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Figure 
4-48 

Figure 4-48. Magnetic Core Memory Plane Assembly 
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IE--MEMORY PULSE SEQUENCE LENGTH: 22 MICROSECONDS ------4IIi 
INmATE TO n 
"'E"'ORY(V~) ---1 , _____________________ --:_ 

SiART n I 
TRANSLATI~RgT) .J Ii.-_________________ ~ ________________________________ __.: __ 

START READ (R ~~) I 
I 

READ PROBE ( R ~~ ) 

I 
. START INHIBIT (R6~) II ~~~ __ ~fl~------------------------~-

I 
(R ~i) I I 

I 
STOP READ (R g~) I I 1 

START WRITdR nl I 1 I I I 
RESUME FROM I 1 I I I I n I 
MEMORY (R ?~) t-------:~-~-~~----! .... ________ _ 

CLEAR TRANSLA'TOR I I 1 1 1 I I I· . 
CONTROL REG. (R n) 

::TW::::URB (R ~t) ~I _I ~~I I----:..-~~I --J.n ___ ~ 
::::SLATION (R L II I I I I I 
~'~O~TURB(Rl~) ~I ~~I I ~I ~I~I ~I 1 ~ I 

. (;g?'''~Egg~~~?~) n----------....I nL.:..-----I1 h_l_h 1 I I 1 I 
~O~:~:;~~N:~~)~) ~ h I I nl n~1 ~I ~I~ 
TRANSLATOR CONTROL

I 
PULSE hi nl I lin nl I 

(RJi RJ~ Rb~ R~~)--' I . . . ..... ____ ........... __ --: __ ~_..:..._ 

1 I 
Jl.DDRESS LOCATION 

PULSE STRETCHER 

TIME IN 

MICROS ECONDS 
o I 

I I I J I I J I I I I I I I I I I I 
2 3 4 5 6 1 8 9 10 lJ 12 13 14 15 16 11 18 19 20 21 22 

Figure 4-49. Magnetic CfJre Storage System Control- Pulses-':-
4-lT1. 
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START READ 

P.S. (Y~) 

READ PULSE 

(X OR Y) 

SET READ PROBE 

(R g~) 

SENSE SIGNAL 
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,'---====!-./ 
__________ J~ READ \ _________________________________ __ 

____ ~~rl _____________________________ __ 

-------~~~--------------------
READ PROBE n 
(N~g N~ Nn N~;) _________ ..1 _______________________ _ 

START INHIBIT 

(R5~ , R ~~-R ~:) 
__________ ~fl _________________________ _ 

START INHIBIT 

(R6~ , Rb~-~R!~ ) 
______________ ~rl~ ____________________ _ 

I NHIBIT(DISTURB 

P.S. (Y~b ,y~~ --Y~~)_----------------
" - - - - - - ,DISTURB 
'" INHIBIT (P.S.) ~(P'S.V 

INHIBIT / DISTURB 

PULSE 

STOP READ DIS. 

(Y~T) 

START WRITE 

P. S. (Y~~) 

WRITE PULSE 

_________________ ..,/ __ "':NH~IT ___ JDISTUR~ 

v 
WRITE (P. S.) I 

I "" WRITE 
TRANSLATOR BIT RECIRCULATION n n n' 
CONTROL ____ --' '-____ ..1 ""' ____ ~ 1. ________________ _ 

(R5~) 

STOP WRITE P. S. 

START DISTURB 

(RI~ R\~ ;RI~) 

STOP TRANSLATION DIS. 

(Y ~~, y~~ t y~~ t y~~ ) 

STOP INHIBIT/DISTURB 

DIS. (Y~l ,Y~~ .Y~~) 

TIME IN 

MICROSECONDS 

I 
o 

v ____________________________ ~fl~ ____ __ 

I 
2 

I 
3 

I 
4 

I 
5 

I 
6 

I 
7 

I 
8 

I 
9 

I I 
10 II 

I I I I I I I 
12 13 14 15 16 17 18 

v 

I I I I 
19 20 21 22 

Figure 4-50. Magnetic Core Storage System Control Pulses (Cont.) 

4-178 



NAVY· MODE L CXPK·· 
THEORY OF. OPERATION··' 

Paragraph· 
4-4c 

circuit is explained in Volume 2, section 4, Theory of Operation. 

The stage number portion of each magnetic switch core symbol in the Memory 

Timing Chain indicates the time in microseconds that an Output pulse begins in 

that stage relative to the zero time reference. (The zero time reference of 

each Memory Timing Chain magnetic switch core stage number is the beginning of 

the readout time of the Initiate to Memory core VSo.) The timing sequence 
04 

scale in microseconds for each Memory Timing Chain stage is indicated in Timing 

Sequence Diagram 87734. The times indicated on this scale are referred to in 

this section to explain the operation of the Memory Timing Chain and the Memory 

Access Control Section. 

Each magnetic switch core shown in the Magnetic Core Storage System Timing 

Sequence Diagram 87734 produces an output pulse at the time indicated by the 

timing scale. The magnetic switch cores, R11 and R31 , o~ the Translator Bit 
02 04 

Recirculation Control section produces a series of four outputs and are there-

fore shown four times on the timing sequence diagram. The translatorlli t 

recirculation control core R31 is connected to produce a series of three 
04 

control pulses spaced four microseconds apart during each MCg reference. The 

negation lead of this core receiv~s a pulse which stops the Translation Bit 

Recirculation Control sequence on the fiftRenthmicrosecond (time 15) of . 'the 

current memory sequence. Therefore, when the translator bit re~irculation 

control core R31 is read out on the sixteenth microsecond (time 16):of·:the 
04 

current memory sequence, no signal is produced to reset the tr~sl~tio:ri pulse 

stretche~ stages and the Translator Bit Recirculation Control sequence ends. 

The function of the Memory Timing Chain is to produce a .eries of time~ 

pulses which are used to control the Read and Write operations performed in 

the memory. An Initiate To Memory Signal, occurring during each Read or Write 

sequence, transfers a "1" to Memory Timing Chain core ROS and initiates the 
01 
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Memory Timing Chain sequenceo The t~l" which was stored in R05 by the Initiate ....... o~ .... ... . 

to Memory signal is transferred to each core in the Memory Timing Chain in 

sequence to produce the required Memory Timing Chain signals I) When the "1 tt is 

transferred from ROS to R25 (at time 1) a tlu also is transferred to cores R~7, 
. o~ . 03 . . ·02 

R~6 R~3 R~2 and R~~o The next transfer pulse, TPl, reads out the tl" in 
02' 02' 02' 02 

these cores at time 2. Output signals are therefore produced in these cores 

which are combined in the logical AND circuits of the translator with the out­

put signals of the translator cores S~e S~o ••• S~9 S~o. The outputs of the 
. 00' 00 ~~' ~~ 

selected logical AND circuits energize the desired pulse stretcher circuits. 

However, these pulse stretcher circuits cannot maintain the required output 

signal voltage for the duration of a Memory Reference sequence. Therefore, the 

translator bit recirculation control core R3~ produces an output signal every 
04 

four microseconds (at times·04, 08, and 12) which is used to reset cores R~T, 
02 

R~6 R~3 and R~2. At times 2, 6, 10, and 14 the ttl' st' in these cores are 
02' 02' 02 

read out and produce simultaneous output signals with the signals of the 

Address Transfer Channel cores S~9, S~o ••• S~9, S~o. The pulse stretcher 
. ' 00 00' ~ ~ ~ ~ 

circuits on the outputs of the energized logical AND circuits are therefore 

-energized every four microseconds (at times 2, 6, 10, and 14) to maintain the 

required translator output voltage. Core R3~ is cleared at time 15 by Memory 
04 

Timing Chain core R25 which reads oat the "Itt that was stored in this core at 
~5 

time 14. Therefore, when R3~ is read out at time 16, no output signal is 
04 

produced and the Translator Bit Recirculation Control sequence is terminated 

until the next memory reference is initiated. 

The translation of the MCS address is not actually complete until time :;, 

when the signal from Memory Timing Chain core R25 energizes the start Read 
03 

pulse stretcher y37. The energization of this pulse stretcher completes the 
00 

selection of the read current generators RGXl, RGX2, RGY!, or RGY2 by energiz-
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ing two of the logical AND circuits which are connected to them. Selection of 

the proper X and Y read current generators is determined by the contents of 

the highest-order bits in the X and Y portions of the MeS address. If a ttl"~ 

is contained in bit Sao of the X drive line portion of the MeS address, read as . 

current genera.tor RGX2 is turned on; if a "0" is contained in bit SOO, read 
05 

current generator RGXl is turned on. The Y drive line read current generator 

is selected in a similar manner. 

The bits of the memory word which are transferred to the Z-register during 
! 

an MeS Read reference are controlled by the Read Probe cres N20, N21 , N22 , and 
. 75 75 75 

N23 • These cores produce Read Probe signals when the signals Initiate Read MeS 
75 

(0-7), Initiate Read Mes (8-14), Initiate Read Mes (15), and Initiate Read MeS 

(16-23) are combined in the logical AND circuits with the Start Read Probe 

signal from core R02 • The bits of the memory word containing ttl' sn are trans'· 
05 

ferred to the Z-register at time 7 if a Read Probe signal is present at the 

logical AND circuit connected to the output of the sense amplifier stage. 

The ttl'sU which were transferred to Z during an MeS Read reference at 

time 7 are read out of the Z30 cores at time 8 and transferred to the Zoo 

cores. At time 9 the "'1" signals from the Zoo cores are used to clear the 

corresponding Start Inhibit cores R~~,. R~~, ••• R~~, R~~. These start inhibit 

cores are set at time 8 by the outputs from the start inhibit control cores 

(R32 R33 and R34 ). 
os' as' as 

These start inhibit control cores are set·at time 6 by 

the start inhibit control pulse which is produced by Memory Timing Chain core 

The inhibit current is turned on automatically for each memory plane un-

less there is a til" to be written in that plane. If a "1" is to be written in 

a plane, the ne'gation input of the start inhibit core controlling that plane 

will receive a "1 "signal from the associated Zoo core. When the start inhibit 
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cores a:re read out at time la, the cores which were negated do not produce 

output signals and the start inhibit pulse stretchers connected to these out-

puts are not turned on. The inhibit current, ,therefore, is not turned on in 

those plc.nes, and ·'1' stl are vrritten. 

The \·lri te/Restore current pulse sequence is initiated at time 11 by a pulse 

from the Ivlemory Timing Chain core R2s• The start Hrite pulse from this core 
1.1 

turns on the start \·lrite pulse stretcher y37. The energize.tion of this pulse 
02 

stretcher completes the selection of the Write Current Generators \\TGXl, vlGX2, 

1.JGYl, or HGY2 by energizing two of the logical A1TD circuits vihich are connected 

to them. The X e..."1d Y -write current generators which are turned on are deter-

mined by the contents of the highest-order,bits of the X and Y portions of the 

MCS address. If a 111" is contained in bit Sao of, the X drive line portion of 
os 

the MCS c.ddress, write current generatorvlGX2 is turned on} and if a "0" is 

contained in bit soo, write current generator WGY~ is turned on. The Y drive 
as 

line "'Tite current gen.erator is 'tumedon in a similar manner. 

The Resume from Memory pulse is produced by lI.iSmory Timing Chain core ROS 

13 

at time 13. 

The Translator Bit Recirculation Control sequence is terminated at time 15 

by a pulse from !-1emory Timing Chain ,core R2S which is connected to the nega­
'15' 

tion terminal of core R31.. 
, 04 

The stop Write pulse is produced by~he Memory Timing Chain core ROS at 
17 

time 17. Because of the delay ~ich exists in developing the pulse discharger 

action, this pulse is required one microsecond'in advance of the time that the 

Write current pulse begins' to decrease. 

The start Disturb pulse is also generated at time 17 by ROs , and sets cores 
. 17· 

R12, RlS , and Rl4 at time 17.' These cores are read out at time 18 to produce 
18 18 18 ' / 

24 separate Start Disturb pulses, core Rl2 produces start disturb pulses for 
l8 
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memory planes 0-7 J core R13 produces start disturb pulses for memory planes 
18 

08-15 J and core R14 produces start disturb pulses for memory planes 16 .. 23. It 
18 

is necessar,y to initiate the start disturb pulse at time 17 because 24 separate 

outputs are required to control the Disturb pulse in ea.ch of the 24 core m~mory 

planes. Each magnetic switch core can produce a maximum of eight output pulses. 

Therefore, it is necessary to set the three start disturb control cores R12, 
18 

R13, and R14 at time 17 to produce the 24 separate start disturb pulses when 
18 18 

these cores are reed out at time 18. 

The stop Translation pulse is produced by the Memory Timing Chain cora R1EJ' 
18 

at time 18. The stop translation pulse energizes the stop translation pulse " 

dischargers y26.,.J y25, y23, and y22. The inherent time delays in the stop trans-
08 08 08 08 

1ation pulse discharger circuits, Translator pulse stretcher circuits and the 

CUrrent Diverter circuits are such that the current diverters are not turned 

off until about time 19. 

The stop Inh1bi t/D;lsturb pulse is produced by the Memory Timing Chain core 

R35 at time 20. It energizes the stop inhibit/distrub pulse discharger circuits 
20 

y11, y11, and y11. The stop inhibit/disturb pulse discharger circuits discharge 
24 25 26 

the Inhibit/Disturb pulse stretcher circuits y21, y21, ••• y21, y21, which turn 
00 01 22 23 

off the inhibit/disturb current generator Circuits, thereby terminating the 

current MCS reference. 

(5) MC!ADDRESS SELECTION SYSTEM. - The circuits used 1n~address 

selection are represented by shorthand block-type symbols in Logical Diagram 

87001, Volume 8, pages 36 and 37. The address selection system for the X drive 

lines is identical to that used for the y drive lines. The X and Y drive line'-

address selection systems therefore perform a 26 translation of the 12~bit MCS 

address (26 X 26 = 212 = 4096) to select one X and one Y drive line. The 

address of the selected core in each core memory plane is located at the inter-
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section of the selected X and Y drive lines. Since the X drive line address 

selection system is identical to that for the Y drive line address selection 

6y~trem, iOnly the X drive line system is expla.ined in this text. 

Each X drive line is connected to the secondary winding of a separate drive 

li~ transformer. The primar,y winding of each X drive line transfor.merhas two 

secti~nsp one for the Read current pulse and one for the Write current pulseo 

Each section of the pr~y ~nding is connected to a common point which is 

theri c©nnected to a current divertero There are 32 current diverter circuits, 

therefore, each current diverter circuit serves two drive lines as ShCl1m in 

Dr-u1.ng 8700lJ) Volume 8, page 36. 

