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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 beginsg in
that stage relative to the zero time reference. (The zero time rgference of
each Memory Timing Chain magnetic switch core stage number is the beginning of
the readout time of the Initiate to Memory core ng.) The timing sequence
scale in microseconds for each Memory Timing Chain stage 1s indicated in Timing
Sequence Diagram 8773k. 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 SySteﬁ Timing
Sequence Diagram 87734 produces an output pulse at the time ihdicaxed'by the
timing scale. The magnetic switch cores, R;; and Rgi, of theiTranslatbr Bit
Recirculation Control section produces a series of four outputs and are there-
fore shown four times on the timing sequence diagram. The translaﬁbr”ﬁit
recirculation control core Rzi is connected to produce a series of ﬁhrée
control pulses spaced four microseconds apart during each MCS refefenéé. The
negation lead of this core receives a pulse which stops the Translation Bit'
Recirculation Control sequence on the fifteenthmicrosecond (time 15) ofj%he
current memory sequence. Therefore, when the translator bit recirculation
control core Rzi is read out on the sixteenth microsecond (time l6)zof‘the
current memory sequence, no signal 1is produced to reset the éfa§Slatid€‘pulse
stretcher stages and the Translator Bit Recirculation Control sequence ends.

The.function of the Memory Timing Chain is to produce a geries 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 Rgf and initiates the
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Memory Timing Chain sequence. The "1" which was stored in Rgi by the Initiate
to Memory signal is transferred to each core in the Memory Timing Qhaip in
sequence to produce the required Memory Timing Chain signals. When the fi" is
transferred from Rgf to Ri: (at time 1) a "L" also is transferred to cores B;;,
RS, R'S) R'2 | and R*'. The next transfer pulse, TPl, reads out the "L" in
o2 o2’ o2 o2 v ,
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 52, s© .., 5'°, s!°, The outputs of the
; oo’ oo 117 11
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 Rg: produces an output signal every
four microseconds (at times OY, 08, and 12) which is used to reset cores R;;,
R*®, R'3, and R*3. At times 2, 6, 10, and 14 the "1's" in these cores are
02’ oz o2

read out and produce simultaneous ocutput signals with the signals of the
Address Transfer Channel cores S*°, 8*©, ... s'2, §'°, The pulse stretcher

= 0o’ 00 117 11 ;
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 Rgi is cleared at time 15 by Memory
Timing Chain core Riz which reads out the "1" that was stored in this core at
time 14, Therefore, when Rzi is read out at time 16, no output signal is
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 3,
when the signal from Memory Timing Chain core Riz energizes the Start Read
pulse stretcher Y§Z~ The energization of this pulse stretcher completes the

selection of the read current generators RGX1l, RGX2, RGYl, or RGY2 by energiz-
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ing two of the logical AND circuits which are connected to them. Selecticn 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 MCS address. If a 1"
is contained in bit sgg of the X drive line portion of the MCS address, read
current generator RGX2 is turned onj if a "O" is contained in bit Sg:, read
current generator RGX1 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 MCS Read reference are controlled by the Read Probe cres Nfg, Nié, Nfi, and
. [

NZS
75

(0-7), Initiate Read MCS (8-1k4), Initiate Read MCS (15), and Initiate Read MCS

. These cores produce Read Probe sighals when the signals Initiate Read MCS

' (16-23) are combined in the 1dgica1 AND circuits with the Start Read Probe

signal from core Rgi. The bits of the memory word containing "1's" are trans-
ferred to the Z~register at timé T if a Read Probe signal 1s present at the
logical AND circuit connected to the output of the sense amplifier stage.

The "1's" which were transferred to Z during an MCS Read reference at
time 7 are read out of the Z3° cores at time 8 and transferred to the Z°°
cores. At time 9 the "1" signals from the Z°° cores are used to clear the
corresponding Start Inhibit cores Rgg{ R;:, ces R;:, 3;:. These start inhibit
cores are set at time 8 by the outputs from the start inhibit control cores
(Rgi, Rzz, and 324)' These start inhibit control cores are set at time 6 by

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

R15
o8

The inhibit current is turned on automatically for each memory plane un-
less there is a "1" to be written in that plane. If a "1" is to be written in
a plane, the negation input of the start inhibit core controlling that plane

will receive a "1 "signal from the associated Z°° core. When the start inhibit
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cores are reed out at'time 10, the cores:which were negeted do not produce
output signsls end the start inhibit pulse stretchers connected to these out-
puts sre not turned on. The inhibit current, therefore, is not turned on in
those plznes, and "1's" are written.

