time, -48V is applied 
through contacts la-ib of unenergized 9ZCE 
(Kl) to the MODE I indicator, and llOV is made 
available through contacts 4a-4b of 9ZCE (Kl) 
to the message control section for use in 
continuous message generation. When the TEST 
switch is placed in the FEED BACK LOOP 
position, relay 9ZCD (KZ) is energized. Timing, 
sync, and data signals from the G/A section 
of the Output System are then transferred to the 
output signal amplifiers. When the TEST switch 
is placed in the mode Z position, -48V is applied 
to the MODE II indicator and relay 9ZCE (Kl) 
is energized. Relay-energizing voltage is then 
applied through cont.a.cJ:s 6a-6c of 9ZCE (Kl) to 
9ZCD (Kl) which; in turn, transfers the timing 
sync and data signals to the output signal ampli­
fiers. At the same time, contacts Sa-Sc of 
9ZCE (Kl) transfer PER 63 pulses from duplex 
switching to the PER 63 synchronizing circuit 
for use in mode II type Z message generation. 
Energizing of 9ZCE (Kl) also opens the circuits 
that caused the MODE 1 indicator to light and 
provides J lOV to the message control section. 
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15. Output Signal Amplifiers 

The output signal amplifer section consists 
of three digital line drivers (DLD). Each 
DLD power-amplifies a signal; DLD 1, the 
timing signal; DLD Z, the data signal; and 
DLD 3, the sync signal. Input to the DLD's 
is from the mode-switching relays. Output 
is to the test buses which go to the input 
switching portion of the LRl element. 
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16. Message Control Section 

a. General 

The message control section functions in 
mode II type 2. operation, but not in mode 
II type 1 operation: 

1) In mode I single message operation, it 
initiates and terminates single Messages. 

2.) In mode I Continuous message operation, 
it initiates and maintains a contin~l flow 
of messages. 

3) In mode II type 2. operation, it stores a 
second synchronized PER 63 pulse occur­
ring in the course of a message, us.ing 
the pulse to initiate another message. 

4) In all types of operation in which it is 
involved, it produces the pulses which, 
after processing in the sync and data 
gating circuit, gate the sync bits of the 
output message. 

To perform these functions, the message 
control section emplOys various cores in 
a sequence of shifting operations which 
provide initial - sync pulses to the message 
data register and to the sync and data gating 
circuit. The shifting operations are 
performed by core shift pulses provided at 
a 1, 300-pps rate by the pulse generator 
section through CSD 1. Details of operation 
depend on whether the LRI TPG is being 
used in mode I single message, mode I 
continuous message, or mode II type 2. 
operation. 

b. Mode I Single Message Operation 

Mode I single message operation is initiated 
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by placing the TEST switch in the MODE I 
position, SINGLE MESSAGE-CONTINUOUS 
MESSAGE switch in the SINGLE MESSAGE 
position, and by depressing the START 
pushbutton SZ. In the SINGLE MESSAGE 
position, Sl applies l90V to core prime(CP)l. 
Depressing SZ establishes a continuity within 
CP 1 which permits a capacitor to discharge 
and prime CS 1. All other cores are in the 
zero state at this time. The core-shift 
pulses now produce the shifting operations 
discussed below. 

The operation may be divided into three 
phases: a message-initiating phase, an 
inhibiting phase, which stores the demand 
for a new message until the old one is con­
cluded, and a message-terminating phase. 

The message-initiating phase consists of 
the first three shift pulses. Shift-pulse 1 
transfers the ~ from CS 1 to CS Z: Shift 
pulse Z transfers the 1 from CS Z to CS 3 
and causes inhibition of CS 6 and self­
inhibition of CS Z. Inhibition of CS 6 has 
no significa'[\ce at this time. CS Z is self­
inhibiting because the priming pulse from 
CP 1 is considerably broader than the. core -
shift pulses. Thus, if shift pulse 1 drives 
the· 1 from CS 1 while it is being primed, 
it is possible that the core would be reprimed 
by the same priming pulse. Shift pulse 
Z would then drive another 1 into CS Z. 
The second 1 would demand a second message 
immediately after the first was initiated, 
causing improper operation of the LRI TGP. 
Self-inhibition of CS Z blocks the second 1, 
if it is formed, thereby preventing the 
premature initiation of successive messages. 
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Shift pulse 3 drives the 1 out ·Of CS 3 with . 
the following results: · 

1) The 1 acti v:ate s a core prime in the 
rtlessage data register initiating the 
message-producing action of that circuit. 