'':'> Th® X drive line address selection system is divided into three distinct 

transle:oors, 23 , 22 p and 21
0 The 23 translator is controlled by the three 

lo~r-order bits of the S~registerJ) Soop Soo, and Soo, the 22 translator is 
00 01 02 

contr~lled by the next two higher-order bits, soo and Soo, and the 21 trans-
03 04 

le:tro;r 1s controlled by the highest .... order bit, Soo <'I 

05 

-Ea.ch current diverter is turned on by the decoded results of the 23 trans..,. 

lator and the 22 translator (23 x 22 = 25 ). The final selection of the X drive 

line is determined by the highest-order bit, Soo (23 X 22 X 21 = 26 ). 
_ . 05 

-The contents of S 00 determines which read end write current generators are 
os 

turned ono If Soo contains a tt ott, the read current generator RGXl and the 
05 

wri~ curI"ent generator WGXl a.re turned on. If Soo contains a "1'1 the read 
05 ' 

cul"rtent generator RGX2 and the write current generator WGX2 are turned ono 

Botil raM current generators, RGXl and RGX2, end both wri ta currant generators, 

wan, and WGX2J) are connected through the primary windings of the drive line 

~nt transformers to the current diverter circuits. 

The circuits.used to produce the Clear/Read and Write/Restore pulses for 

each X and Y drive line consist of a. read current generator and a. write current 
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generator, each connected to the primary winding of the dri ve line transf'iC)~ 

One of the transformer primary windings is used to produce the Clear/Read pulse, 

and the other is used to produce the Write/Restore pulse. Because of th.~ man~ 

ner in which the transformers are connected, the signal on the output line of 

the transformer is either a clear/read pulse (during the first step in a memory 

cycle) or a write/restore pulse of the opposite polarity (during the second 

step of a cycle). 

During en MCS reference each storage Address Register stage produces 

specific signals which begin at the same time as the Start Translation signal 

from the Memory Timing Chain core ROs, and are repeated four times at four ... 
01 

microsecond intervals. Therefore, the clear/read and write/restore operatiom' 

are performed in only one MC address during each 'storage reference. 

The lower-order six bits of the MCS address controlled by cores s~~, s~~, 

Soo Soo SOO end Soo are decoded to select and tum on the desired X drive 
oa' 03' 04' os 

line current. The higher-order six bits of the MC address contl'Olled by cores 

SOo Soo Soo Soo SOO and Soo are decoded to select and turn on the desired 
oa' 07' oa' os' 10' 11 

Y drive line current. 

The three lower-order bits of the MeS address represented by the signals 

designated XXXXXO, XXXXXl, XXXXXOX, XXXXlX, XXXOXX, and XXX1XX on the Address 

Selection Diagram 87001, Volume 8, page 36, are combined in an octal (23 ) 

translator to produce the translated signals designated XXXOOO, XXXOO1, XXXOlO, 

XXXOll, XXXlOO, XXXlOl, XXX110 and XXXlll. 

The next two higher-order bits of the MCS address are controlled by ceres 

Soo end Soo, and they are represented by the signals designa.ted XXOXXX, XXlX.XX, 
03 04 

XOXXXX, and. XlXXXX. These signals are combined in the four three-input logical 

AND circuits (binary to quaternary translator) to produce the partial trans ... 

lation signals designated XOOXXX, XOlXXX, XlOXXX, and XllXXX. 
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-The translated signals of the above, described translators (22 and 23 ) are 

combined in a decoder (system of tw-input logical AND circuits) to produce 32 

-separate decoded signals designa.ted XOQOOO, XOOOOl;XOOOlO, • o. XlIIOl, XllllO, 

XUlll (22 x 23 = 25= 32)0 These 32 decoded signals are used to turn on the 

32 eurrent di verters in the X drive line address seUection system. 

The highest-order bit~ controlled by SOO, is used to turn on one of the 
05 ' 

current generators RGXl~ RGX2, WGXl, or WGX2, as previously explained. Since 

each current diverter is connected to both read. current generators (RGXl and 

RGX2) and both write current generators (WGXl and WGX2), the final selection 

of-the X portion of the MeS address is made by turning on one of these current 

gene'rators (22 x 23 X 21 := 26 = 64). The Y drive line selection is produced 

in a similar mannero Ths, a specific setting of the S-register selects but 

ol\e---;of the 4096 unique addresses available (21 • 22 • 23 X 21 ., 22 • 23 -. ~12 

= 4(96)0 
.-" .... 

The operation of the address selection system when selecting the octal 

address llll is described in the following example. The S-register signals 

designated XXXXXl, XXXXOX, and ,XXXOXX, together with the Translation Bit 

Recirculation Control signal, are combined in the 23 transla.tor to produce the 

translated signal, XXX001. The S-register signals XXlXXX, XOXXXX, and the 

Translation Bit Recirculation Control signal are combined in the 22 translator 

to produce the t:ranslated signal, XOlXXX. These translated signa.ls are com­

bined in the logical AND circuits in the 26 decoder to produce the ,decoded 

signal, XOl001. This decoded signal turns on the current diverter stage deaig"" 

nated DX11
0 The S ... register signal, OXXXXX, is combined in a logical AND cir­

Sl 

~t;with the Translator Bit Recirculation Control signal to produce a signal 

which energizes the pulse stretcher circuit y36'p and turns on the read. current 
00 

generator RaXl and the write cur!\ent generator, WGXl. These generators each 
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produce a current pulse in the primary of the current transfonner TX through 
11 

the current di verter circuit DX11. The pulses induce a current pulse in the 
51 

secondary winding of transformer T.X ,which is connected to the X drive line. 
11 11 

The selection of Y drive line is produced in a similar manner. It should be 
11 

noted that the only way the selection of the X drive line differs from the 
. 11 

selection of the X drive line is in the signal from SOO. If SOO contains a. 
51 05 05 

rl~?: the read current generator RGX2, and the write current generator WGX2 are 

turned on. This pair of generators produces current pulses in transformer 

T.X instead of transformer TX • Therefore, a current pulse is induced in 
51 11 

the X drive line instead of the X drive line when S 00 contains a' "'Itt. instea.d 
51 11 05 

of a 1'019. 

(6) MEMORY ACCESS CONTROL 

(a) GENERAL. - During each storage reference the Memory Access 

Control circuits produce signals for operating the Digit Plane Control circuits 

and for turning on the Read, Write, Inhibit and Inhibit/Disturb current pulses. 

Id.entical Memory Timing Chain pulses are produced during each MCS reference, 

however, the Read. and Write operations 'Which occur in the memory are controlled 

by the signals. Initiate MCS read probe (0-7) J Initiate MCS read probe (8-14) j 

~:ltiate MCS read probe (15) J. Initiate MCS read probe (16-23) and certain com ... 

mand signals from the computer. 

(b) OPERATION FOR WRITE SEQUENCE. - A -write sequence will 

initiate MCS Clear and MCSWrite steps in memory. Memory Timing Chain core R35 

0.4 

sets R02 at time 4. Simultaneously, translations from the m (field modifier) 
05 

portion of the U-register set the appropriate Initiate Read Probe cores T~~, 

TOo~ TOo, _Too, depending upon the bits of memory 'WOrd in which it is desired to 
21 22 23 

write. At time 5 the Initiate MCS Read Probe signals which are present are 

COmbined in the logical AND circuits with outputs from R02 to set the 
05 
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corresponding Read Probe cores (N ) • Signals from the energized read. probe 
75 

cores are combined in logical AND circuits with the signals from bits of the 

Nf'~nced memory word containing "1' s" which set the corresponding stages of 

the Z-register. Therefore p only those bits of the selected address which are 

not to be replaced with new information are transferred to the Z-register 

during the Clea.r step. New information may be written in anyone of the five 

combinations of bits shown on the follOwing t~ble. 

SEQUENCE 

MCS Write (0-7) 
(m = 1 or 5) 

MCS Write (8 Q 15) 
(m = 2 or 6) 

MOS Write (16~23) 
(m = 3 or 7) 

MOS Write (0-14) 
(m = 4) 

MCS Write (0-23) 
(m = 0) 

MCS WRITE SEQUENCES 

INITIATE SIGNAlS 

Initiate to Memory, Initiate MCS Read Probe 
(8-14), Initiate MCS Read Probe (15), Initiate 

MCS Read Probe (16-23) 

Initiate to Memoryj Initiate MeS Read Probe 
(0-7), Initiate MCS Read Probe (16-23) 

Ini tiate to Memory, Initiate MCS Read Probe 
(0-7J Initiate MCS Read Probe (8-14), Initiate 

MCS Read Probe (15 ) 

Initiate to Memory, Initiate MCS Read Probe (15), 
Initiate MCS Read Probe (16-23) 

Initiate to Memory 

During the MCS Write step all bits of Z, including the bits of the memory 

word which are not being repla.ced and the new bits of the memory word from X, 

-are transferred to the memory cores. 

(c) OPERATION FOR READ SEQUENCE~ - A Read sequence will initiate 

MCS Read and MCS Restore steps in memory. The steps :function as described in 

(b)ibove, with this~~.xception. 

Since the MCS Read step can only transmit an entire 24-bit word from memory 

to Z, all the Initiate Read Probe Signals, 0-7, 8-14, 15, 16-23 must be present. 
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The U-register stages holding the m designator are by-passed for this case, 

and the above-mentioned TOO cores8.re set through a pulse from the Read Oper .. 

and command sequence (V20
). This is shown on Command Logic Diagram 87209, oe 

Volume 8, page 8. The control of the portion of the 'Word 'Which is used by the 

computer during a MCS Read reference is performed in the N control cores in 

the Z-register buffer. 

(d) MEMORY ACCESS CONTROL SUB-SECTIONSo - The Memory Access 

Control Section is divided into the following sub-sections on a functional 

basis. 

1) Translator Bit Recirculation Control 

2) Read Probe Control 

3) Start Inhibit Pulse Control 

4) Start Disturb Pulse Control 

5) Stop Translation Pulse Discharger Control 

6) stop Inhibit/Disturb Pulse Discharger Control 

The other circuits which are in the Memor,yAccess Control seq~jon are start 

Read. Pulse Stretcher, stop Read Pulse Discha.rger, start Write Pulse Stretche:; 

and stop Write Pulse Discharger. The timing sequence of these control circu~s 

has been described previously in paragraph 4 of this section, Memory Timing 

Chain. 

1. TRANSLATION BIT RECIRCULATION CONTROL. - The function 

of this section was described under paragraph 4, Memory Timing Chain, a.bove. 

2. READ PROBE CONTROL. - The function of this section ~ 

described under (b), Operation for Write Sequence, a.bove. 

3. START INHIBIT PUlSE CONTROL. - The function of the 

start Inhibit Pulse control section, consisting of cores R32
, R33

, and R34
, is 

to expand the start Inhibit signaJ. from the Memory Timing Chain, R15, into 24 
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separate signals for the digit plane c@ntrols8 Start Inhibit DPCcoO through 

DPC-230 Since the basic magnetic core switch transfer circuit can 'produce a 

maoctmum of eight outputs it is necessary to use the three transfer circuits 

a32 . R33 and R34 to produce the required 24 start Inhibit Contr@l signals 0 osP oe~ 08 

4~ START DISTURB PULSE CONTROLo - The function of the 

Start Disturb Pulse control section~consisting of R12~ R13, and R14~ is to 
18 18 18 

expand tbe start Disturb signal from Memory Timing Chain core ROS into 24 
17 

~separe.te signals for the digit plane c©ntrols8 Start Disturb DPC ... Q through 

DPC~~3. Because of the above~mentioned switch core limitations it is neces~ 

sar.r to use the three transfer circuits R12~ R13 and R14 t© pr©duce the re~ 
18 1a~ 1.8 

qui~d number of signalso 

10 STOP TRANSLATION PULSE DISCHARGER CONTROLo Q The 

, .. ,~~tion of the stop Translation pulse discharger control section is to tennin-

I"~~ ~~ transl~~i©ll!- <?~.~ the ~~:rent_MCS add:ress SOl that a. new st?rage reference 

can be initiated a.s soon as p((Jlssible. Therefore, the stop Translation signal 

f"r©m Memory Timing Chain core R15 is produced at time 18 SOl that the current 
18 

MOS address is terminated at time 190 The current MCS address translation is 

thus t~rminatced almost i:rnrnediately after the termination ©f th~ write/Restore 

~urr~nt pulae and pri©r t((Jl the beginning of the Disturb CUr~nt pulse 0 

6. STOP DISTURB PULSE CONTROL. = The funct1~n of the st~p 

Disturb Pulse c©nt~l section, consisting of the pulse discharger circuits 

deSignated y1.1 ~ y11 J) and y11, is to tum off the Inhibit/Disturb current gener­

:awr circuits in the Digit Plane Control section at the end of ~ach MCS refer­

ence. The Inhibit/Disturb currant generator circuits are he:ld in the ON 

~onditi@n by the Inhibit/Disturb pulse stretcher circuits in the Digit Plane 

Control s®c'tiono The StiOP Disturb Pulse control section produces the sigruUs 

Stop InhIbit/Disturb DPC~O t~gh DPC-23J) which turn off the start 
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1. START READ PUlSE STRETCHER. - The function of the 

start Read pulse stretcher circuit, y37, is to produce a signal which conir ols 
00 

the length of the Read Current pulse during each MCS reference 0 This pulse 

stretcher is energized by the start Read signal from Memory Timing Chain core 

R25 at time 3. 
03 

8. STOP READ PUISE DISCHARGER. - The function of the stop 

Read pulse discharger circuit, y27, is to terminate the Read Current pUlse 
01 

during each MCS reference. It is energized by the stop Read signal from Memory 

Timing Chain core R05 at time 09. 
09 

9. STARr WRITE PULSE STRETCHER. - The function of the Start 

Write pulse stretcher circuit, y37, is to produce a signal that controls the 
02 

length of the Write Current pulse during each MCS reference. The puln-"'6tra-t-

cher is energized by the Start Write signal from Memory Timing Chain cora R2S 

~.L 

at time 11. 

10. STOP WRITE PULSE DISCHARGER. - The function of' the 

stop Write pulse discharger circuit, y27, is to control the tennination of the 
03 

Write Current pulse during each MCS reference. The circuit is energizsd at 

time 17 by the stop Write signal. from Memory Timing Chain core R05. 
17 

(7) DIGIT PLANE CONTROL CIRCUITS. - A separate Digit Plane Control 

circuit is associated with each of the 24 Magnetic Core Memory Planes. The 

Digit Plane Control circuit controls the writing of a tI 0" or a "1" in the core 

being addressed by controlling the Inhibit Current pulse. The Inhibit Current 

pulse is turned on to write a tlO·t in a core, end is not turned on when writing 

a II 1ft in a core. 

(a) OPERATION DURING JA WRITE SEQUENCE. - During en MCS Write 

sequence, the Z-register operates as a 24-bit Memory Data Register which 
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temporarily stores the information to be written in an MCS address. 