The Writq/Restore current pulse seguence is initiated at time 11 by 2 pulse
from the Memory Timing Chgin core Rff; The Stert Write’pulse from this core
turns on the Start Write pulse stretcher Yi;. The energizetion of this pu;se
stretcher completes thé selection of the Write CurrentbGenerators WGX1, WGeX2,
WGYl, or WGY2 by energizing two of the logical AND circuits which sre connected
to them. Tﬁe X and Y write curreni géherators which ere turned on sre deter-
mined by the contents of the highest-orderfbits of the X end Y portions of the
MCS addiess. If 2 "1" is containéd in b;ﬁysgg of the X drive line portion of
the MCS =ddress, write current generétoerGXE is turned ony and if a "O" is
contained in bit Sgg, write current genefator WeX1 is turned on. The Y drive

line write current generstor is turned on in & similar manner.

os

The Resume from Memory puilse is produéedAby'MEmory Timing Chsin core R
: . ~ ; i3

at time 13.

The Trensletor 3it Recirculation Confrol seqpence is terminated at time 15
by a_pulse from Memory Timing Chsin corean:, whiéh is connected to the nega-
tion terminal of core R:;:. ; |

The Stop Write pulse is produced by,’t_;he Memory Timing Chein core Rfj at
time 17. Becausé of the delsy which exists in developing the pulse discharger
action, this pulse is required éne microsecond in adxance‘qf the time that the

Write currenf pulse begins to decréase.

The Start Disturb pulse is slso generéted at time 17 by Rfj, and sets cores

Rla

2 Ri:, and RiZ~at time 17. These cores are resd out st time 18 to produce -

2L separste Start Disturb puisess, core Ri: produces start disturb pulses for

4?182A
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3

o produces start disturb pulses for memory planes

memory plenes O-Tj core Ri
08-15; and core Ri; produces start disturb pulses for memory planes 16-23. It
is necessary to initiate the start disturb pulse at time 17 because 24 separate
outputs are required to control the Disturb pulse in each of the 24 core memory
planes. Each mdgnetic switch core can produce a maximum of eight output pulses.
Therefore, it i1s necessary to set the three start disturb control cores Riz ,

R’l'z , and Ri; at time 17 to produce the 24 separate start disturb pulses when
these cores are read out at time 18,

The Stop Transletion pulse is produced by the Memory Timing Chain core Riz'
at time 18, The stop translation pulse energizes the stop translation pulse
dischargers Y28, Yes, Y>3, and Y22, The inherent time delays in the stop trans-

oa~ o8’ o8 os
lation pulse discharger circuits, Translator pulse stretcher circuits and the
Current Diverter circuits are such that the current diverters are not turned
off until sbout time 19.

The Stop Inhibit/Disturb pulse is produced by the Memory Timing Chaln core
R:j at time 20. It energizes the stop inhibit/distrub pulse discharger clrcuits
Y’a'i , Y:’:s' , and Y;:. The stop inhibit/disturb pulse discharger circuits discharge
the Inhibit/Disturb pulse stretcher circuits Yi:, Yii, cer Yz;, ng, which turn
off the inhibit/disturb current generator circuits, thereby terminating the
current MCS reference. |

(5) MC ADDRESS SELECTION SYSTEM. - The circuits used im:address
selection are represented by shorthand block-type symbols in Logleal Diagram
87001, Volume 8, peges 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 2% translation of the 12-bit MCS
address (2% x 2% = 212 = L4096) 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
gelection system is identical to that for the Y drifre line address selection
system, only the X drive line system is explained in this text.

. Each X drive line is connected to the secondarﬁ} winding of a separate drive
line trensformer. The primary winding of each X drive line transformer has two
sections, one for the Read current pulse and one for the Write currsnt pulse.
Each section of the primary winding is connected to a common point which is
‘then' connected to & current diverter. There are 32 current diverter circuitsj
ﬁher@f@m s 2ach current diverter circuit serves two drive lines as shown in
- Drawing 87001, Volume 8, page 36.

*The X drive line address selection system ‘is divided into three distinct
trahslators, 2%, 2%, and ', The 2° trenslator is controlled by the three
lower-order bits of the S-register, sgg, sgi’, and. 52:5 the 22 translator is
controlled by the next two higher-order bits, sgg and Sg:;z, end the 2! trans-
lator is controlled by the highest-order bit, sg: \

‘Each current diverter is turned on by the decoded results of the 2% trans-
lator and the 22 translator (2% x 22 = 2%), The final selection of the X drive
lim? is determined by the highest-order bit, sgg (2® x 22 x 2* = 28),

‘The contents of S°° determines which resd end write current generators are
tured on. If s°§ contains a "0", the read current gensrator RGXL and the
write current generator WGXL are turned on. If Sog contains a "1", the read
current generator RGX2 and the write current generator WGX2 are turned on.
B@m read current generators, RGX1 and RGX2, end both write current generators,
WGXZL and WGX2, are connected through 'the prim,ary windings of the drive line
curmnt trensformers to the current diverter circuits.