2) The 1 feeds an initial-sync pulse through 
OR 1 to the sync and data gating circuit. 

3) The 1 loads CS 6, inaugurating the second 
phase of the shifting action described 
below. 

Beginning with shift pulse 4, until the process 
is interrupted, CS 6 reads a 1 back into itself 
with every shift pulse and also primes CS 5. 
Shift pulse 5 transfers the 1 from CS 5 as an 
inhibit pulse to CS 3. Subsequent shift pulses 
continue the inhibitory action of CS 5. In this 
way, CS 3 is made to block a second message­
initiating pulse which might enter the circuit 
during the course of a message. This consid­
eration is not significant in the case of mode 
I single message operation, since even the 
longest message lasts only about l /20 of a 
second and it is.; unlikely that the START 
pushbutton will be pressed again in this interval. 
However, in mode II type 2 operation, the circuit 
operates to store a second PER 63 pulse, should 
such a pulse occur during the course of a message 
until the completion of a message. 

The third phase of the shifting process concludes 
the message. For purposes of discussion, assume 
that the LRI message is the maximum length: 63 
bits. Coincidentally with shift pulse 64, a 
terminal sync pulse is supplied by the message 
length register priming CS 1 and CS 7. Shift pulse 
66 drives the 1 from CS 2, causing inhibition of 
CS 6 and breaking the cycling process in this core. 
The 1 is not transferred to CS 3, however, because 
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of the inhibiting pulse applied to CS 3 by CS 5. 
At shift p~lse 67, the final 1 is driven out of 
CS 5. To summarize the effects of the last 
three shift pulses: CS 1 is cleared at shift 
pulse 66; CS 6 is also cleared and inhibited at 
the same time, preve\lting self-loading of this 
core. Shift pulse 67 clears CS 5 which is not 
reloaded because of the priO'r inhibition of CS 
6. Inhibition of CS 3 by CS 5 prevents reloading 
of CS 6. All cores are therefore in the 0 state 
at the end of shift pulse 67, ready for the 
initiation of a new message. 

As mentioned above, the terminal-sync pulse 
also primes CS 7, and shift pulses 65, 66, 
and 67 drive the 1 through CS 7, CS 8, and CS 
9 into OR 1. This delayed terminal- sync pulse 
becomes the terminal sync bit in the LRI TPG 
output, indicating the end of the message. 
Since the initial- sync pulse enters OR 1 at 
shift pulse 3 and the terminal-sync pulse enters 
OR 1 at shift pulse 67, the 63-bit data portion 
of the message is framed by these two pulses. 

c. Mode I Continuous Message Operation 

Mode I continuous-message operation is initiated 
by placing Sl in the CONTINUOUS MESSAGE 
position and employing the other controls as in 
single-message operation. After the START 
pushbutton has been depressed, the message is 
continuously repeated until the STOP pushbutton 
has been depressed. Circuit operation is 
similar to that of single-message operation. The 
differences are described below. 

In the CONTINUOUS MESSAGE position, SI applies 
a steady / lOV priming voltage (made available 
by relay 92CE (Kl) in the mode switching section) 
through STOP switch S3 to CS 4. At the same 
time, the -/-90V is disconnected from CS 1 so that 
depressing the START pushbutton during continuous 
operation has no effect. Each shift pulse causes 
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a 1 to be transferred as an inhibit pulse from 
CS 4 to CS 5, which is thereby prevented from 
inhibiting CS 3. 

Therefore, the terminal-sync pulse, at the 
conclusion of the message, rides through CS 3 
into the message data register, where, serving 
as an initial-sync pulse, it causes the message 
to be repeated immediately. 