During the MCS Write sequence the operations performed in ea.ch Digit Plane 

n1t "It • i Control circuit depend upon whether a 0 or a. 1 is to be wr tteno Beca.use 

each Digit Plane Control circuit is electrically identical to the other 23 

circuits i only the functioning of Digit Plane Control-O circuit is explained 

belovo 

An MCS Write reference is produced by an Initiate to Memory signal which 

produces writing operations in certa.in bits of the selected MCS addresso The'-

itlfo:rmation which was in each bit of' the sel~H!ted MCS address is read. out of 

the cores and' destroyedo The tIl U signeJ.sproduced' in the sense amplifier cdr-

cnita by the Clear CUrrent Pulse sequence are not recognized and transmitted 

to the Z-register during a write reference, because no Read Probe signals are 
~ 

present for the designated bits of the selected address Which are to receive 

new inf'or.mation~ 

The Inhibit Current control core R10 in the Digit Plane Control"O circuit 
00 

controls the Inhibit Current pulse. The inhibit current generator control coreJ) 

Rl.O, is set to "Itt at time 8 by the Start Inhibit CUrrent core i R32
0 If' 'a ''It'1 

00 os 

i6 to be written in bit-O of the selected MCS address, the Z-register bit-O 

c.'Ontrol co:re, Z30, is set to, ttl tI by the computer prior to the beginning of the 
00 

current MCS reference. The "I" in Z30 is transferred to Zoo at memory time 80 
00 00 

When zoo is read out at time 9, the resulting ttl tt signSJ. clears the inhibit 
, 00 

Clirrent control core R10• As a result, the ''0 If signal produced by core R10 
00 00 

at time 10 does not energise the start Inhibit pulse stretcher y21, and the 
00 

~ibit current generator lGOO is not turned on. A t'l" is therefore written 

in bit-O of the selected MCS addresso 

If a tl09t is to be written in bit ... Q of the MCS address, Z30 is cleared by 
00 
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the computer prior to the beginning of the current MCS reference 0 Therefore» 

when core Zoo is read out at time 9, the resulting t'o tl signal does not clear 
00 

the inhibit current control core Rl. O 
0 

00 

When the inhibit current control core Rl. O is read out at time 10 the re-
00 

sulting fil" signal energizes the Start Inhibit pulse stretcher y2l. J) and turns 
00 

on the inhibit current generator circuit Ioooo A uo" is therefore writttten in 

bit-O of the selected MCS addresso 

(b) OPERATION DURING A READ SEQUENCE 0 - During a Read sequence 

the Z-register functions as a 24-bit restoration register that controls the 

Restore step l which restores the information destroyed by the reading operationo 

Prior to the beginning of each Read sequence J) the computer clears a.lJ.; 

stages of the Z-register to receive MCS Read signals from the selected addresso 

During a Read. sequence the operations perfonned in each Digit Plane Control 

cireui t depend upon whether or not a "1" is read from. the associated core 

memory plane 0 Because each Digit Plane Control cireui t is simila.r electrically 

to the 23 other ciricuitsJ) only the functioning of Digit Plane Control~O 

circuit is explained belowo 

If a til It is present in the selected address of core memory plane OJ)·-8. 

Sense signal is present on the memory plane sense wire during the first J) or 

Read step of the sequence 0 This signal attempts to the pass through the 

logical AND circuit at the output of the sense amplifiero The sense "1" 

signal passes through this logical AND circuit because a Read Probe-O pulse 

is also present J and sets the Z-register core Z30 0 The MeS Restore step that 
00 

occurs during a Read sequence functions in exactly the same manner as the MeS 

Write step previously explained in paragraph 7ao 

If a "ott is present in the selected address of memory plane 0, no Sense 

signal is present on the core memory plane sense 'Wire during the first ~ of 
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Read step of the sequence. Therefore, no Sense signal passes through the 

logical AND circuit at the output of the sense amplifier, and the Z-register 

core Z30 remains in the cleared state. The MCS Restore action has been ex-
00 

p1e:1ned above 0 

4-5. INPUT-OUTPUT SECTION 

The Input-Output Section of the main computer consists of the I-register, 

O-register, F-register, C-register, and the communication lines. The I-register 

contains input information, the O-register contains output information, the 

F-register contains external function codes, and the C-register is a control 

register for input, output, and· -load. mode sequences. The sequence of 

operation is controlled by enable, resume, disconnect, sense, and fault lines. 

These lines are included in the connnunication lines, and the remainder of the 

communication lines carry information to and from the I, 0, and F-registers. 

'" The theory of operation of each of the external devices is given in 

External Equipment , Volume 3, section 5. 

ao INPuT. - The computer can receive information from an electric 

typewriter, photoelectric reader, high-speed reader, or the converter. The 

information is received in the I-register by one of two procedures. An 

input instruction transmits information during a regular computer program, but 

the Load. Mode sequence can send information to the main machine before a 

program. is initiated." The a-register controls the input operations and ",en 

External Disconnect signal is used to stop repeated input instructions. 

- The input sequences are much slower then the regular computer program, 

arui if input instructions are progrannned faster than the input device 

supplies data, execution is delayed until the data is available. As a means 

of saving computer time, e.n1Externe.l Function Select signal is in! tiated 
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and the computer goes on exceuting other instructions until such time as 

the Sense Input Lockout indicates that the Input register is loadedo Then 

an input instruction is executed which transfers the infonnation from I to 

magnetic storage 0 As soon as the information is transferred to memory, 

another Select signal is generated. With the photoelectric reader as input, 

for instance, Bogart can execute at least 100 instructions with no loss of 

input speedo 

(1) I -REGISTERo - The Input Register, shown in Drawing 87078,' 

Volume 8, page 28, is a seven-stage register that receives infonn9.tion from 

the external equipment 0 The converter and the electric typewriter send 

information to the lower six bits only, but the high-speed mechanical reader 

and the photoelectric reader send infonnation to all seven bitso A typical 

stage of the I-register is shown in Figure 4-51. 

(a) BASIC PROPERrIES OF Io - The basic storage elements of 

each bit are two magnetic switch cores. 

(b) TRANSMISSIONS TO AND FROM I. - The I-register is cleared 

by Core N20 before each input transmissiono 
59 

1. CORE I OO 
0 - Information is received from y28 under 

the control of ~o 0 

a9 

20 CORE 120o - Transmissions are made to X under the 

control of N20• 
1.5 

0-6 

(2) INPUT SEQUENCEo - The Input sequence, shown in Drawing 87726, 

Volume 9, pages 95-97, transmits information from the external equipment to 

the magnetic storage section. The information is received in storage as a 

six-bit, seven-bit, or twenty-four bit word. 

(a) SIX-BIT WORDo - If m 1= 0 or 4 and the electric typewriter 
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or the.converter is selected as input~ then six bits of information are 

transferred to the magnetic storage each time an inpu~ instruction is 

progra.nnnedo 

When an input instruction is programmed, the Add B to U circulation 

bit (WOO- w20 ) initiates the input sequenceo Firstj the y portion of the 
02 02 

U-register is modified and then yS0 sets the Input Enable circulation bit 
87 I 

(W10 .. loP°) and the I to X circulation bit (W~O_ w50 >" The Input Enable 
31 31 26 26 

circulation bit sends an Input Enable signaJ. to the external equipment 

While the I to X circulation bit Checks for an Input Resume signale 

If the I-register is loaded and an Input Resume signal was already 

received, the Input Resume bit (W10_ \PO) is set as indicated by the II.D 
65 65 

light on the indicator display panelo A previous Input Resume occurs only 

if a Select Input function was previously programmed or if the input was 

repeated. If the I-register was not previously loaded and an Input Resume 

signal was not previously received, then the computer must wait until the 

external equipment receives the Input Enable signal, reads a character, and 

transfers the character with an Input Resume signal to the main cabineto 

When the Input Resume signal is received, the Input Resume_circulation 

bi t is set and the computer is ready to proceedo If two Input Resumes are 

received before the contents of I can be sampled~ then the Input Fault, 

circulation bit (W10_ WSO) is set and the computer stops. 
42 42 

The I to X circulation bit (W10_ WSO) and the Input Reaume circulation 
26 26 

bit form a logical AND to set V20 Which clears ~o (Normal Circulation of 
87 10 

X control) and sets N20 (I to X control) thus transferring the six bits of 
15 

information from Ito Xo A seventh bit of information is also transferred 

but since the converter and the electric typewriter transfer only six bits of 
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information to I, the seventh bit of I always contains a zero and is not 

~gnized. After the contents of I have been stored in X, VOO forms a 
aa 

logical AND with TOO (mJ 0,4) to set the Write circulation bit (W20_ WOO). 
51 13 13 

If the input instruction is not to be repeated" the Input Enable circulation 

bit (W10_ W30 ) is also cleared at this timeo Clearing of the Input Enable 
31 31 

circulation bit as a result of the above conditions allows the last Input 

Enable signal to be sent to the external equipment for only twelve micro-

seeronds. Since the signal is short, it is ignored by the external equip-

meDt and no information is transferred to the main cabineto 

The Write circulation bit initiates the write sequence, and the infor-

mat'1on contained in the magnetic storage as detennined by the value of m. 

If the instruction is to be repeated, the se~ence starts over. 

(b) SEVEN-BIT WORDo - If m J 0 or 4 and either the high-

speed or photoelectric reader is selected as input, then seven bits of 

information are stored in magnetic storageo The procedure for receiving 

seven bits of information is similar to the procedure for receiving six-

bits of informationo The difference occurs because the photoelectric and 

high-speed readers transfer seven-bits of information to the I-register. 

Therefore" the contents of the lower seven bits of X will be recognized as 

inr~r.mation and placed in magnetic storage. 

(c) TWENTY-FOUR BIT WORP. - If m = 0, 4, then four six-bit 

words are assembled in Q to :rom. a complete tw-enty-four bit word, which is 

stored in the magnetic storage. If the high-speed reeder or the photoelectric 

reader is used as an input device the information in the seventh bit is 

When an Input instruction is programmed, the Add B to U circUlation bit 

(WOO- W20) initiates the Input sequenceo First the lower 15 bits of U are 
02 02 
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modified by adding the contents of a specified B-boxo Then V30 sets V10 

67 52 

which clears N (Normal Circulation of C) and sets WO (Set C to d I d) 0 

60 87 

When T30 (m = 0,4) is set, N20 (Normal Circulation of Q) is also cleared~ 
10 24 

making the contents of Q equal to t'O" 0 Core ySo also sets the Input· Enable 
67 

circulation bit (W10_ WSO) and the I to X circulation bit (W10_ WSO)o The 
31 31 26 26 

Input Enable circulation bit sends an Input Enable signal to the external 

equipment while the I to X circulation bit checks f'or an Input ResUIneo The 

Input Resume signals are received as explained under Six-Bit WOrdo When 

the Input Resume circulation bit is activated, it ANDs with the I to X " 

circulation bit (W10_ WSO) to set v20 which in turn clears NOO (Normal 
26 26 67 10 

Circulation of' X control), sets ~o (I to X control) clears N30 (Normal" 
15 "60 

Circulation of' C control) and at the same time enables N (Shift C control)o 
61 

This sequence puts the contents of' the seven-bit I-register into X and shifts 

the contents of' C to d vC o Both TOO (m = 0,4) and T20 (C is not d ld) are 
10 63 

set. When these cores are set, the contents of the lower six bits of X are 

sent to Q, the contents of Q are shifted left six places, and the I to X 

circulation bit is enabled. When the next Input Resume is received, the 

Input Resume circulation bit is set, the contents of' I are sent to X, C is 

shifted to contain d 'b, the contents· of the lower six bits of' X are sent to 

QQ Q is shifted left six places, and the I to X circulation bit is again 

enabledo The next Input Resume initia.tes the same sequence ~ shift C to d 'a, 

and sets the I to X circulation bito The Q-register now contains infor-

mation in its upper 18 bits and the C-register contains d 'ao When' 'the next 

Input Resume signal is received by the main maChine, the contents of' I are 

sent to X and C is shifted to contain dIdo This sets T20 (C is dId) and 
62 

TOO (C is not a or b). Then the information in the lower six bits of X 
64 1 

is sent to Q, soQ now contains a twenty-four bit wordo If the instruction 
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is"not to be repeated, the Input Enable circulation bit (W10_ W30 ) is 
31 31 

clearedo Clearing the Input Enable circulation bit as a result of the 

above conditions allows the final Input Enable signal to be sent to the 

extlarnal equipment for only twel va microseconds 0 A short signal such as 

this is ignored by the external equipment. 

Next the NOO core (Normal Circulation of X) is cleared, while ~o 
10 23 

(Q to X control)" and the Write circulation bit (WOO- W20) are seto Then 
13 13 

ifm=O, a twenty-four bit word is placed in magnetic storage, and if m=4, 

infonnation is stored in the lower fifteen bits of the memory section. 

(3) LOAD MODE SEQUENCE. - The Load Mode sequence, shown in 

Drawing No. 87133, volume 9, pages 110-111, provides a means for lOading 

the magnetic storage without using program control. The address and 

information tha.t is to be sent to memory is put on punched paper tape and 

read by either the high-speed reader or photoelectric readero 

When the Load Mode/Master Clear switch located on the Bogart an tch 

panel is put in the LOAD MODE position, all the :registers are cleared and the 

Cl~ Q Load Mode circulation bit (WOO_ w20) is set. Then N20 (Normal 
98 98 24 

Circulation of Q) is cleared, and the Input Enable and I to X circulation 

bits are set. An input Enable is then sent to the selected input eqUipment, 

enaoling it to read the first frame 0 When the exteme.l equipment is 

ready to transmit information to the I-register, an Input Resume signal 

is sent to the computer which clears N10 (Normal Circulation of I) ~ while 
S9 

the Input Resume circulation bit end Core N20 (Input to I) are set~ trans-
. a9 

ferring the data in the first frame 0 As soon as the Input Resume and the 

Input Enable circulation bits are set" the sequence is ready to proceedo 

At this point the tape t s seventh level (control level) determines "What 
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type of information is contained on the tape 0 There are three possible 

combinations 8 Insert Address (d Vad), Check Address (d Vbd), and Enter Data 

. (d fd.) as shown in the example belowo The d 1 position is the d position of 

the preceding wordo For more information about the tape, see Paper Tape 

section in volume 30 

DIRECTION OF TAPE 
~ 

dcbad' dcbad f 

o o 0 000 

Insert Check 
Address(d ~ad) Address(d 'bd) 

Example 10 

dcbad" 

o o Level 6 
control level 

Enter 
Date.(d'd) 

(a) INSERT ADDRESS (d 1ad,) 0 - The Insert Address sequence 

puts the first storage address in the lower twelve bits of Uo If it is the 

first information on the tape , it must be preceded by ad' in the preceding 

frame. This d'sets the value of the C=register to d at the time the first 

Proceeding:with the Load Mode sequence after the Input Resume and the 

I to,x circulation bits are set, the information in I is sent to X, the C-

register is shifted to contain c, and the upper bit of I is checked for a 

" ]. "0 Since level six of the first frame of the insert address sequence 

contains a -"l«, the d level of the C-register is set and the C now contains 

cdo The information in the lower six bits of X is then transferred to the 

Q-register, Q is left-shifted six places, and the I To X circulation bit 

is set.. When the information in the second frame is read, the Input Resume 

circulation bit is seto Then the contents of I ere sent to X, the 
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C-1"egister is shifted to be, and since level six of the second frame contained 

·a Het, Cremains bco The information in the lower six bits of X is sent to 

the Q-register, Q is left-shifted six places and the I to X circulation bit is 

set.. The Input R~su.me circulation bit is set when the third frame has been 

raMo The information in I is now transferred to X, the C-register is shifted 

tt f1 

to ·~b and is unchanged because level six of the third frame is 0, the lower 

six bits of X are sent to the Q-register, Q is left-shifted six places, and 

the I to X and Input Enable circulation bits are again set. When the last 

frame is read, the Input Resume circulation bit is set, the contents of I are 

sent to X, and the C-register is shifted to d I a. The last frame contains a ., 1" 

in the control level, so the C-register is changed to d t ado The information 

in'i#he lower six bits of X is sent to Q, the Input Enable signal is terminated, 

t~· contents of Q era transferred to X, the information in the lower fifteen 

bits of X is sent to U, and the Clear Q Load Mode circulation bit (Woo. waO) 
sa sa 

is set, preparing the machine to read. the next four frames of infonnation. 