' The cireuits used to produce the Clesr/Read end Writs/Restors pulses for

each X end Y drive line consist of a read current generztor and a write current
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generator, each comnected to the primary winding of the drive line transformsy
One of the transformer primary windings is used to produce the Clear/Read pulse,
and the other is used to produce the Write/Restom pulse. Because of the man-
ner in which the transformers are connected, the signal on the output line of
the trensformer 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 ean MCS reference each Storage Address Register stage produces
specific signels which begin at the same time as the Start Translation signal
from the Memory Timing Chain core ﬁgf » end are repeated four times at four-
microsecond intervels. Therefore, the clear/read and write/restore operations
are performed in only one MC address during each storage reference.

The lower-order six bits of the MCS address controlled by cores Sgg s ng,
sgz, sgg, SgZ’ and sg; are decoded to select and turn on the desired X drive
line current. The higher-order six bits of the MC address controlled by cores
SZZ’ sg:, sgg, sgg, s:g, and sfi are decoded to select and turn on the desired
Y drive line current.

The three lower-order bits of the MCS address represented by the éignals
designated XXXXX0, X0OOXXX1, XCXXXO0X, XOXX1X, XXXO0XX, and XXX1XX on the Address
Selection Diagrem 87001, Volume 8, page 36, are combined in an octal (23)
translator to produce the trenslated signals designsted XXX000, XXX00l, XXXO010,
XXX011, XXX100, XXX101, XXX110 and XXX11l.

The next two higher-order bits of the MCS address are controlled by cores
Sg: and. ng , and they are represented by the signals designated XXOX¥X, XXI1XXX,
XOXXXX, and XIXXXX. 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, XO01XXX, X10XXX, and X11XXX.
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The translated signals of the sbove described translators (22 and 2%) are
combined in a decoder (system of two-input logical AND circuits) to produce 32
separate decoded signals designated X00000, XO0CO1 ;I X00010, «oe XlllOl, X11110,
X11111 (22 x 2% = 25= 32), These 32 decoded signals are used to turn on the .
32 surrent diverters in the X drive line address selection system.

The highest-order bit, controlled by Sgg, is used to turn on one of the
current generators RGX1, RGX2, WGX1l, or WGX2, as previously explained. Since
each current diverter is connected to both read current generators (RGX1 and
RGX2) and both write current generators (WGX1 and WGX2), the final selection
of the X portion of the MCS address is made ‘r;y turning on one of these current
generators (22 x 2% x 2 = 26 - 64). The Y drive line selection is produced
in a similar manner. Ths, a specific setting of the S-register selects but
cneof the 4096 unique addresses available (2% « 22 . 28 x 21 . 22 . 2% . 312
= 40%). |

The operation of the address selection 'ﬂsﬂj'rétem when selecting the octal
address 1111 is described in the following example. The S-register signals
designated XXXXX1, XXXXOX, and XXXO0XX, together with the Translation Bit
Recirculation Control signal, are combined in the 23 translator to produce the
translated signal, XXX00l. The S-register signals XXI1XXX, XOXXXX, and the
Tmﬁslati@n Bit Recirculation Control signel are combined in the 22 translator
to produce the translated signal, XO1XXX. These translated signals are com-
bined in the logical AND circuits in the 2% decoder to produce the deccded
signai, X01001l. This decoded signal turns on the current diverter stage desig-
nated nx;i, The S-register signal, OXXXXX, is combined in & logical AND cir-
cuit-with the Translator Bit Recirculetion Control signal to produce a signal
which energizes the pulse stretcher circuit ng, and turns on the read current

generator RGX1l and the write current generator, WGXl. These generators each
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Produce & current pulse in the primary of the current transformer Txu thmwugh
the current diverter circuit Dst'i . The pulses induce e current pulse in the
secondary winding of transformmer Txn » which is connected to the Xn drive line.
The selection of Yll drive line is produced in a similar manner. It should be
noted that the only way the selection of the Xll drive line differs from the
sele‘ction of the X51 drive line is in the signal from Sg;. If Sg; contains a
"1" the read current generator RGX2, and the write current generator WGX2 ere
'Eurned on. This palr of generators produces current pulses in transformer
TXSl instead of transformer TXu. Therefore, a current pulse is induced in
the X51 drive line instead of the Xn drive line when Sgg contains a "1" instead
of a "0".