Depressing the STOP pushbutton removes the 
lOV prime from CS 4. CS 5 is therefore no 
longer inhibited and its inhibiting effect on CS 
3 is resumed. The message in process is 
completed in the normal fashion and the terminal­
sync pulse indicating its conclusion re stores 
all cores to the 0 state. At the same time, J90V 
is applied through SI and the normally open contacts 
of S3 to CP 1, thereby charging the capacitor in 
CP l. But for this feature, it would be impossible 
to resume continuous-message operation without 
first placing Sl in its SINGLE MESSAGE position; 
the capacitor in CP l would not be charged, and 
depressing the START pushbutton would have no 
effect. 

d. Mode II Type 2 Operation 

When the TEST switch is placed in the Mode II 
position, PER 63 pulses, synchronized with TPG 
time pulses by the PER 63 synchronizing circuit, 
are fed to CP 2, priming CS l. These· pulses, 
which serve as message-initiating pulses, are 
processed as in mode I single-message operation, 
and the terminal-sync pulse at the conclusion of 
the message restores all cores to 0 in preparation 
for the arrival of the next PER 63 pulse. · 

However, PER 63 pulses are random and may 
therefore, arrive during the course of a message. 
If not inhibited, such a pulse would initiate a new 
message while the preceding message was in 

1810 



CROSSTELL 

progress, resulting in improper operation of 
the LRI TPG. The inhibiting phase of the core -
shift operation, prevents this occurrence. In 
this phase, CS 5, driven by the cyclic action of 
CS 6, inhibits CS 3. 

Assume that a second PER 63 pulse arrives 
during this phase; this pulse is bloc:ked at CS 3. 
Two shift pulses later, CS 3 is unblocked, and, 
when the terminal-sync pulse arrives, it rides 
through CS 3, initiating the message asked for 
by the second PER 63 pulse. This feature 
permits more flexible programming than would 
otherwise be possible since a PER 63 pulse 
arriving any time during the course of the 
message forming action. However, the circuit 
also imposes certain programming limitations 
which should be recognized in devising problems 
for the LRI TPG. For example, if two PER 
63 pulses arrive during the course of a message, 
the second will ride through CS 3, since this 
core has been unblocked by the first pulse, 
causing improper operation. 

17. Message Data Register 

The message data register generates the data portion 
of the output message in mode I·and mode II type 2 
operation; it is not involved in mode II type l operatiOfL 
Physically, there are two registers, each containing 
36 cores and associated model B diode capacitor gates 
(BDCG) or a total of 72. However, the last· seven 
DCG' s in message data register l and the last two 
DCG' s in message data register 2 are permanently 
deconditioned by the application of a biasing voltage 
tapped from t90V. These DCG' s are therefore ignored, 
and, for purposes of discussion, the two message data 
i-egisters are regarded as one and their logic blocks 
are numbered consecutively. Under the control of 
a particul,a.r BIT SELECTION switch ( LRI panel, TPG 
module, simplex ma~ntenance console), each DCG is 
capable of passing one data bit. The maximum 
number of data bits in a message is therefore 63. 
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Operation of the message data register is 
as follows: The initial- sync pulse from 
the message control section primes a 1 
through CP 1 into CS 1. This occurs at 
shift pulse 3 (a.fte r initiation of the mes sage 
by the START pushbutton or a synchronized 
PER 63 pulse). The 1 is driven through th~ 
message data register by shift pulses 
supplied by the pulse generator, and the 
shift pulse numbering e_mployed in the mes­
sag~ control section continues to apply. 
Shift pulse 4 transfers the 1 from CS 1 to 

. CS 2; shift pulse 5 transfers the 1 to CS 3, 
etc. Shift pulse 31 transfers the 1 from CS 28 
to CS 29 and also primes a 1 into the fir st 
.core, designated CS 32, of the message length 
register where eventually, it will generate a 
terminal-sync pulse. Shift pulse 32 transfers 
the 1 from CS 29 of the message data register 
into CS 30. Subsequent shift pulses drive the 
1 through the remainder of the register. 

As the 1 passes from core to core in the 
register it strobes the DCG at the output of 
each core. The condition of each DCG is con­
trolled by a BIT SELECTION switch. When 
this switch is in the off position, the DCG is 
deconditioned by the /.90V supply. When it is 
in the on positiou, the bias on the DCG is re -
duced to /.lOV, passing the l from the assoc­
iated core to the data and sync gating circuit. 
Assume, for example, that BIT SELECTION 
switches 1 and 2 are off and switch 3 is on. 
Shift pulses 4 and 5 drive the l through CS 1 
and CS 2, but DCG l and DCG 2 are closed 
and there is no output from them. At shift 
pulse 6, however, the l, transferred from 
CS 3 into CS 4, passes DCG 3 to form the 
fir st selected data pulse, three shift pulses 
after the initial- sync pulse. Other BIT SEL­
ECTION switches may be used similarly to 
set up any configuration of data pulses. 