The- U-register now contains the first address and the computer is ready to 

accept subsequent information. 

(b) CHECK4\DDRESS (d~ bd) 0 - The Check Address sequence checks 

the adOL~ss in U to determine if the U-register has been advancing the address 

-each t:lme. This is accomplished by putting the correct address in A and then 

subtracting the actu.al e.d.dress contained in U 0 If the difference is zero 1 the 

a.ddress checks, but if the difference is not zero I a Load Check Fault is recog"* 

niHd and the computer stopso Each time the address checks, the P-register is 

a.d:mnoed by oneo 

Proc~eding with the Load Mode sequence after the Input Resume circulation 

bit and the I to X circulation bit are set, the information in I is sent to X, 
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the C-reg~ster is -shifted to contain c, and since the upper bit of I contains 

a "0" , C is unchangedo ·The contents of the lower six bits of X are sent to 

the Q-register, Q is left-shifted six places, the I to X circulation bit is set, 

and when the Input Resume signal is received signifying that the contents of 

the second frame is now in I, the Input Resume circulation bit is seto Then I 

is sent to X, the C-register is shifted to b, and since the control level of 

the second frame contains a ttl", the contents C?f C are changed to bd. The con-
--

tents of X are transferred to Q, Q is left-shifted six places, the next 
0-5 

frame of information is received in I, the contents of I are sent to X, C is 

shi:rted to ac and unchanged by level six of the third frame, X is again sent 
- 0.5 

to Q, and Q is left-shifted six placeso When the information from the last 

frame is received in the I-register, the contents of I are sent to X, arid C is 

shifted to d 'b. Since the control level of the last frame contains a ·'ltt, the 

contents of C are changed to d 'bd. The information in the lower six bits of X 

is sent to Q, the Input Enable signal is terminated, the contents of Q are sent 

to X and transferred to A, the U to X circulation bit (W10_ W30) is set, and 
15 15 

the Clear Q Load Mode circulation bit is activated in preparation for the next 

four frames of infonna.tiono After the U -to X circulation bit is set, the con­

tents of U are sent to X, and X is subtracted from A. If the contents of A 

are zero, the P-register is advanced by one and the Load Mode sequence continueso 

However, if A is not zero, the Load Check Fault circulation bit (W10_ yf30) is 
43 43 

set, and the computer stops. 

(c) ENTER DATA (d'd)o - The Enter Data sequence stores the in-

formation in magnetic storage at the.address deSignated by U, and then advances 

U to the next address. 

Preceding with the Load Mode sequence after the Input Resume circulation 

bit and the I to X circulation bit are set, the information in I is sent to 
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x, ~ is shifted to c and is left unchanged because the control level contains 

,,~tt a c-V 0 The contents of X are sent to Q, Q is left-shifted six places, and 
0-5 

when I is loaded with information from the second frame, the contents of I are 

sent to X. The C-register is shifted to b, level six ot the second frame is 

tt 0·' so C is unchanged, infonnation in X is transferred to Q, Q is left-
0-5 

-shffted six places, and the I register receives information from the third 

:f'rane. The contents of I are transmitted to X, C is shifted to a and un-

changed because level six is ltd', and the contents of X are sent to 
0-5 

Qo '~Then Q is left-shifted six places. When the information in the last frame 

iseent to I, the contents of I are transferred to X, and C is shifted to d' • 

•• t,wh h h Level six of the last frame contains a 1 ic changes t e contents of C to 

d l d.e Q receives information from X and then transfers its entire contents 
0-5 

toiC. The Input Enable signal is tenn1nated, the Clear Q Load Mode circulation 

bit (Woo. W20) is set, and the Write circulation bit (Woo. weO) is set. The 
S8 S6 13 13 

-Clear Q, Load Mode circulation bit prepares the computer to receive the next 

bloek of information, while the Write circulation bit initiates the Write 

sequence which stores the contents of X in memory at the address specified by 

U, ~d advances U to the next address. 

(4) C-REGISTER. - The C-register, shown in Drawing 87206, Volume 8, 

ptige 34,? is a five -stage register that controls the assembling of 24-bit words 

during input instructions or Load Mode, the disassembling of 24-bi t words 

during output instructions, the inserting of addresses during Load Mode, and 

the 'checking of addresses during Load. Mode. The five stages are lettered from. 

left to right as d', a, b, c, d. The register has left-shift properties and 

-e.l_ Me an a. to d end around shift. 

(a) BASIC PROPERl'IES OF C. - The basic storage elements of each 

bit are two magnetic switch cores. 
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(b) STAGE d' 0 - This stage receives infonnation from N (set 
67 

C to d 'd) 0 It is cleared when N31 is cleared. 
60 

(c) STAGE ao - This stage shifts irrl-ormation to d Q during 

input or output instructions under control of N31 (Shift C) and to d f during 
61 

Load Mode under control of N32 (C) Q It is cleared when N30 is negated. 
61 60 

(d) STAGE b. - This stage shifts information to a under 

control of N30 (Shift C) and is cleared when N30 is negated. 
61 60 

(e) STAGE c. - This stage shifts its contents to b under 

control of N30 (Shift C) and is cleared when N30 is negated. 
81 60 

(f) STAGE do - This stage shifts its contents to c under' 

control of N30 (Shift C). It receives information from 100 during Load Mode 
61 06 

sequence and is cleared by N30
• 

60 

(5) EXTERNAL DISCONNECT 0 - The External Disconnect sequence, shown 

in Drawing 87726, Volume 9, page 95, is initiated when a selected input device 

is unable to transfer information to the computero 

The External Disconnect signal clears the I to X circulation bit, clears 

the Repeat Sequence Control circulation bit, end initiates the Read Next: In-

struction sequence. 

bo ourPUT 

(1) O-REGISTER. - The output register, shown in Dra.'Wing 87078, 

Volume 8, page 28, is a seven-stage register that sends information to the 

external equipmento The converter and the electric typewriter receive inform-

at ion from the lower six bits of the O-register, but the high-speed punch 

receives information from all seven bitso A typical stage of the O-register 

is shown in Figure 4-52. 

(a) BASIC PROPERTIES OF O. - The basic storage elements of each 

bit are two magnetic switch cores. 
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(b) TRANSMISSION TO AND FROM 00 - Before transmission to 0 

the regi ster is cleared by N2o• 
50 

1. CORE 0°°0 - Inputs from X are controlled by N20 end 
0.6 60 

information'i s transferred to the external equipmento 

2. CORE cP°o - This core can be set by the manual push-

button on the indicator display panelo 

(2) OUTPUT SEQUENCEo - The Output sequence, shown in Drawing 81121, 

Volume 9, pages 98-100, transfers information from the magnetiC storage to the 

external equipment. The information is taken from magnetic storage either 'as 

a six-bit word, seven-bit word, or a 24-bit word which is disassembled and 

sent out in six-bit incrementso 

(a) SIX OR SEVEN BIT WORD. If m f 0 or 4 and the electri c 

typewriter or the converter is selected as input, then six bits of information 

are transferred to the selected equipment. If the high-speed punch is selected 

and m I 0 or 4, then seven bits of information 'Will be transferred each time 

an output instruction is progra.nnned. 

When an output instruction is programmed, the Read Operand circulation bit 

(WOo. tP°) initiates the Read sequence which takes information from magnetic 
03 03 

storage as designated by m and puts the information into the lower eight bits 

of X. The X to 0 circulation bit (W10• WSO) is then set. 
2S 29 

The Master Clear sequence sets the output Resume circulation bit (WSo- W10) 
66 66 

so: the first output instruction after the Master Clear sequence does not wait 

for an Output Resume signal. On the other hand, if there was a previous output , 
instruction, the computer must wait until it receives an Output Resume signal 

indicating that the external equipment has recorded the previous output data 

and is (ready for more information. The Output Resume signal sets the Output 

Resume circulation bit. When the X to 0 circulation bit and the output Resume 
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circulation bit are set, the O-register will, be cleared and the contents of 

the lower seven bits of'X sent to the O-register. . The Output Enable,s.~gnal 

is then sent to the external equipment. When the electric typewriter or the 
. .. 

converter are selected and receive an Output Enable Signal, they semple the 

contents of the lower six bits of the O-register) but if the high-speed punch 

was selected and receives an Output Enable sign$i, it samples the contents of 

all seven bits of the O-register. 

(b) TWENTY-FOUR BIT WORDo - If m = 0 or 4, a complete 24-bit 

word .is ~aken from memory, disassembled, and sent to the selected output six 

bits at a time •. 

When en output instruction is programmed, the Read Operand circulation bit 

(~O_ W20 ) initiates the Reed cycle which takes a 24-bit word from memory when 
.os os 

m = 0, puts the information in X, and sets the X to Q circulation bit 

(WOO- W20). Next, the contents of X are set to Q, the C-register is set 
25 25 

to .~'J d B:Ild shi~ed. ~o d t 
.. c, ,.th.~ .. s~~ft circuitry is set ,Q is shifted left. six 

places, and the Q to X circulation bit (W10_ WSO) is set. Next, the lower 
.- .. ' ~.... ,-"2:7 27 -'" . 

six bits of Q are sent to X, and the X to o circulation bit (W10_ WSO) is set. 
_.... .. .......... '" ... , '.. . . . .. 28·· 28 .. ' 

The Output Resume circulation bit (W10_ WSO) is set when the conditions -.- .. _. . . . eeee ' 

exist as described in the paragraph on Six or Seven-bit Words • 
•• ~. ,,_ •• ~ .. " • • ... " _ ~ v _. 

When the X to 0 circulation bit and the Input Resume circulation bit are 
... - '. '" 

set the contents of X are sent to the O-register, and since only six-bits of in-
___ " _. • • v_, _.. • ~ • "~ • , " .~ " _ .. .' r ....... 

formation were sent from Q to X, the seventh bit of the O-register will always 
....... .. , ,.. .~ .... . . .". .. ... .. .. " .-.., . .. ... . 

contain a zero. The Output Enable signal is sent to the external equipment - . ~ . ..... .... ", ." .. 

an~"", it samples' the contents .. of the O-register. Then since. C~ ~s ~' c , .... th~ ,> C~ 

register is sh~~ed to c?ntai~ d' b, Q is left-s~~f.ted six places, the lowe! 

six-bits of Q are sent to X, end the X to 0 circulation bit is set. When an 
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Output Resume signal is received, the contents ot X are transferred to the 0-

register, and an OUtput Enable signal is initiated. Because C is d 'b, C is 
- -

shifted to d 'a, Q is left-shifted six places, the lower six bits ot Q are sent 

to X, the contents of X are sent to the a-register when an Output Resume signal 

is received, and an Output Enable signal is sent to the external equipmento 

The contents ot C are d'a, so C is shifted to contain d'd, Q is lett-shifted 

six places, the information in the lower six bits ot Q is sent to X, end when 

an Output Resume signal is received, tile contents ot X are transferred to the 

a-register. An Output Enable signal is sent- to the external equipment, and 

since C contains did, the output sequence is completed. 

c. EXTERNAL FUNCTION. - The External Function enables the computer to 

select end operate the output equipment through the program by using various 

codes 0 These codes are first put in the F-register, then the computer signals 

the extema! equipment that the F-register contains e. code, end f1na.ll.y the 

external e~ipment completes the specified operation. 

(1) F-REGISTER. - The F-register, shown in Drawing 87073, Volume 8, 

page 20, is e. fitteen-stage register that controls external operatiol)so A 

typical stage o:f the F-register is shown in Figure 4-53. 

(a) BASIC PROPERTIES OF F. - The basic storage elements of each 

bit-are tva magnetic switch cores. 

(b) TRM'SMISSIONS TO AND FROM F. - Before transmissions are 

made to F.. the register is cleared by N20
0 

- sa 
1. CORE FCc. - This core transmits information to the 

external equipment. 

2. CORE ~o. - This core receives information :from the U-

register under the control of N • 
a8 
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(2) EXTERNAL FUNCTION CODES. - On sll external function 1nstruction~ 

the 15~bit F-register contains the control code which is interpreted by the 

external equipment according to the following conventionsl 

xxx xxx xxx xxx xxx 

x X X X X 

F-register (binary) 

F-register (octal) 

a b c d e 

Let the symbols a, b, c, d, end e represent the octal digit positions in 

the F-register in descending order. Then the following are generalized inter-, 

pretations for the individual digits of the external function codes. 

(a) CLASS DESIGNATION. - This digit is constantly monitored by 

all external units. When a class designation other than zero is specified, 

the unit designated in the remainder of' the code is to supercede the currently 

assigned unit in the specified class. This means that the currently assigned 

unit in that class must recognize this fact and dt'sconnect itself' from the 

line. The octal digit ~ssignments specifying the various classes arel 

o (EXTERNAL CONTROL)" - This 'condition indicates that 

an external control function is to be executed. ' The 

external control generally consists of power SWitching 

rather than switching of information signals. In the 

converter, however, three functions not considered 

I " ", strictly power switching are preceded ,by I 0 • These 

are. Write Tape Mark, Rewind Last-Selected Unit, end 

Backspace Last-Selected Unit. 

1 ,(INPUT or READ SELECTION). - The presence of the Input 

, or Read function indicates that a new external input . 

is to be connected to the input lines. 
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2 (OUTPUT or WRITE SELEm'ION). - The presence of' the 

Output or Write function indicates that a new external 

output is to be connected to the output lines. 

4 (SENSE SELECTION). - The presence of' the Sense function 

indicates that a new external unit is to be connected to 

the external sense line. 

:;, 5, 6, 7 (EXTEmmL FAULT) 0 - The presence of' anyone of' 

these conditions will c~use the external fault line to 

be energized. 

(b) CONTROL DESIGNATION. - This digit of' the external function 

code deSignates which of' the external control units will interpret the rema.in-
- -

~r of' the digits. The f'ollowing list assigns a value for this digit to each 

of the types of external equipment. 

1) REIAY CONTROL 

2) TYPEWRITER CONTROL 

:;) P.APER TAPE CONTROL 

4) CONVERTER CONTROL 

(c) FUNCTION DESIGNATION. - The Function digits are interpreted 

by -the various external control units and specify the particular function to 

be perfonned by that unit. 