(6) MEMORY ACCESS CONTROL

(a) GENERAL. - During each storage reference the Memory Access
Control circuits produce signals for operating the Digit Plane Control circuilts
and for turning on ‘l;hé Reed, Writé » Inhibit and Inhibit/Disturb current pulses.

Identical Memory Tiining Chain pulses are produced during each MCS references
however, the Read and Write opera.tioné which occur in the memory are controlled
by the‘s:‘ignals;} Initiste MCS resd probe (0-T)s Initiate MCS read probe (8-14);s
Initiate MCS read probe (15); Initiate MCS reed probe (16-23) and certain com-
mand signels from 1;.he computelr.

(b,) OPERATION FOR WRITE SEQUENCE. ~ A write sequence will
initiate MCS Clear gpd MCS Write steps in memory. Memory Timing Chain core Rzz
sets Rgz at time 4. Siﬁmltaneousijr, trenslaetions from the m (field modifier) -
portion of the ﬁ-fegister set the appropriate Initiate Read Probe cores ng,
TZf; T:2,~T:g; depending upon the bits of memory word in which it is desired to
write. At time 5 the Initiate MCS Read Probe signals which are present are

combined in the logical AND circults with outputs from Rgz to set the
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corresponding Read Probe cores (N75). Signals from the energized read probe
cores are combined in loglcal AND circuits with the signals from bits of the
referenced memory word containing "1's" which set the corresponding stages of
the Z-register. Therefore, only those bits of the selected address which are
not to be replaced with new information are transferred to the Z-register
during the Clear step. New information may be written in any one of the five

com¥pinations of bits shown on the following table.

MCS WRITE SEQUENCES

SEQUENCE
MCS Write (0-T)
(m=1o0r5)
MCS Write (8-15)
fm = 2 or 6)
MCS Write (16-23)
(m=3orT7)

MCS Write (0-1k)

INITIATE SIGNALS

Initiate to Memorys Initiate MCS Read Probe

(8-1k)s Initiate MCS Read Probe (15)3; Initiate
MCS Reaed Probe (16-23)

Initiate to Memorys Initiate MCS Read Probe
(0-7)s Initiate MCS Read Probe (16-23)

Initiate to Memorys Initiate MCS Read Probe
(0-Ts Initiate MCS Read Probe (8-1k4)s; Initiate
MCS Read Probe (15)

Initiate to Memorys Initiate MCS Read Probe (15)s

(m=154) ,_ Initiate MCS Read Probe (16-23)

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

Initiate to Memory

During' 'bhe: MCS Write step all bits of Z, including the bits of the memory
word which are not being replaced 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) above, with this :eXceptions |
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, 8-1k, 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 sbove-mentioned T°° cores are set through e pulse from the Read Oper-
and command sequence (v’;:). This is shown on Command Logic Diagram 87209,
Volume 8, page 8. The control of the portion of the word which is used by the
computer during a MCS Read reference is performzd in the N control cores in
the Z~-register buffer.
(d) MEMORY ACCESS CONTROL SUB-SECTIONS. - The Memory Access
Control Section is divided into the following sub-sections on a functional
basiss
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 Memory Access Control Seq’tj.on are Start
Read Pulse Stretcher, Stop Read Pulse Discharger, Start Write Pulse Stretchey
and Stop Write Pulse Discharger. The timing sequence of these control cireuilt s
has been described previously in parsgraph U of this section, Memory Timing
Chein.
1. TRANSLATION BIT_ RECIRCULATION CONTROL. - The function
of this section was described under parsgraph U4, Memory Timing Chain, gbove.
| 2. READ PROBE CONTROL.' - The function of this section wes
described under (b), Operation for Write Sequence, sbove.
3. OSTART INHIBIT PULSE CONTROL. - The function of the
Start Inhibit Pulse control section, consisting of cores R32, R32, and R®%, is

to expand the Start Inhibit signel from the Memory Timing Chsin, R'®, into 24
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geparate siggals for thcje digit plene wntr@lsa . Start Inhibi’t DPC=0 thr@ugh
BPG-QEL Since therb@f_asic magnetic core swi‘bch transfer circult can produce a
maximum of eight outputs it 1s necessary to use the threse transfer circuits

R::,» R:z, and Rgg‘ to produce the reguired 24 Start Inhibit Control signals.

l"ko START DISTURB PULSE CONTROL. - The function of the
Stext Disturb Pulse control section, consisting of Riz 5 Rig, and R;: , is to
expand the Start Disturb signal from Memory Timing Chain core R_S_j into 2k
-separate signals for the digit plane controlss Start Disturb DPC~0 through
DPC-23. Because of the above-mentioned switch core limitetions it is neces-
sery to use the three transfer circuits Ri: 5 R;: , and Ri; to produce the re-
auired number of signals.