18. Message Length Register 

a. Operation 

It was observed that shift pulse 31 primes 
a l from CS 28 of the message data bit 
register into the first core, designated 
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CS 32, of the message bnE'th r~;€·L:t2r. 

The purpose of the mes?ab-.: lc"~r:;~i; ··~f:iSt;)r. 

is to develop a terminal- sync pulse at the 
end of the message. It consists essentially 
of 36 cores and their associated DCG's. 
The last three DCG' s are permanently 
deconditioned. At any given time, one of 
the other 33 DCG's is conditioned. The 
conditioned DCG passes the terminal-sync 
pulse which terminates the message. 

NOTE 

The message length register em­
ploys cDCG' s which are conditione.d 
by a ground connection and decon~ 
ditioned by a positive voltage tap­
ped from J90V. The cDCG's pro­
vide a higher amplitude output than 
the BDCG's used in the message 
data register. (The BCP which 
receives the terminal sync pulse 
requires an input of a higher level 
than the A LA which receives the 
message data pulses. ) 

The length of message is variable from 32 to 
64 bits (sync bit pus 31 to 63 data bits). The 
length is established by the MESSAGE LENGTH 
switches (unit 92) which, together, apply a 
conditioning voltage to one DCG. The MESSAGE 
LENGTH-tens switch designates the tens digit 
number of this DCG. Since these DCG's are 
numbered from 32 to 64, the tens switch places 
the selected DCG in one of four groups: 32-39, 
40-49, 50-59, 60-64 (all numbers inclusive). 
The units switch then selects a DCG within one 
of these groups. 

Thus, together, these switches condition 
one DCG out of the total available and 
apply a cutoff bias to all others. 

Assume that the length of the desired 
output message is 52 bits. The tens 
switch is set to 5 and the units switch to 
2; the number 52 appears on the MESSAGE 
LENGTH dial. With this setting, wafer B 
of the tens switch applies ground th rough 
contact 5 to the arm of wafer D of the units 
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switch. Thi.:; makes se\<!·:tion of a DCG in 
the 50-59 group possibl~. Contact 3 of 
wafer D applies the ground connection to 
DCG 52. The gate is therefore conditioned; 
when the 1 shifting through the message 
length register is transferred out of CS 52, 
it will be gated through DCG 52 to form the 
terminal-sync pulse. 

The J90V deconditioning bias is applied to 
all DCG's, other than DCG 52, in the following 
manner. The J90V is permanently applied to 
the arms of wafers A, C, E, and G of the 
units switch and, through the contacts of these 
wafers, to all but one DCG in each of the four 
groups: 32-39, 40-49, 50-59, and 60-64. Thus, 
with a switch setting of 52, the wafers of the 
units switch apply J90V to all DCG' s except 32, 
42, 52, and 62. By its setting, the tens switch 
applies J90V to the arms of wafers B, F, and H. 
These wafers, in turn, transfer the J90V to 
DCG's 32, 42, and 62, respectively. Thus, all 
DCG' s except DCG 52 have J90V applied to 
them. 

NOTE: 

To avoid confusion, observe that the 
contact number of the units wafers is 
higher by one than the unit digit num -
ber of the DCG they control. · The 
reason for this is that there are no 
zero-numbered contacts, but there 
are DCG's with zero-numbered unit 
digits (40, 50, 60). 

b. Timing Relationship with Other Sections 

The terminal-sync pulse occurs at the 
proper time because of the timing· re -
lationships, summarized below, between 
the message control section, the message 
data register, and the message length 
register. For this summary, assume 
that the MESSAGE LENGTH switch is set 
at 52, which means that a maximum of 
51 data bits may follow the initial-sync 
bit. Assume further that BIT SELECTION 
switches 3 and 49 are operated. Other 
BIT SELECTION switches may be operated 
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also, but these are not material to the dis­
cussion. By means of the START pushbutton 
or a synchronized PER 63 pulse, CS 1 in the 
message control section is primed. The 
following sequence of events then takes place: 

1) Shift pulse 1: 1 is transferred from CS 
1 to CS 2 in the message control section. 

2) Shift pulse 3: initial-sync pulse is formed 
and primed into CS 1 in the message data 
register. 

3) Shift pulse 6: 1 is transferred from CS 3 
to CS 4 and passes DCG 3 to form the 
fir sf data bit. 

4) Shift pulse 31: 1 is primed into the first 
core in the message length register 
designated CS 32. 