In the case of control designators (digit b) other than 4, these functions 

consist of starting or stopping motors and energizing or dropping relays. For 

control designation 4 (converter)· the functions are as follows. 

0 - perform function (digit a) on last-selected unit 
--

1 - p~~~o~ ~~~;?~ (digit ~) on selected card reader 
.... ~. 

2 - perform function (digit a) on selected tape unit 
, .. ,~, ,', 

:; - perform function (digit a) on ca.rd. punch 
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4 - perfonn function (digit a) on printer 
. .. ~ 
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Since the Sense condition (digit e.=4) vill not change the status of any 
- -

piece of equipment, the control designator is not "iI@ortant (as evidenced by 

X in the c digit position) for this operation. 

(d) SUB-UNIT DESIGNATION. - These digits are interpreted by the 

various external units end may have a d~fferent meaning in each case. For the 

magnetic tape portion of converter control, this specifies the number of the 

tape ~it) for relay control, this specifies the relay number. 

(e) sania as (d) above. 

(f) LEGAL CODES. - The following is a list of codes recognized 

by the externa.l equipment and the function of each code. An X represents 

an insignificant octal digit for the case being considered. 

o X X X X EXTERNAL CONTROL 
) 

o ~ X X X External Relay Control 

o 11 0 1 Energize Relay One 
o 1 501 

01102 Energize Re~ Two 
o 1 5-02 

o 11 0 3 Energize· Relay Three 
o 1 5 0 3 

01201 Release Relay One 
01601 

01202 Release Belay Two 
01602 

01203 Release Belay Three 
o 16 0 3 

o 2 X X X Typewriter Control 

021XX 
o 2 5 X X 

022XX 
o26xX 

Start Motor 

Stop Motor 
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o 3 X X X Paper Tape Control 

o 3 1 X 1 Start Photoelectric Reader Motor 
035Xl 

o ,3 1 X 2 Start High-Speed Reader Motor 
035X2 

g ~ ~ i t Start High-Speed Punch Motor 

o 3 1 X 1 start ALL Motors 
035X1 

g ~ ~ i ~ Start Photoelectric Reader/High-Speed Punch Motor 

g ~ ~ i ~ Start High-Speed Reader/High-Speed Punch Motor 

032Xl 
o 3 6 X 1 

Stop Photoelectric Reader Motor 

Stop High~Speed Reader Motor 

stop High~peed Punch Motor 

o ,'~ X1. o ,6 X 11 stop ALL Motors 

g ~ ~ i ~ Stop Photoelectric Reader/High-Speed Punch Motor 

o 3 2 X 6 o ~>6 X:" Stop High-Speed Reader and High-Speed Punch Motor 

o 4 X X X Converter Control 

04000 
04010 
o 4 0 2 0 Turn off I/O indicator 'of last-selected unit 
04030 

04001 
04011 o 4 0 2 1 Write Tape mark on last-selected tape 
04031 
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04002 
o 4 0 1 2 Rewind last selected tape 
04022 
04032 

04003 
o 4 0 1 3 Turn on I/O Indicator of last-selected unit 
04023 
04033 

04004 
o 4 0 1 4 Backspace last selected unit 
04024 
04034 

04100 
o 4 1 2 0 Select Card reader 
o 4 1 4 0 
o 4 1 6 0 

04200 
o 4 2 2 0 Select tape unit 0 
04240 
04260 

042 0 1 

o 4.2 2 1 Select tape unit 1 
0~241 
04261 

0.2·02 
O"~a22 1 t2 o ~12' 4 2 Se ect tape uni " 
04262 

04203 
04223 . o 4 2 4 3 Select tape un~t 3 
04263 

04204 
04224 . 
o 4 2 4 4 Select tape un~t 4 
04264 

04205 
o 4 2 2 5 . 
0'424 5 Select tape un~t 5 
0"4265 
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04206 
o 422 6 o 4 2 4 6 Select tape unit 6 
04266 

04201 
04221 
o 4 2 4 1 Select tape unit 7 
04261 

o 421 0 
042 :; 0 
o 4 2 5 0 Select tape unit 8 
04270 

04211. 
042 :; 1 o 4 2 5 1. Select tape unit 9 
04271 

04:; 0 0 
o 4 :; 2 0 
o 4 :; 4 0 Select Card Punch 
o 4 :; 6 0 

o 4 4 0 0 
04420 
o 4 4 4 0 Select Printer 
o 44 6 0 

1 X X X X INPUT SELECTION 

4-216 

1. 2- X X X 'l'ypevri ter Input 

1 2 X X X Select typewriter input 

1 :; X X X Paper-Tapelnput 

l:;XX1. 
1. :; X X 5 Select Photoelectric reader input 

1.:;XX2 
1. :; X X 6 Select High-Speed reader input 

1. 4 X X X Converter Input 

141. 0 0 
14120 
1. 4 1. 4 0 Read cards 
141.60 
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14200 Read tape unit 0 (coded) 
14220 

14201 Read tape unit 1 (coded) 
14221 

14202 Read tape lUlit 2 (coded) 
1 422 2 

14203 Read tape unit 3 (coded) 
1 4 2'2 3 

14204 Bead tape unit 4 (coded) 
1422 4 

14205 Reed tape unit 5 (coded) 
1 422 5 

14206 Reed tape unit 6 (coded) 
1 42 2 6 

14207 Read tape unit 7 (coded) 
'1 42 2 7 

1 q.--a 1 0 Read tape un! t 8 (coded) 
1 'q. 2 3 0 

1.4211 Read tape unit 9 (coded) 
l.4231 

1. "".2 4 0 Read tape unit 0 (binary) 
14260 

14241 Read tape unit 1 (binary) 
14 2 6 1· 

14242 Read tape unit 2 (binary) 
14262 

14243 Read tape unit 3 (binary) 
14263 

14244 Read tape unit 1+ (binary) 
14264 

14245 Read tape unit 5 (binary) 
1 426 5 

~ 
0 

14246 co 
Read tape unit 6 (b:t,nary) >< 14266 0.. 

4-217 



Paragraph 
4-Sc 

1 4 2 4 7 Read tapeuni t 7 (binary) 
14267 

1 4 2 5 0 Read tape unit 8 (binary) 
14270 

1 4 2 5 1 Read tape unit 9 (binary) 
14271 

2 X X X X OUTPUT SELECTION 

2 2 X X X Select Typewriter Output 

2 2 X X X Select typewriter output 

2 3 X X X Select Paper-Tape Output 

23XXX Select High-Speed punch output 

24xxx CoriverterOutput 

24200 Write tape unit 0 (coded) 24220 

2~2Q1 Write tape unit 1 (coded) 24aa1 

alt..202 Write tape unit 2 (coded) a: 4..2. 2 2 

2.4,ao3 Write tape unit 3 (coded) 2'4223 

24204 Write tape unit 4 (coded) 24224 

24205 Write tape unit 5 (coded) 24-225 

24206 
Write tape unit 6 (coded) 24226 

24:2 0 7 
Write ta.pe unit 7 (coded) 24227 

24210 
Write tape unit 8 (coded) 24-230 

24-2 11 
24231 Write tape unit 9 (coded) 
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2 4 '2 4 0 Write, tape, unit 0 (binary) 
2 426 0 

24241 Write tape unit 1 (bina.ry) 
g 4 2 6 1 

'2' 4 2 4 2 Write tape unit 2 (binary) 
24262, 

24243 Write tape unit, 3 (binary:) 
24263 

24244 Write tape unit 4 (bina.ry) 
2 4264 

24245 Write tape unit 5 (binary) 
24265 

2 42 4 6 Write tape unit 6 (binary) 
24266 

24247 Wri te tape uni t;7 (binary:) 
2 426 7 

24250 Write tape unit 8 (binary) 
24.2-70 

242 5 1 Write tape unit 9 (binary) 
24271 

2,,-,00 
24320 Punch cards 
24340 
2 4 3 6 0 

2 440 0 
2 442 ° Print on Tabulator 
24440 
2 4 4 6 0 

4xxxx SENSE SELECTION 

4lXXX Sense Relay Control 

4 1 X 0 1 Sense Relay One 

4 1 X 0 2 Sense Relay Two 

4 1 X 0 3 Sense Relay Three 

Paragraph 
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41Xll 
4 1 X :3 1 Sense Switch One 
4lX5l 
4 1 X 7 1 -

41X12 
4 1 X :3 2 Sense Switch Two 
41X52 
4lX72 

41X13 
4lX:3:3 
4 1 X 5 3 
4 1 X 7 3 

Sense Switch Three 
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4 :3 X X X Sense Paper-Tape Control 

4:3XXl 
4 3 X X 5 Sense No Tape in Photoelectric Reader 

43XX2 
4 3 X X 6 Sense No Tape in High~Speed Reader 

4 4 X X X Sense Converter Control 

4 4:. x X 0 Sense any (ot: the following) conditions 

~.q..··X X 1 Sense Read/Write Check 

4 4-x X 2 Sense I/O Indicator 

4, ... 4:.. X X:3 Sense Short Transfer 

4 4 X X 4 Sense Long Transfer 

(3) EXTERNAL FUNaI'ION SEQUENCEo - The External Function sequence, 

shown in Drawing 87725, Volume 9, page 94 J> sends an External Function code to 

the external equipment initiating a specified operationo 

The External Function (instruction 70) sets the Add B to U circulation 

-bit (Wo0o::> Wao) which,p when cleared, adds the contents of the specit:ied B-box 
02 02 

to the lower t:ifteen bits of U and sets the External Function circulation bit 

(w10_ W30)o 
30 so 

The Master Clear sequence sets the ~ternal Function Resume circulation 

bit (W10"" WSO) so the first external function instruction after the master 
err err 
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clear sequence does not wait for an External Function Resume signal. If 

there was a previous external function instruction, the compu-ter must wait 

for an External Function Resume signa.l. signifying that the previous function 

is completedo The External Function Resume signal sets the Ext~rnal FUnction 

Resume circulation bit (W10_ W30)o 
fff7 67 

When the External Function circulation bit 'and the External Function Resume 

circulation bit are set, the contents of' the lower fifteen bits of U are sent 

to the F-register, en Extemal Function Enable signal is generated, and the con-

tents of the F-register are samp1ed by the external equipmento 

(a) EXTERNAL COMMUNICATION LINESo - There are a total of" 38 

communication lines between the main machine end peripheral equipment. These' 

lines 'are directly coupled and are of identical electrical characteristics. 

(See Drawing 87543, Volume 12, page 20) . 

1. FUNCTION LINES (15). - These lines originate in the 

main cabinet and are continually monitored by the external equipment. The 

electric typewriter receives information tram 14 11nesJ. 11 line~ send informa­

tion to the high-speed raader, high-speed punch, and photoelectric' reader, 

while the converter receives 1ntor.mation from all 15 lines. 

20 FUNOl'ION E;NABIE LINE (1)0 - The External Function 

Enable line originates in the main computer and goes ·to all external equipmento 

This line is energized in the execution of an external function instruction and 

signals the external equipment that the F-register lines are ready for trans-

lation. 

3. FUN(R1ION RESUME UNE (1). - The External Func.tion 

Resume line Originates in the external equipment and terminates in the main 

cabinet. This line signals the computer that the extema.l :function has been 

performed. 
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INPUT LINES (1)0 - The input lines originate in the 

external equipment and terminate in the computer. Only six input lines trans-

f--ar information from the converter and electric typwriter, but the high-speed 

reader and photoelectric reader send information through seven input lines. 

1. INPUT ENABLE LINE (1)0 - This line originates in the 

main cabinet end signals the external equipment that an input operation should 

proceed. This line is energized directly by the input instruction code in 

the main cabinet and remains energized until the instruction is completedo 

It signals the external equipment that the computer is ready for more infor-

mation. 

6. INPUT RESUME LINE (1)0 ... The Input Resume originates in 

the cexter.nal equipment and tenninates in the computero This line is activated 

-and de-activated at a rate determined by the input equipment and is asynchronous 

with the main machine. The line is activated at the time the input lines are 

to be sampled and de-activated any time before the next sample period. It 

signals the main computer that the external equipment is ready to transmit more 

infonna.tiono 

1. OUTPUT LINES (1) .... The Output lines originate in the 

computer and go to each piece of output equipment. Only six output lines go 

to ~he converter and electric typewri tar, but a.ll seven lines go to the high-

spe~d puncho 

8. OUTPUT ENABLE UNE (1). .. The Output Enable originates 

in the computer and signals the external equipment that an output operation 

shOlilld proceed. This line mOnitors the O-register lockout and is energized 

as .long as the register contains output into:rmation. 

2,0 OUTPUT RESUME LINE (1) 0 - The Output Resume line orig"" 

1nates in the external equipment and tenuinates in the main computer. This 
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line is activated and de-activated by the external equipment end :i.s asynehron-
.. ",' ~ ~ 

ons ~th the main machin~o Tl?-e line is activated at th~ time the output lines 

are sampled and de-activated any .t1m~ before the next sample periodo It signals 

, the computer control that the output register is available for a new entry. 

10 0 EXTERNAL SENSE LINE (1) Q ... The External Sense line' 

originates in the extemaJ. equipment and' tenninate,s in the main computero 

This line monitors an external eonditi~n as specified by a previoUs exter.rial 

function and is available for sensing by the Sense Jump instruction. 

ll. EXTERNAL DISCONNECT LINE (1) 0 - The External Diseon-

nect originates in the external equipment and is energized in the event that 

the external unit can no longer participate in a. transmission with the computer 

It clears the Repeat bit register and initiates the Read Next Instruction 

sequence after the completion of the current instruction cycle. 

120 EXTERNAL FAULT LINE (1). - This line originates in 

the electric typewriter and terminates in the main cabinet. It is energized 

when an externeJ. code of 3 X X X x, 5 X X X X, 6 X X X X, or 7' X X X X is 

called foro When energized it causes the computer to stop operation and turn 

on the Temperature Fault (TFr) lighto Fault lines to the Converter and PI' 

Cabinet are included in the External Connnunications Cable, but are not 

connected to those unitso 

4-60 POWER AND COOLING 

a. GENERAL. - The Bogart computer is designed to operate on the power 

usually avail8.ble from power companies in the U.S~ 6 ll5 vac,? 60 cps one-phase 

poWe'r, and 208 vae, 60 cps, three-phase power. The ll5 vac is used directly 

to operate certain non-computing elements such as blowers, interlock relays, 

etc. ~ ,order to obtain a voltage which is free from power surges" reliably 

constanti and more easily filtered after rect1ficat1onJ) the 208 vac is converted 
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to 200 vac, 400 cps, three-phase power by a. motor-generator combinationo 

This power is then voltage-regulated and distributed to various transformers 

-and l'ower supplieso 

In order to prevent excessive ambient temperatures from damaging compon-

-ents, a. cooling system is furnished with the Bogart computero The hea.t produced 

by~ower dissipation in electronic circuits (e~ecially vacuum-tube filaments) 

is earried off by forced convection of water-cooled airo 

-' bo POWER SUPPLY AND DISTRIBUTIONo - The main power supply for the Bogart 

computer consists of a motor=generator which furnishes regulated a-c power to 

-all "Units 0 Each unit then converts the e.-c power into its required a.-c and d-c 

vol~ages by using transformers and rectifier circuits. 