5) Shift pulse 32: 1 is primed into CS 30 in 
the message data register. 

6) Shift pulse 52: 1 is shifted out of CS 52 in 
the message length register and gated 
through DCG 52 which has been conditioned 
by setting (52) of the MESSAGE LENGTH 
switch. The output of DCG 52 primes CS 
7 in the message control section. 

7) Shift pulse 54: 1 is shifted out of CS 49 
in the message data register and passes 
DCG 49, forming data bit 49. A 
1 is also shifted from CS 8 to CS 9 in the 
message control section. 

8) Shift pulse 55: 1 is shifted out of 
CS 9 into the sync and data gating 
circuit, endj,pg the message. 

NOTE: 

No BIT SELECTION switches beyond 
49, in the above example, may be 
operated, since such switch settings 
will result in the generation of data 
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improper operation of the LR l 
TPG. 

The sequence above is de signed to ensure that 
the terminal- sync -:_J•tlse will arrive at the sync 
and data gating circuit at the proper time. 
Three shift pulses are required to drive this 
pulse through the message control section into 
the sync and data gating circuit. Data bits, 
however, proceed directly from the message 
data register to the sync and data gating cir­
cuit. For this reason, the terminal-sync pulse 
is made to leave the message length register 
two shift pulses before the last bit is formed 
Delayed three shift pulses, it arrives at the sync 
and data gating circuit one shift pulse after the 
last data bit, which is the desired effect. 

L9. Sync and Data Gating Circuit 

The sync and data gating circuit receives the sync 
pulse from the message control section and the data 
pulses from the message data registers and processes 
them for delivery to the output signal generator. The 
circuit consists of two level setters and two gates. 
LA l and GT I process the sync pulse; LA 2 and GT Z 
process the data pulses. 

The sync pulse may be either the initial-sync pulse, 
the terminal- sync pulse, or, as in the case of contin­
uous message operation, one pulse serving both 
functions. LA I clamps the pulse between - 30V and 
l!OV and conditions GT I. GT l is strobed by DCR 
(12. 5) pulses. The output of GT l sets FF 2 in the 
output signal generator section which, in turn, causes 
the sync bit of the output message to be passed by 
LGT 2. 

Processing of data pulses parallels the above operation. 
The output of GT 2 sets FF I in the output signal 
generator section which causes the data bit in the output 
message to be passed by LGT I. 
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20. · Duplex Switching 

Duplex switching permits only the command pulses 
originating in the standby Central Computer to 
exercise signal control in the TPG. When the A 
computer H> in the standby status, relay 92CF (K2) 
is energized, admitting command pulses from the 
A computer. When the B computer is in the standby 
status, 92CG (Kl) is energized, admitting command 
pulses from the B computer. The energized relay 
also transfers sense 34 pulses from the TPG to the 
standby Central Computer; these pulses permit the 
Central Computer to synchronize- command pulses 
to the TPG with TPG timing. 

21. Mode-Type Switching 

Mode-type switching permits the standby Central 
Computer to initiate mode II type I operation and thus 
establish complete control over the content of the 
TPG message. When the TEST switch is in the 
MODE 2 position, -48V is available at contact 7 of 
relay 92CH( K7). This relay is normally unenergized; 
therefore, relay 92CG (K2) is unenergized as well. 
The TPG is now in mode II type 2 operation, and 
-48V, applied through contacts 6a-6b of relay 92CG 
(K2), lights the TYPE 2 indicator. Type 1 operation 
is initiated by a PER 24 pulse from the standby 
Central Computer, transferred through duplex switching 
This pulse sets FF 1, causing VRD l to conduct. 
Relay 92CH (K7) is thereby energized, applying 
relay-energizing voltage to 92CG (K2). This voltage 
also causes the TYPE l indicator to light. Energizing 
of 92CG (K2) has the following effects. Contacts 3a-
3c of the relay transfer DCR (-12) pulses as sense 
34 pulses to duplex switching and thus to the standby 
Central Computer where they are used· in· the 
programming operations of the computer. Co?tacts 
la-le and 2a-2c transfer PER 65 and PER 66 pulses, 
respectively, from the standby Central Computer to 
the output signal generator. Each PER 65 pulse 
causes a message sync bit to be generated; each PER 
66 pulse causes a message data bit to be generated. 
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A PER 63 pulse arriving during type 1 operation 
resets FF 10, deactivating VRD 1. Relays 92CH 
(K7) and 92CG (KZ) are thereby de-energized and 
type 2 opera~ion is resumed. 

22. PER 62 Synchronization 

The PER 63 pulse which accomplishes the transition 
from mode II type 1 to mode II type 2 operation, 
and subsequent PER 63 pulses, serve as message­
initiation pulses in type 2 operation. These pulses 
are generated in accordance with the maintenance 
program in progress and must be processed to 
meet the requirements of the message control sectiop. 
Essentially, this me.ans delaying the PER 63 pulse 
until the end of the shift pulse - that is, until DCR 
(2. 5) time - to prevent possible overlap of shift 
and priming pulses. (Such overlap could reintroduce 
a 1 in CS 1 of the message control section while the 
1 in the core was being shifted out. ) The delay is 
performed by the PER 63 synchronizing circuit, 
operating as follows. 

The PER 63 pulse is fed through contacts 5a-5c of 
energized relay 92CE (Kl) to permanently conditioned 
GT l; the output of GT 1 sets FF 1, conditioning GT2. 
This gate is strobed by DCR (-12) pulses. The output 
of GT 2 sets FF 2, conditioning GT 3. This gate is 
strobed by DCR (2. 5) pulses; its output is fed to the 
me.s.aa._ge control section where it serves as a message 
initiation pulse. ·since the shift pulse ends at DCR 
(2. 5) time, overlap of the PER 63 pulse and the shift 
pulse is prevented .. 

B. Basic Differences between LRI &: XTL Test Pattern 
Generator. 

1. Qverall Operation 

The overall operation of the XT L TPG and LRI TPG 
are fundamentally the same. The major difference 
between the two is the fact that the XTL message is 
fixed at 92 bits (initial sync bit plus 91 data bits). 
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Therefore, no message length register is required. 
Instead, the terminal- sync pulse is produced by a 
message data register. Message composition is 
determined, as in the LRI TPG, by the setting of 
BIT SELECTION switches (simplex maintenance 
consoles) of which there are 91. 

Z. Detailed Operation 

All the sections and circuits found in the XTL TPG 
function identically to the corresponding sections 
and circuits in the LRI TPG, with the exception of 
mode switching, the message data register, and 
mode-type switching. 

a. Mode Switching 

The difference between LRI and XT L mode 
switching is that, in XTL feedback loop 
operation, the source of test signals is the 
G/G section of the Output System rather than 
the G/A section. 

b. Message Data Register 

Operation of the XTL and LRI message data 
register is fundamentally the same. However, 
to produce a message of 91 data bits, three 36-
core registers are required in the XTL TPG. 
The 1 from CS 30 in the first register primes 
the first core in the second register. The 1 from 
the 30th core in the econd register primes the 
first core in the third register. The last five 
DCG's in the first and second registers are 
permanently deconditioned by t90V, leaving a 
total of 91 DCG's in use. The 1 transferred out 
of the Z9th core in the third register is fed to 
the mes sage control section as the terminal-
sync pulse. It leaves the register two shift 
pulses before the final data pulse, but, as in the 
LRI TPG, it is delayed three shift pulses in the 
message control section. Therefor~, it enters 
the sync and data gating circuit. one shift pulse 
after the final data pulse; this is the desired effect. 
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c. Mode -Type Switching 

Mode-type switching in the XTL TPG differs 
from this operation in the LRI TPG operation 
only insofar as mode II type 1 operation is 
initiated by a PER 25 pulse in the XTL TPG 
and by a PER 24 pulse in the LRI TPG. 

C. Crosstell Pattern Generator Summary 

1. Generation of Pulses 

a. Timing - 1300 cps 11 volt p-p sine wave 
b. Sync - one sine wave, 11 volt p-p in coinci­

dence with a timing pulse. 
c. Data - one sine wave, 11 volt p-p coincidence 

with timing pulse. 
d. Timing pulses are continuous 
e. Sync pulses occur every 92nd pulse. 
f. Data pulses represent ones and are a variable. 

2. Modes of Operation - Mode Selection Switch 

a. Mode 1 - can generate a single or continuous 
messages - manual control. 

b. Mode 2 

1) Type 1 - Msg. generation and data make up 
computer controlled. 

2) Type II - Msg. generation computer controlled. 
Data is manually controlled. 

c. Feedback - connects output system timing data 
and sync lines to test bus thru DLD's. 