The various motors are run by unregulated a.-a power from the house wiringo 

Fuses and circuit breakers are used for overload protectiono 

(1) PRIMARY POWER DISTRIBUTIONo ... The house wiring furnishes 208 

vac, ~hree-p~se p 60 cps and 115 vac, one-phase, 60 cps power for operation of 

the cO~\l~~o The 208 vae power, supply» shown in Drawing 87741, Volume 11, 

page 5, ope~tes the motor-generator that supplies the 200 vac, 400 cps power. 

This power is regulated by the exciter-regulator before it reaches the comput­

ingequipment 0 The 115 we power is distributed and used as described in 115 

vacDistribution sectiono 

(a) MaroR-GENERATORo - This unit furnishes 400 cps a-c power 

to ~he main computero A 2,-horsepower induction type motor~ operating on 208 

vac, three-phase, 60 cps~ drives the generator at 3510 RPMo The generator is 

a 15 kvaj 200 volt, 400 cpSJl three--phe.se inductor a.ltematoro (See Figura 

4-54) 0 
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Figure 4-54. Motor Generator and Exciter Regulator Controls 
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(b) EXCITER-BEGUIATOR. - The exciter-regulator pro'~ddes a plus 

or minus one percent voltage regulation under all balanced loading conditions 

within the alternator rating. On the panel of the regulator are found three 

metors8 (a) Output ammeter, indicating Line CUrrent) (b) Output voltmeter, 

indicating Line Voltage:J (c) Vibrating-reed output' frequency meter, indicating 

Line Frequency. In addition to the meters~ there are three switches, one Off/ 

-On tnd tchJl an AutomatiC/Manual swi tch which has associated rheostat controls 

for 'both Automatic and Manual adjustments, and the Local/Remote Swi tcho The 

LO~Remote switch is a modification which allows the voltage to be ~gulated 

by a remote vOll tage control located on the distribution panel of the main com­

puter 0 See Drawing 87741 JI Volume 11 ~ page 5 fOlr a cireui t diagram of the motor-

genGl'rator, regulator, and associated circuitso The input to the regulator is 

115''VaC, single-phase, 60 CpSo The exciter-regulator is used to supply direct 

curr-ent to the alternator field and to maintain the terminal voltage constant 

as .!.oad is applied or removedo The exciter section rectifies the 60-cycle 

pO'W'er and delivers direct current to the alternator fieldo The regulator sec-

tion -rectifies the alternator output voltage ~ compares it to a standard direct 

current voltageJ) and controls the exciter so that the proper amount of direct 

eu~nt is fed into the alternator fieldo 

''The electronic exciter.,regulator is a non ... overloading type. That is, with 

'Wl:t~ power factor or le.gging POJWeI" factor loads.l> it 'Will supply inc.reasing 

current "00 the field up to the limit of regulationo If the alternator is 
. .' , -\ . 

loaded beyond this p(1)int., no more excitation current will flow and the al ter-

nator will act as if excited constantly with naxinrum rated field current. 

No immediate damage will occur to the alternator unless this condition is. 

cont:tnous~ whereby an excessive temperature rise in the field winding may 

Occur. Daring this condition, the alternator output voltage will drop sharplY;:i 
.f 

4-226 

. .~ 



. '"NAVY· MODEL CXPK 
THEORY OF OPERATION 

Paragraph 
4-6b 

recovering as the load. is reduced to ,the machine ratingo 

(2) STANDARD CHASSIS POWER SUPPLYo ao The regulated 200 wc supply 

is distributed to each of he chassis as sho'Mn in Drawing 87742p Volume ll~ 

page 60 . '!'here it is converted into +45Ov, +200v~ +Bv, and 603 vae power 

supplies, a.s ~hown in' :Drawing 87~:3:03~, Volume 11, page 10 ' The +45Ov supply is 
, . 

produced from the' 200. ~c supply through a step""up, delta.-wye transformer, and 

a. :full-wave rectifier~:trcuito The +2~Ov supply is produced f'rom the 200 vae 

supply, 't~ a. ~l~a~~ transformer an.d a fuJl"!'~ve rectifier cireuito The 

+45Ov and +20Ov p~r. sup;>liese.reused i:n producing the -,Read end Transfer 

Pu.ls~ , ,circuits 0' 

The +Bv suPPl.y is ,pI'Qdueec(from the 200 we supply through step-down, 
. , . 

delt~~star transfo~r and afull~wave re~tifier eircuito This supply is 

fu.r?:1ish~d to. bus bars which distribute the +Bv to the circuit cardso The +Bv 

~~mChassis 10100 is ~so used on Console manual s~tches as shown in Drawing 

1.212790 ~ 6.? _~c four'!"~ere supply is produced from the 200 vac source 

through a step-down, delta-wye filament transformer and is distributed to each 

of the eight vacuum tubes. 

(3) CLOCK CHASSIS POWER SUPPLY 0 - The clock ~a.ssis uses the same 

power supplies as the main c~ssis as described in the preceding sectionQ 

However, it also uses a 603 vac, 10-ampere power supply which is produced from 

the regulated 200 vac supply through a step-daw.n~ delta~delta filament trans~ 

former and furnished to bus bars located on the chassis 0, This circuit is 

shown in . Drawing 87140, Volume 11, page 2,0 

(4) CENTRAL POWER SUPPLYo - The regulated 200 vac power supply is 

converted into +15Ov i +6Ov, ~v, ... 14v, =25v, -lOOv, -125v,)) -165v, 603 ~c~ and 

various bias voltages as shown in Drawing 121290, Volume 11, pages 3 and 40 
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These voltages are distributed to each chassis that is associated with memory. 

The +15Ov +60, -lOOv, -125v, and -165v supplies are produced from the 200 wc 

supply through step-down, delta-wye transformers and full-wave rectifier 

circuits. The Read, Write and Inhibit bias voltages are taken from the -125v 

SOllrce and controlled by Helipots R01, R02, and R03, Drawing 87742, mounted on 

the circuit breaker panel in the main cabineo 

-- The -+Bv 1 ~14v and -25v supplies are produced from the 200 vac supply 

thrOugh step-down, delta-star transformers and full-wave rectifier circuits. 

The---Sense Amplifier bias voltage is taken from the +Bv supply and is controlled 

by Helipot R04 mounted on the main cabineto 

The 6.:5 vac supply is produced from. the regulated 200 vac supply through 

a 6tep-down~ delta .... \1ye fil.ament transformer. This supply is distributed to 

bus bars. 

(5) CARD VOLTAGE SUPPLIESo - Some electronic circuits in Bogart re-

quire voltages other than those produced by transformer-rectifier circuits. 

These circuits have low power and stability requirements p so that voltages 

obtained from resistors used as voltage dividers are sufficient. 

Stab!li ty to high-frequency load variation is provided by a small con­

denser in pa.reJ.lel with the load. All vOll tage divider type supplies are 

located on the printed-circuit cards which they serve. 

-Each standard magnetic sWitch card has a voltage divider which produces 

+2 "Volts from the +8 volt supplyo The +2 volts power is also produced on the 

M9..maal Set and Indicator Light (MoLo) cards. 

All transistor switch cards and resynchronimation delay cards 4009 and 

4oJ..{) hold dividers which produce -3 volts from the -15 volt supply. 

Type 40]2 line axi vers ~ and 9118 and 9122 pulse stretchers:J contain d1 vid­

er-type supplies which produce +5 volts from the +8 volt supplyo 
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Card type 4005 contains a + 100 volt d1 vider supply and. no other circuitry C) 

The +100 volts is produced from the +200 volt supply. 

(6) 115V lAC DISTRIBUTIONo - The unregulated 115 ve.c, single-phase, 

60 cps power supply is taken directly f'rom house wiring and used to operate 

various pieces of equipmen"\io 

The 115 wc supply is distributed to four service outlets,. the memory 

warm:l.ng coils,' and fGur ·1/8 ~: blower motors in the main· cabinet ,a~ shown in 

. Drawing 87742, Volume ll, page 60 This supply is also sent to the Running 

Time Meter in the' console ca})inet as . shown in Drawing 87745, Volume il, page 

11, and to the extemal .. equipmento 

The 115 vae supply is used in the typewriter cabinet to run the electric 

typewriter mo.tor, as shown in D~ng 121299, Volume 12, page 230 The 115 vac 

supply is d1ssributed in the. paper-tape cabinet to the photoelectric reader 

motor, the high~speed reader motor i the high-speed punch motor, the two fan 

motors, and the high-speed l1ghto 

c.. PROTECTIVE MECHANISMS 

(1) OVERLOAD PROTECTIONo - Fuses and a-c circuit breakers are used 

in the Bogart computer to prevent the flow of' excessive currents which might 

damage eomponentso An a~c ~1rcuit breaker opens the circuit in the presence 

of' excessive current, and is reset by .s1mplyl'~etting the handle back to the 

ON position •. It can be used optionally as a svitcho Indica.tors in the form 

of' small colored lights are used to signify various conditions throughout the 

computero 

(a) PRIMARY SOURCE. - Primary overload. protection is provided 

by a. 50-ampere House. Protection Circuit Breaker (Drawing 87741, Volume 11, 

page 5) in the output lines of' the 200 vac, 400 cps alternator which protects 
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(b) MAIN CABINEl'. - AC circuit breakers are pyramided within 

the main cabinet so that each individual chassis is protected from damage, and 

the overall current is limited to a safe value. This protection system is 

shown in'h:raWing 87742, Volume 11, page 60 
, 
',\ 

The 200\v'8.c, 400 cps power is run directly into the main cabinet, where 
\ 

\ 
it is divided to\go to the external equipment and to the circuits of the main 

\\ 
cabinet. When powe~ is supplied to the main cabinet, the two red Power On 

" 
lights on the front of the cabinet are lit. A 25-ampere circuit breaker (CB20) 

is included in the lines of the interior of the main cabinet, so that if the 

total current to the main cabinet components exceeds 25 amperes, the power is 

removed from these circuits. An identical circuit breaker (CB22) protects the 

external equipment from overeJ.l C;urrent exceeding 25 amperes. 

Each chassis (10100-11900) within the main cabinet is protected by its 

individual 1.5-empe~ circuit breaker (CBOl-19).. When any one of these chassis 

circuit breakers is open, the Tripped Breaker indicator light, located above 
. - -

the line voltmeter on the distribution panel, is illuminated. 
. . 

In addition to the 200vac, 400 cps power, the main cabinet is wired for 

115 vac, 60 cps power. This is s~nt to the motors, etc., in the exte~ 

eqUipment, and is used by the blower motors within the ma.:ln cabinet. Each 

branch of this circuit contains a 25-ampere circuit breaker mounted on the 

distribution panels CB21 for the main cabinet, CB23 for the ~xternal_ ~quipment. 

(2) EMERGENCY SWITCHES AND INT,ERLOCKS) - In addition to fuses and 

c~rcu~t~reakers which protect the electrical components in the system, the 
following means are provided to insure the safety of personnel and are sh~ 

in Drawing 87742, 

(a) EMERGENCY OFF SWITCHES. - Fo~ of these switches, located 
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on the circuit breaker panel directly behind each of the cabinet doors, can be 

used to remove 400-cycle power from the entire system by interrupting the hold-

ing-coil circuit to the motor generator seto These red push buttons are evenly 

spaced along the panel so as to be readily accessible to persons working in or 

near the main cebineto 

NOTE 

THESE EMERGENCY BUTI'ONS DO Nor REMOVE 
115 VAC, 60 CPS POWER FROM ANY UNITS 
IN THE SYSTEM) 

(b) TEMPEMTURE INTERLOCKS 

10 LOW -TEMPERATURE THERMOSTATS 0 - Evenly spaced along the 

back of the circu_it breaker panel are eight lo'W-tezqpe,rature thermostats. When 

the temperature of the air surrounding one or more of these devices exceeds 
( 

95'T C) ~ the thermostat trips and a relay puller in the console iA energizedjl 

causing the Temperature Fault indicator (FLT) on the display panel to :register 

a "1" instead of a normal "0'\ At the same time~ one or more of the eight 

amber indicators on the front of the panel are illuminated, indicating which 

thermostat has been affected by the excessive temperature. The fault stops 

the computer as explained previously. When the air around the low-temperature 

thermostat falls below 94 O:F 0 ~ the device automatically is reset, and the amber 

light is extinguishedo 

20 HIGH-TEMPER:A.TURE THERMOSTATSo - The brackets which 

support the third and the seventh low-tem;perature thermostats also carry the 

high-temperature thennostatso When the temperature in the cabinet exceeds 

120~~" either of these two devices will open the holding-coil circuit to the 

motor generator, thereby removing '+00 cycle power from the entire system 0 

These interlocks do not affect the 115 vac~ 60 cps distribution to the computer 

or its auxiliary equipmento 
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d. COOLING SYSTEM 
' .. '. 

(1) DESCRIPTION .... The cooling system:requires 46'T. to 50~o 

cooling water and a room temperature at approximately 80'? 0 maximum. at 60 

percent relative humidity or lower. 
--- ._---

The cooling system of the main computer cabinet-consists of e. water cooling 

eoil and four blowers which circulate the air in a closed type system. The 

vater-cooled air streams enter the chassis side of the cabinet through adJust-

able overlapping grills located at the bottom of each bay and recirculate 

through the cooling coilo 

Special grilled tops and bottoms are provided for the cabinets in case the 

eontractor has air cooling plenums available on which to mount the electronic 

cabinets. 