3. Power Status 

a. Off - no power to 92A 
b. Filament - AC filament voltage only. 
c. On - AC It DC for 92A. 
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4. Data Switches 

a. Each of 91 bits can be controlled by an 
individual toggle switch. 

b. Sync is automatic except in Mode 2, Type I 
operation. 

5. Controls on Module A 

a. Start - manually initiates message generation 

b. Stop - manually controlled - prevents contim.ious 
operation at end of message in progress. 

c. Single or continuous -·message generatiQn ~olitrol 
for Mode L 

6. Block Diagram Analysis of Crosstell Pattern C'iea,rato;r 

a. Output Signal Switching. 

1) Connects correct signal lines to test 

2) Sources 

a. Output System test info 
b. Pattern generator 

b. Output Signal Amplifiers 

1) Matches impedances 
2) Furnishes driving power. 

c. Message Data Register 

1) Non-operative in Mode II, Type 1 

2) Controls message content when in Mode I 
or Mode II, Type II. 

3) Each bit controlled by a switch, other than 
11 sync 11 bit. 
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d. Sync q.nd Data Gating 

1) Converts sync and data pulses f1;om tape 
core output signals to standard p;1ls·.;;s in 
all modes except Mode II type 1. 

e. Output Signal Generator 

l) Converts sync and data pulses to sine 
wave form. 

Z) Mate hes impedance to output signal 
amplifiers. 

f. Dupl.ex Switching 

l) Sale ct the PER 63, PER 65, PER 66, or 
PER ZS from the Standby Compute::.- A or B. 

g. In put Sync 

1) Synchronized PER 63 to pa<':tern generator. 

h. Mes sage Control 

1) ContrQls generation of mes3ages exc·3pt 
in Mode II, Type 1. 

a) Starting 
b) Stopping 
c) Continuous or single message. 

i. Pulse Generator 

1) Generates necessary pulses. 

7. Feedback Mode 

a. Output Signal Switching 

l) Mode Switch in "Feedback Loop" 
2) Relay 9ZAD (K2) energizes 
3) Output System data switched in. 
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b. Digit Li:1·.~ :J;·iver. -. (DLD' s) 

1, Match impedances of output system 
and cro:>stell test bus. 

8. Mode I 

a. Output Signal Switching 

1. XT Test Switch in "Mode ! 11 

2. Relay 92AD (Kl) .mergizes. 

c:ata . 

3. Data from output signal generator sv1it·:h,~d in. 

b. Output Signal Generator 

1. Timing pulses at 1300 cps continuous sine 
wave. 

2. Sync - one sine wave for each "sync gat }d" 
pulse. 

3. Data - one sine wave for each "data gat-:;d i; 
pulse. ( "l ") 

c. Pulse Generator. 

1. Sine wave output - 1300 cps 
2. DCR (-12) 

a. A standard pulse - 1300 pps 
b. Occurs 12 usec. prior to zero crossover 

of sine wave. 

3. DCR (2. 5) 

a. A standard pulse - 1300 pps 
b. Occurs 2. 5 usec after zero crossover 

of sine wave. 

4. 2. 5 use:::. shift 

a. A 2. 5 usec. pulse - 1300 pps 
b. Occurs between DCR (0) and DCR (2. 5) 
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1300 cps 

DCR ( ..:0) 

DCR(Z.5) 

Z. 5 usec 
Shift 

d. 

CROSSTELL 

5. Timing 
-t-0 +o 

\ ~ 
--~---~~+-~~ ...... ~~i----t~~-+--~-t-~~ ...... ,--~~ 

Flexibility of Mode 

1: Single or Continuous messages 
Z; Any combination of data bits 

e. Message Generation (Single Message) 

+ 
1. Depress "start" button - prime core 1 

Z. 1st shift 

a. Clear core 1 
b. Prime core Z 

3. Znd shift 

a. Clear core Z and inhibit {prevents 
accidental re priming if "start 11 pulse 
were too long. 

b. Prime core 3 
c. Inhibit core 4 - necessary to clear 

core 4 once primed. 
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4. 3rd shift 

a. P:rimt core I of "Message Data Reg." 
b. Ge:ierate a "sync" pulse 
c. Prime core 4 

5. 4th thru 91 st shift. 

a. Keep .:ore 4 primed and 5 
b, Keep -::ore 3 bhibited - prevents accidental 

"sync" & "prime" pulses. 
c. Shift one thru cores 1 to 89 in- "mes sage 

data register." 

6. 92nd shift. 

a· Core 4 primed 
b. Core 5 primed 
c. Core 3 inhibited 
d< Core 7 primed by "output" of core 89 
e. Message data. reg. - 89 to 90. 
f. Core 1 prirr. :.:d 

7. 93rd shift 

a. Core 7 and core I reset 
b. Core 8 and core 2 primed 

8. 94th shift. 
a. Core 8 and core 2 re set 
b. Core 9 primed; Core 3 not primed due to 

inhibit from Core 5. 

9. 95th shift 

a. Core 9 reset 
b. ·sync pulse generated. 
c. End of mesi::age. 

f. Message Generation (Continuous) 

I) Placed switch to "Continuous Message" 
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Z. Dep.res& "i::ta::.-t'' - note that t90V i.3 remov~~d 
bu.: capa,:itor allows one start. 

3. Core 6 will oe•:Om '.! primed and maintah1 a 
on.:o .. ke :.:ping co;<'°' i; inhibitc•:i. 

4, No effect until 95~h shift. 

a. Since core 6 ir1hibits core 5 then 
b. Core 5 can't i.lhibit core 3 and 
c. Message da·ia r·::::gister is primed again. 

5. Continuous operadon ~uti1 11 stop" is depressed 
or switch returned to. ''single message." 

6. Either, will prevent core 5 from being inhibited. 

7. Note that "Coatinuou:;; Message 11 has effect 
for Mode I, b1.1t not· Mode II. 
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9. Mode II, Type Z Logic. SZ. 6. 1 

a. Output Signal Switching 

1. SZ 'l'est Switch in "Mode II" 
Z. Relay 9ZAE (Kl) energizes. 

a. Removes t!OV for "Continuous Message" 
b. Energizes 9ZAD (Kl) 
c. Connects PER (63) line. 
d. Turns on Tyle Z light thru 9ZAG (KZ) N/C 

points. 

b. Comparison to Mode I Operation 

1. Identical except for the following 

a. Cannot operate "continuous 11 

b. A PER 63 will also start message. 

Z. One PER 63 requir.ed for each messa~~. 
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l 0. ~loJe II, Typ-] I 

a. Comparison i:o Mode II, Type 2 Operation 

l . .E.; nt·:: r L.:i i'l to only fr om Mode II, Typ~? 2 
~:tatt:.3 

2. Computer ·:ontrolled by PER 25. 

a. PER ZS sets FF9, 92AP (13 - C, D) 

b. FF 9 couditions bVRD BA 92AP 

c. VRD8A l:nergizes 92AH (K7) 

d. 92AH (K7) energizes 92AG (K2) and 
lights Type l indicator 

c. Path completed for PER 65 & PER 66 
PER 65 generates sync bit 
PER 66 generates data bit 

f. Path is also completed for DCR (-12) to 
set range FF and meet condition for 
BSN 34. 

b. Programming Mode II, Type l 

1. Example: 

00000 PER 25 0.00000 

00001 BSN34 0. 0.00003 
False BSN34 to 

00002 BPX 0.00001 insure sense. 

00003 BSN34 0.00005 
FF for Range is 
clear to start. 

00004 BPX 0.00003 

00005 PER6s 0.00000 Sync generated 

00006 BPX to routine that will delay for two zeros 
on P/ Land generate data b1ts as desired. 
(PER 66 initiates data one bits). 
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D'.' SUMMARY Questions 

I. Where is the switch located that will turn the Pattern 
Generator for Xtell on or off? (Unit 47) 

2. Explain briefly the 3 modes of operation of the Xtell 
pattern generator. 

a. Feedback loop 

b. Mode I 

c. Mode II, Type 1 & 2 

3. Which of the 92 bits of a crosstell message cannot be 
controlled by a switch? ' 

4. Explain the function of the "Terminating sync" pulse when 
in: 

a. Single message 

b. Continuous message 

5. What is the difference in outputs of Model A and Model B 
DCR's? 

6. Give one advantage of tape cores over FF's 

7. Give one advantage of FF' s over tape cores. 

8. What is the maximum rate at which tape cores are 
shifted? 

9. What is the major difference between a shift pulse and 
re set pulse to tape cores? 

10. The Unit No. for the XT L Test Pattern Generator is 92. 
(T /F). 

ATC Keesler 6-1329 