The other cabinets of the computer system are individually air cooled by 

blowers which circulate the room a.iro 

~ ,p(j)rti~n of the me.in_ cOl!lPuter ,cabinet in back of the cha.ssis houses air 

filters, one 'Water coil, four blowers, water flow controls, and e. condensate 

drainage system. The air filters, which prevent dust from enetering the equip· 

mant, ere oil-coated aluminum anodized filters of the type that can be cleaned 

and re-used. Four blowers, wi~h e. cape.c~~y of about 1,800 cfm. JI are driven by 

four J/8 ~ motorso One six ... rowjl five-f?ot, counter-flow water coil is located 

between the filters and blowerso The rate of water flow through the cOils is 

determined by the temperature of the air as it enters the cooling coils 0 The 
. .I 

temperature is detected by a thexmostat which, in turn, controls a modulating 

valve in the input water line. If the water content of the room air is rela-

tivoly high, and the ca.binet doors ere opened, the moisture is removed by con­

densation on the cooling coils as the air temperature is dropped below the dew 

pOint. The condensa.te is collected and carried away by a floor drain. In the 
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closed system an equilibrium is soon reached and if the doors remain closed 

very little condensate 'Will be formado 

(2) AIR CONDITIONING DATAo - Requirements and data for the air con-

ditioning system are as follows8 

o 0 o 0 000 0 o 0 0 0 Cooling water temperature (Input) 

Cooling water pressure (Input) o 0 o 0 0 0 o 0 o 000 o 0 60 psig mino 
100 psig mB.Xo 

Pressure drop through cooling system 0 0 0 0 0 0 00,0 0 0 40 psig maxo 

Rise in tempo of cooling water during heat exchang~ 0 0 0 9~o 

Air temperature in computer 0 0 0 0 It o 0 0 0 o 0 0 0 

Maxinrum allowable relative l?:umidity 

o 0 64~o to 80~o 

o 60% ' 000 000 0 000 

Blower capacity 0 0 0 0 0 o 0 0 0 0 0 o 0 o 0 o 0 o 0 o 0 

It is to be noted that the temp'erature in the main computer cabinet, must 

be kept under 95"F 0 since low-temperature interlocks are provided to prevent 

operations at higher temperatureso 

If the temperature should exceed 120oFo the high-temperature interlock will 

cut off the power supplyo 

The customer must supply the cold water~ insulated cold water pipes, and 

condensate drain pipeso It is recommended that the condensate drain be at 

least a 3/4 inch ~ipeo This is a gravity system with the condensate collecting 

pan located about 6 1/~ inches a~o;e the :f'loo:r~ Although the co~d. wa.ter_ connec­

tions to the computer are 1 ~4 inch NPT (male)~ the cold water pipes running to 

and from the computer and cold water pump should be of such a. size as to pro-

vide a pressure drop of 40 ps1g through the computer cooling coils to allow 
, -

control ,with the modulating valveo Pressures greater than 100 psig should be 

avoidedo. 
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Program control 
Resynchronizing 

• • • • • • • • • • • • • • • • • • • • •• 2 
2 ...................... 

Special ••••••••••••••••.•••.••••••••• 
2 
4 

Stan.dard ....••••....•.............•.. 2 

Circuit symbol assignments, •.••••••••••••. 2 
Converter •.•••••.•.•••••••••••••••.•• 5 
Electric Typewriter •••••.•••••••••••• 5 
External Equipment •••••••••.••••••••• 3 
Paper Tape ••••••••••••••••••••.•••••• 5 
JI1a.in cOIIIputer ••••••••••••••••••••••.• 5 

Clear A control ••••••••.••••••••.••••••••• 2 

Clock oscillator, waveforms •••••••••••.••• 2 

Clock, master ••.•.•••••.••••.••••••••••••• 1 

Clock system, master •••••••••••••••••••••• 2 

Clock timing diagram •••••••••••••••...•••• 2 

Codes, 
Color ...•............................. 4 

4 
External Function •••••••••••••••••••• 2 
Instruction •••••••••••••••••••••••••• 2 

COII1.Plement A instruction (l4) ••••••••••••• 1 

Complement Q instruction (24) ••••••••••••• 1 

Computer Console panels ••••••••••••••••••• l 

Computer terms •••••••••••••••••••••••••••• 1 

Console, Bogart ••••••••••••••••••••••••••• 2 
Cable connections •••••••••••••••••••• 1 
Maintenance •••••••••••••••••••••••••• 4 
Panels ••••••••••••••••••••••••••••••• 4 
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4-lc 
4-lc 

4-2b 

4-lc 
4-2d 
4-2b 
6-4 
4-1c 

4-1b 
7-3a 
7-4a 
5-la 
7-5a 
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1-5d 
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6-3e 
4-5c 
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4-46 

6-18 
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4-91 
2-17 
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3-14 
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·Con-Con. 

SUBJECT VOL 

.Console cabinet, floor plan and elevation • I 

Console control panel, lights and switches 4 

Control, 
Bit indicator information •••••••••••• 4 
Clear A •••••••••••••••••••••••••••••• 2 
Circuitry, shift ••••••••••••••••••••• 

Panel, Console •••••••.••••••••••••••• 
Panels and plugboards •••••••••••••••• 
Program. •••••••••••••••••••••••••••••• 
Section •••••••••••••••.•••••••••••••• 

Sense A .............................. 

2 
1 
2 
3 
2 
1 
2 
2 

Control circuits, ••••••••••••••••.•••••••• 1 
Digi t plane ••••••••••••.••••••••••••• 
Operating ............................ 

Controls, 

2 
2 

Arithmetic Sequence •••••••••••••••.•• 1 
2 

First level •••••••••••••••••••••••••• 2 
Operating •••••••••••••.••.•••••••••••• 2 
Second level •••••••••••••••••••••.••• 2 

Conversion, Decimal to Octal table •••••••• 1 

Conversion from one number system to 
another .................................... 1 

Converter, 
Cable connections •••••••••••••••••••• 1 
Control panel (maintenance) •••••••••• 4 
Control section •••••••••••••••••••••• 3 
Driver chassis ••••••••••••••• •.• • • • • •• 4 
External Function translator •••••••••. 3 
External lines ••••••••••••••••••••••• 3 
Information section •••••••••••••••••• 3 
Parity bit •••••••.•••••••••••••••••••• 3 
Plugboards ••••••••••••••••••••••••••• 3 
Plugboard No.1 •••••••••••••••••••••• 3 
Plugboard No.2 •••••••••••••••••••••• 3 
Read ••••••••••••••••••••••••••••••••• 3 
Read Binary •••••••••••••••••••••••••• 3 
Read Coded ••••••••••••••••••••••••••• 3 
Read;Ylri te input •• ~ ••••••••••••••••••. 3 . 
readj\-lri te output ••••••••.•••••••••••• 3 
Right front view ••••••••••••••••••••• 3 
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l-5c. 
4-4c 
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1-5c 
4-3h 
4-2d 
4-2f 
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6-9a 
5-4b 
6-4f 
5-4b(1) 
5-4b(3) 
5-4c 
5-4c(5) 
5-4c(3) 

5-4b) 

5-4c(1) 
5-4c(4) 
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4-90 
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2-19 
6-129 
5-97 
6-87 
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5-105 
5-106 
5-97 
5-108 
5~110 

5-103 
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J\A VY ~10DEL CX PK 
INDEX 

SUBJECT VOL PARA 

Converter, (cont d) 
Right new ............................. 3 
Sense ...................................... 3 
Select register "'."' •..••..•.•••••••••.• 
Translator ~coder ••.•••••..•••••••••. 

Vrite 
vlri te Binar~r .............................. . 
Tl'iri te Coded ................................ . 

3 
3 
3 
3 
3 
3 

Converter cabinet •••••• "' •••• o,.o,............ 3 
3 

Floor plan and elevation •••••••••••••• 1 
1.1:iintenance ••••.•.• o,.o, .... o, .•.•.. o, •... 4 
Power distribution •••••••••••••.••.•.• 3 
Po,\·rer supply ••...•.•.••• o,.o, ••• o, •••.• o,. 3 

Cooling, power ana.. •.••.••... o,.o,o, •• o,.o,...... 2 

Cooling system ••.••••.•••...•••.•••••••••.• 1 
2 

Core, 
Diagram of Nagnetic Switch •.•• o,....... 2 

5-4b(1) 
5-4b(2) 
5-4c(2) 

5-4b(1) 

5-4a 

6-9 

5-4d 
4-6 

1--6f 
4-6d 

1-1a.gnetic ..• o, .••••• o, ..... o, .•• o, •••••••••• 2 4-1c 

Core material, Hysteresis loop of •••••••••• 2 

Core s:ym.bols ••••.• o, •••• o,.o,o, •••••••• o, ••• o,.o,. 2 
Counter, Repeat (B ) ••••••••••••••••••••••• 2 4-2c 

7 

C-register ••••••••••••••••••••••••••••••••• 2 4-5a 

Current Diverter (type 9522) ••••••••••••••• 4 6-4e 

FIGURE 
T .lffiLB -*' 

5-28 

5-32 

5-32 
5-34 

5-26 
2-6 

5-6 

4-7 

4-8 

4-1 

Current Diverter (type 9522), waveforms •••• 4 6-19 

Current Generator (type 94l1) •••••••••••••• 4 6-4e 

Curremt Generator (type 94l1), Schematic 
Diagram . c 4' • C. .................... e _ • • • • • • • • •• 4 

Current GeneratorC type 94ll), waveforms •••• 4 

Diagrams, 
External Equipment •••••••••••••••••••• l2 
General Circuit ••••••••••••••••••••••• II 
Instruction Sequence and Timing ••••••• 9 
Logic and Command Logic ••••••••••••••• 8 

. Printer Circuit Schematic ••••••••••••• 20 

6-16 

6-27 

Con:...Dio 

PAGE 

5-95 
5-97 
:;;-97 
5-103 
5~107 

5-97 
5-107 
5-109 

5-92 
5-93 
2-8 
6-128 
5-15 
5-113 
4-223 

1-25 
4-232 

4-22 
4-18 

4-23 

4-14 
4-67 

4-204 

6-65 

6-67 

6-60 

6-62 

6-64 
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Dig-Ext _ 

SUBJECT VOL 

Digit plane control circuits •••••••••••••• 2 

Diode card (type 85003) •••••••••••••.•••.•• 4 

Divide Step instruction (61) •••••••••••••• 1 

Division (s~quence) ••••••••••••••••••••••• 2 

Driver chassis, Converter ••••••••••••••••• 4 

Drive lines ••••••••••••••••••••••••••••••• 2 

Electric typewriter •••••••••••••.•••.••••• 3 
~intenance ••••••••••••••••.••••••••• 4 
Encoder •••••••••••••••••••••••••.•••• 3 

enter A instruction (11) ••••••.•.•••••.••• 1 

Enter B instruction (01) •••••••••••••.•.•. 1 

Enter Q instruction (21) •••••••••.•••••••. 1 

Equal Skip instruction (64) ••••••••••.•••• 1 

Equations and basic circuits, correlation of 
2 

Equations, 
Converter •••••••••••••••••••••••••••• 5 
Electric typewriter •••••••••••••••••• 5 
Logical ••••••••••••.•••••••••••••••• e. 2 
Paper tape •••.••••••••••••••••••••••• 5 
~in cOIIlputer •••••••••••••••••••••••• 5 

ExCiter/regulator ••••••••••••••••••••••••• 2 

ExCiter/regulator and motor/generato~ 
controls 0 ••••••••••••••••••• '0' • • • • • • • • • • • •• 2 

External disconnect •••••••••••• 0 •••••••••••• 2 

External equipment ••••••• o. . . . . • . • . • • • . . • .. 4 

External fault ••••••• 0..................... 2 

External function •••••••••••••••••••••••••• 2 
Codes •••••••••••••••••••••••••••••••• 2 
Instruction (70) ••••••••••••••••••••. 1 
Registe.r (F-register) •••••••••••••••• 2 
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-M VY MODEL ex PK 
INDEX 

SUBJECT VOL PffRA 

External function (con't) 
Sequence ............................. 2 
Translator (Paper Tape cabinet) •••••• 3 
Translator (Electric Typewriter 
cabinet) ............................. 3 

Failures, isolation of •••.•••••••••..••••• 4 

Fault controls ••••••••••••••••••••••••.••. 2 

Fault detection •••.••••••••.••••.••••.•.•. 2 

Feed Pulse shaper (type 85005) ••.....•.... 4 

Feed Pulse shaper (type 85005), 
Schematic Diagram •.•••.••••.•••••••.. 4 

Feed Pulse shaper (type 85005), waveforms. 4 

Floor area dimension and weights of 
maj or units •.••.•.•••••.•••••••••••••••••• 1 

Floor plan and elevation 
(refer to specific unit involved) 

F-register, (see also External Function 
register) ••••••••••.•••••••••.••••••••.••• 2 

First stage of ••••••••••••••••.•••.•• 2 

Fuse locations, circuit breaker and •••.••• 4 

Generators, Read Pulse •••••••••••••••••••• 2 

Generators, Transfer Pulse ••••.••••••••••• 2 

Glossary of abbreviations and terms ••••••• 1 

Greater Skip instruction (66) ••••••••••••• 1 

High Speed Mechanical reader, ••••••••••••• 3 
3 

Operation of ••••••••••••••••••••••••• 3 
Theory of Operation of ••••••••••••••• 3 
Timing chart •••••••••••••.•••••••••••• 3 

High Speed punch, •••.••••••••••••••••••••• 4 
3 

Operation of ••••••••••••••••••••••••• 3 
(Photo) ................ « ............... c .. .. ... 3 
Theory of Operation of ••••••••••••••• 3 
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6-11b 
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6-4f 
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Big-Ins 

VOL PARA 

High Speed Resynchronization delay 
(types 4009 and 4010) •.••••••••••••••••.•. 4 

Hysteresis loop for core material •••••••.• 2 

~Blvl I/O cable, •••••••••••••••••••••••••••• 3 
Card punch ••••••••..••••••••••••••..• 3 
Card reader ••••••••••••• It It It • • • • • • • • •• 3 
Magnetic Tape unit •••••••••••• ~ > ••••• 3 
Printer ............................... 3 

Identification system, chassis and wiring • 4 

Increase B instruction (04)................ ._ 

Index designator •••••••••••••••••••••••••• 2 

Index (B) Register, complete stage of ••••• 2 

Index (B) Register No.1, first stage of •• 2 

Index Skip instruction (05) .•••••••..••••. 1 

Indicator Display panel ••••••••••••••••••• 2 

Indicator information, control bit •••••••• 4 

Inhibit transformer (type 9622) •••••.••••• 4 

Input, (section) ••••.••••••••••••••••••••• 2 
Faul t ......................... .,....... 2 
Instruction ........................... 1 
Sequence ............................... 2 
Typewriter .............................. 3 
Register (I-register) •••••••••••••••• 2 
Register, first stage of ••••••••••••• 2 

Input/Output section ...................... '. 2 
1 
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Installation •••••••••••••••••••••••••••••• 1 2-1 
Acoustic reqUirements •••••••••••••••• 1 2-7 
Building and· space reqUirements •••••• 1, 2-3 
Cooling system reqUirements •••••••••• 1 2-5 
Illumination requirements •••••••••••• 1 2-6 
Power service requirements............ 1 2-4 

Iristruction code •••••••••••••••••••••••••• 2 4-2c 

Instruction modifiers ••••••••••••••••••••• 2 4-2c 
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.NA VY MODEL ex PK 
INDEX 

SUBJECT 

Instructions, 

VOL 

Add •••••.••..•••.•.••••••.•.•.....•.• 1 
Clear ..............•....•..•......... 
Complement ••••••••••••••••••••••••••• 
Erltero •••••••••••••••••••••••••••••••• 
EJcternal ••••••••••••••••••••••••••••• 
J1lII1p ••••••••••••••••••••••••••••••••• 

Logical product •••••••••••••••••••••• 
Read ••.•••••••••••••••••••••••••••••• 
Repertoire of ••••••••••.••••••••••••• 
Replace •••••••••••••••••••••••••••••• 
Sequenced ••••.••••••••••••••••••••••• 
Sequential presentation of ••••••••••• 
Shift ............................... . 
Skip ................•.•.•..........•. 
Stop .•...••.......................... 
Store ............................... . 
S'u.bsti tute •••••••••••••••••••••.••••• 
Subtract ............................. 
Tran.smi t •••••.•...•••..•...••••••..•. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Instruction word, portions of ••••••••••••• 1 
2 

Interlock precautions ••••••••••••••••••••• 2 

Isolation of failures ••••••••••••••••••••• 4 

J1lII1p sequence, normal ••••••••••••••••••••• 2 

J1lII1p sequence, return ••••••••••.••••••••••• 2 

K-register (see Shift CoUnter) 

Less Skip instruction (67) •••••••••••••••• 1 

Level amplifier (type 85001) •••••••••••••• 4 

Level amplifier (type 85001), Schematic 
Diagram .................................... 4 

Level amplifier (type 85001), waveforms ••• 4 

Lights and control switches on switch panel 4 

Lights and switches on Bogart Switch panel 1 

Line Driver (type 4012) ••••••••••••••••••• 4 

tbad A, Add Q instruction (35) •••••••••.•• 1 
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1-40 
1-4; 
1~4h 
1-4f 
1-4j 

4-2f 

6-11 

4-2d 
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6-4f 

6-4g 
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4-23 

6-22 
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6-31 
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1-16 
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1-15 
1-6 
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1-10 
1-16 
A-1 
1-14 
1-15 
1-17 
1-9 
1-14 
1-13 
1-14 

1-7 
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6-135 
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6-78 

6-107 

3-16 
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Loe.:5. P. instructio:2 (12~' .•••.••••••••••..•• 1 

Lo~ A, Subtract Q instr~ction (45) ....... 1 

Losd. 5 instruction (02) ••••••••..•••.••••• 2 

Load. check fault ••••••••••••••••..•••••••. 2 

Load mode sequence ••...•••••••••.••••••••• 2 

Load Q instruction (22) ••••••••.•••••••••• 1 

Logic Diagram of _~ circuit •••••••••••••• 2 

Logic Diagram of Aim I';OT circuit •.•••••••• 2 

Logic Diagram of OR circuit ••••••••••••••• 2 

Logic symbols, standard •••••••••••••••.••• 2 

Logical equations ••••••••••••••••••••••••• 2 

Logical organization (of the computer) •••• 2 

Logical Product instruction (50) •••••••••• 1 

Log~cal Product (sequence) •••••••••••••••• 2 

Logical sequences for Bogart instructions • 4 

Long Shift instruction (16) ••••••••••••••• 1 

Long transfer ••••••• c •• c c ••••••••••• c • • • •• 3 

Low-speed oscillator controls ••••••••••••• 2 

Low-speed oscillator (type 4013) •••••••••• 4 

Low-speed oscillator (type 4013), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Lubrication, 
Converter •••••••••••••••••••••••••••• 4 
Paper Tape cabinet ••••••••••••••••••• 4 
Typewriter cabinet ••••••••••••••••••• 4 

!v1a.gnetic core ••••••••••••••••••••••••••••• 2 

Magnetic core material, Hysterisis 
I,oop of •••.••••.•••••••••••••••••••••••••• 2 
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Ii\OEX 

SU3J:=CT VOL 

l·S2.gnetic Core Storage (see also lI1CS) •••••• 1 
Circuits ............................. 4 
System ............................... 2 

(·!agnetic S'ivi tch c2..l"i (type 3015) ..•...•... 4 

Magnetic S'ivi tch card .( type 3015) J 

Schemat ic Diagram. ••••••••••••••••••.•••••• 4 

L>Jagnetic Switch card (type 3015) J waveforms 4 

llTagnetic Switch core, Diagram of •••••.•.•• 2 

I·fagnetic Switching circuits ••••••.•.•••.•. 4 

Magnetic Tape test •••••••••••••••••••••.•• 4 

Magnetic Tape test (program) ••••.••••••••. 4 

Magnetic Tape test (parts _G. tlo..rou&1. G) 
(floiv charts) ••••••••••••••••••••••••••••• 4 

Ivlagnetic Tape unit ••••••••••••••••••••.••• 3 

[vrain .4dder •••••••••••• eo •••••••• , • • • • .. • • •• 2 
1 

Iv!.ain Computer: 
Cable COD.~:ections •.••.•••••••••.••••• 1 
Floor plan and elevation for •••.••••• 1 
i,Ia.intenance ........................... 4 
Cabinet J rear view ••••••••••••••••••• h 
Te st .. I .............................. a 4 
Test (program) ••••••••••••••••••••••• 4 
Test, part A through V (flow charts) • 4 

Main Control tr~~slator ••••••••••••••••••• 2 

fuin fault •••••••••••••••••••••••••••••••• 2 

Maintenance, (see also specific equipment 
involved) 

Converter •••••••••••••••••••••••••••• 4 
Electric Typewriter •••••••••••••••••• 4 
Main Computer •••••••••••••••••••••••• 4 
Programs ••••••••••••••••••••••••••••• 4 
Schedules •••••••••••••••••••••••••••• 4 

Manual operation, typewriter •••••••••••••• 3 

~ranual Set and Indicator card (type £-.1-L) •• 4 

1-5e 
6-4e 
4-4c 

6-4b 

6-11 

5-5b 

4-31" 
1-5c 

6-6 
I'" __ 

0-1.1. 

4-2e 

6-9 
6-8 
6-6 
6-10 
6-11 

S-3c 

FIGUTI 

6-2 

6-1 

6-4 

4-7 

2-9 
2-2 

6-32 

6-r:: 
6-35~:; 

4-28 

6-S 

1-22 
6-49 
4-157 

6-30 

6-29 

6-33 

4-22 

6-27 

6-235 

6-237 

5-117 

4-126 
1-19 

2-17 
2-4 
6-96 
6-114 
6-136 
6-139 
6-138 

4-74 

4-90 

6-128 
·6-127 
6-96 
6-129 
6-129 

6-35 

1-13 



Man-apr 

SUBJECT VOL 

Manual Set and Indicator card (type M-L), 
wavefoI"IIls ••••••••••••••••••••••••••••••••• 4 

Master Clear sequence ••••••••••••••••••••• 2 

Master Clock system ••••••••••••••••••••••• 2 

Ma.t~ix Plane, top view •••••••••••••••••••• 2 

MCS (see also ~~gnetic Core Storage) 
Circuits ••••••••••••••••••••••••••••• 4 
Control pulses ••••••••••••••••••••••• 2 

2 
Worst Pattern test ................... 4 

Memory Plane assembly ••••••••••••••••••••• 2 

MOdifications (see specific unit involved) 

Motor Generator ••••••••••••••••••••••••••• 2 
lv1a.intenance •.••••••••••••••••••••••••• 4 

Motor/Generator and ExCiter/Regulator 
controls •••••••••••••••••••••••••••••••••• 2 

MUltiplication, Binary and Octal tables ••• 1 

MUltiplication sequence ••••••••••••••••••• 2 

MUltiply Step instruction (60) •••••••••••• 1 

Normal Jump sequence ••••••••••••••••••••••. 2 

Numbering system, 
cabinet ••••••••••••••••••••••••••••••• 
terminal board •••••••••••••••••••••••• 
unit chassis ••••••••••••••••••• • eo ••••• 

Number systems, 
conversion from one system 

4 
4 
4 

to an~ther •••••••••••••••••••••••••••• 1 
discussion of .................. ~ ..... . 1 

Operation, •••••••••••. • • • • • • • • • • • • • • • • • • • •• 1 

Q-14 

Checking contents of a storage address. 1 
Clock ••••••••••• : ••••••••••••••••••••• 
Computer Console •••••••••••••••••••••• 
Main Computer ••••••••••••••••••••••••• 
Manual load. ••••••••••••••••••••••••••• 
Paper Tape Loaa mode .................. 

2 
1 
1 
1 
1 

PABA 
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4-139 

A-51 
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NA V1' ~10DEL CXPK 
INDEX 

SUBJECT 

Operation (con't) 

VOL 

Preliminary precautions ••••••••••••••• 1 
Preparation of Group I Input/Output 
Equipment ••••••••••••••••••••••••••••• 1 
Preparation of Group II Input/Output 
Equipment •••••••• ~ • • • • • • • • • • • • • • • • • • •• 1 
Shutting down the equipment ••••••••••• 1 
Starting the program •••••••••••••••••• :1 
Typewriter •••••••••••••••••••••••••••• 3 
Typewriter load ••••••••••••••••••••••• 1 
Turning on the equipment •••••••••••••• 1 
Warm-up time •••.•••••••••••••••••••••• 1 

Operating control circuits •••••••••••••••• 2 

Operating controls ••••••••••• ~ •••••••••••• 2 

OR circuit, basic ••••••••••••••••••••••••• 2 

OR circuit, Logic Diagram of •••••••••••••• 2 

OR input to transistor switch ••••••••••••• 4 

Oscillator circuit (type 4001) ••••••••••.• 4 

OSCillator, Low-Speed (type 4013) ••••••••• 4 

Oscillator waveforms (Clock) •••••••••••••• 2 

Output (section). •••••••••••••••••••••••••• 2 

Output Fault •••••••••••••••••••••••••••••• 2 

Output instruction (72) •••••.•••.••••••••• 1 

Output Register, (O-register) ••••••••••••• 2 
first stage of •••••••••••••••••••••••• 2 

Output s~quence ••••••••••••••••••••••••••• 2 

Output translator (ty:pewri ter) • '. • • • • • • • • •• 3 

Overall Logic Diagram of Bogart 
computing system •••••••••••••••••••••••••• 2 

Pane2, Console control ..................... 2 

Paper 'Tape, 
Load mode ••••••••••••••••••••••••••••• 2 
-Load controls ••••••••••••••••••••••••• 2 
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4-19 

6-44 
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4-89 

A-63 

4-205 
4-206 

4-207 

5-72 

2-28 

4-90 

3-20 
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SUBJECT VOL PARA 

Paper Tape cabinet, 
Cable connections ••••••••••••••••••••• 1 
Floor plan and elevation •••••••••••••• 1 
Rear view ••••••••••••••••••••••••••••• 4 

Paper Tape and Typewriter test •••••••••••• 4 

Paper Tape and Typewriter test (program) ••• 4 

Paper Tape and Typewriter test, Parts A 
through E (flow charts)· ••••••••••••••••••• 4 

Parity (redundant) bit •••••••••••••••••••• 3 

Phase relationships of Transfer and Read 
pulses ••••••••••••••••••••••••••••••••••••• 2 

Photoelectric Paper Tape reader (PER) ••••• 3 
3 

Theory of Operation of •••••••••••••••• 3 
Operation of •••••••••••••••••••••••••• 3 

Placement, 
Logic (chassis 10100-11700) ••••••••••• 5 
Logic (chassis 20100-20300) ••••••••••• 5 
Logic (chassis 30100) ••••••••••••••••• 5 
Logic (chassis 50100-50400) ••••••••••• 05 
Printed circuit card 
(chassis 10100-11700) ••••••••••••••••• 5 
Printed circuit card 
(chassis 20100-20300) ••••••••••••••••• 5 
Printed circuit card (chassis 30100) ••• ·5 
Printed circuit card 
(chassis 50100-50400) ••••••••••••••••• 5 

Power and cooling •••.•••••••••••••••••••••• 2 

Power distribution •••••••••••••••••••••••• 3 

Power distribution, primary ••••.••••••••••• 1 

Power supply, ••••••••••••••••••••••••••••• 1 
And distribution ••• ~ •••••••••••••••••• 2 
Circuit, +100 volt (type 4005) •••••••• 4 
Converter (maintenance) ••••••••••••••• 4 
Typewriter cabinet (maintenance) •••••• 4 

Power Supplies (also refer to specific 
unit involved) . 

'd:-16 

Paper Tape cabinet (maintenance) •••••• 4 
Electric Typewriter cabinet ••••••••••• 3 
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:\..\ VY ~IODEL ex Pl\ 
10:DEX 

3U3J-::CT VOL 

Portlersof two (table) ••••••••••.•••••••••• 1 

P-register ••••••.••••••••.••.•••.•••••.••• 2 

Printed circuit card complement •••••.••••• 4 

Printed cirruit card (type 3015) .•.•.••... 2 

Printer (IBivI) •••••••••••.••••.••••••••.••• 3 

Program control circuits ••.••••••••••••••• 2 

Program control register (see also u-
register) •••••••••••••••••••••••••••••••••• 2 

Programi~g restrictions (type'v.riter) •••••• 3 

Programs, maintenance ••••••••••••••••••••• 4 

Protective mechanism ••••••.••••••••••••••• 2 

Paper Tape, ••••••••••••••••••••••••••••••• 3 
3 

~~lord •••••••••••••••••••••••••••••••••• 3 

Paper Tape cabinet, •••••••.••••••••••••••• 3 
3 

Rear view of ••••••••••••••••••••••••• 3 
Control panel •...••..•••••.•.•••••.•• 3 
External function codes •••••••••••••• 3 
External function translator ••••••••• 3 
Power supply •••••.••••••••••.••••••.• 3 

Pulse Discharger (type 9218) ••••.•.••••••• 4 

Pulse Discharger (type 9218), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Pulse Discharger (type 9218), waveforms ••• 4 

Pulse Stretcher (type 9118) ••••••••••••••• 4 

Pulse Stretcher (type 9118), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Pulse Stretcher (type 9ll8), waveforms •••• 4 

Pulse Stretcher (type 9122) ••••••••••••••• 4 

rulse Stretcher (type 9122), 
Schematic Diagram ••••••••••••••••••••••••• 4 
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SUBJECT VOL 

Pulse Stretcher (type 9l22)J waveforms •••••. 4 

Pulses, Read and Transfer •••••.•.••••••••••• 2 

Q Jump instruction (27) •••••••••.••••••••••• 1 

Q-register J ••••••••••••••••••••••••••••••••• 1 

As an arithmetic register •••••••••••••. ~ 
Second stage of ••••••••••••••••.••••..• 2 

Read and T~ansfer pulses J phase 
relationships of •••••••••••••••••••••••••.•• 2 

Read and Transfer pulse wave forms •••••••••• h 

Read circuit (type 4008) 
, 

••••• .a ............... ~ 

Reading a core from the ft 1" state ...... 2 
Reading a core from the " 0" state ...... 2 
Read next instruction sequence ......... 2 
Read Operand sequence .................... 2 

Res.i Pulse Driver (type 4004) ••••••••••••••• L 

Read / Write Drive line current transformer . 4 

Redundant (Parity) bit •••••••••••••••.•••••. 3 

Relay Pullers (type 85002) •••••••••••••••••• h 

Relay Pullers (one-half 85002)) 
Schematic Diagram ••••••••••••••••••••••••••. 4 

Relay Pullers (type 85002)J waveforms ••••••• 4 

Relay Suppression circuit (one-half type 
85004) ................................. '. . . . ... 4 

Relay Suppression c'ircuits (type 85004) 4 

Replace Add Logical Product instruction (55). 1 

Replace Add One instruction (34) •••••••••••• 1 

Replace Add Q instruction (37) ••••.••••••.•• 1 

Replace Logical Product instruction (54) 1 

Replace Selective Complement instruction (56) 1 
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INDEX 

SUBJECT 70L 

Replace Substitute instruction (57) •..•.... 1 

Replace Subtract One instruction ••••••••••• 1 
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