S 5. STOP TRANSLATION PULSE DISCHARGER CONTROL. - The
=#gnetion of the Stop .Transla'bi@n pulse discharger control section is to termin-
“wte the translstion of the current MCS eddress so that a nsw storage reference
Cen be initiated as soon as possible. Therefore, the Stop Translation signal

from Memory Timing Chain core Ri: is produced at time 18 so that the current
MCS address is terminated at time 19. The current MCS address translation is
thus terminated almost immediately after the termination of the Write/Restore
current pulse and prior to the beginning of the Disturb Current pulse.

é: STOP DISTURB PULSE CONTROL. = The function of the Stop
Disturb Pulse control section, consisting of the pulse discharger circuits
designated Y11, ¥*1, and ¥Y'', is to turn off the Inhibit/Disturb current gener-
ator circuits in the Digit Plane Control section at the end of each MCS refer-
ence. The Inhibit/Disturb current generstor circuits are held in the ON
condition by the Inhibit/Disturb pulse stretcher circuits in the Digit Plane
Control section. The Stop Disturb Pulse control section produces the signals

Stop Inlﬁbi’t/ Disturb DPC-0 through DPC-23, which turn off the Start
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Inhibit/Disturb Current pulse stretchers.

| 7. START READ PULSE STRETCHER. - The function of the
Start Read pulse stretcher circuit, Y:;Z’
the length of the Read Current pulse during each MCS reference. This pulse

is to produce a signal which controls

stretcher is energized by the Start Read signal from Mesmory Timing Chain core
R3S at time 3.
03

_Q_. STOP READ PUISE DISCHARGER. ~ The function of the Stop
Read pulse discharger circuit, Yi;, » is to terminate the Read Current pulse
during each MCS reference. It is energized by the Stop Read signal from Msmory
Timing Chain core Rg: at time 09. R

9. START WRITE PULSE STRETCHER. - The function of the Start
Write pulse stretcher circuit, Y‘?‘o'; s 1s to produce a signal that controls the

length of the Write Current pulse during each MCS reference. The pulse 'stred-

cher is energized by the Start Write signal from Memory Timing Chain coxra RiL

at time 11.

10. STOP WRITE PULSE DISCHARGER. - The function of the
Stop Write pulse discharger circuit, Yi: , 1s to control the termination of the
Write Current pulse during each MCS reference. The circult is energized at
time 17 by the Stop Write signal from Memory Timing Chain core jo.

(7) DIGIT PLANE CONTROL CIRCUITS. - A separate Digit Plane Control
eircuit is 's.ssocia:bed with each of the 24 Msgnetic Core Memory Planes. The
Digit Plane Control circuit controls the writing of a "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 "0" in a core, and is not turned on when writing
a "1" in a core. |

(a) OPERATION DURING A WRITE SEQUENCE. - During an MCS Wx;i“be

sequence, the Z-register operates as & 2L-bit Memory Dats Register which
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temporarily stores the information to be written in an MCS address.

During the MCS Write seguence the operations performed in each Digit Plane
Control circuit depend upon whether & "0" or a "1" is t0 be written. Because
each Digit Pleane Control circuit is electrically identical to the other 23
circuits, only the functioning of Digit Plane Control-0 circuit is explained
below,

An MCS Write reference is produced by an Initiate to Memory signal which
produces writing operations in certain bits of the selected MCS address. The”
information which was in each bit of the selected MCS address is read out of
the cores and destroyed. The "L1" signels produced in the sense amplifier ecir-
ciaits by the Clear Current Pulse sequence are not recognized and transmitted
to the Z—-register during @ write reference, because no Read Probe signals are
present for the designated bits of the selected address which are to receive
new information.

The Inhibit Current control core R;g in the Digit Plane Control-O circuit
céntrols the Inhibit Current pulse. The inhibit current generator control core,
R:g, is set to "1" at time 8 by the Start Inhibit Current core, Rz:" If a "1"
ié; to be written in bit-0 of the selected MCS address, the Z-register bit-0
control core, Zgg, is set to "L" by the computer prior to the beginning of the
gurrent MCS reference. The "1" in Zzg is transferred to Zgg at memory times 8.
W@en Zgg is read out at time 9, the resulting "L" signal clears the inhibit
current control core R;g. As & result, the '"0" signel produced by core R:;Z
at time 10 does not energize the Start Inhibit pulse stretcher Yﬁt s and the
imhibit current generator IGO0 is not turned on. A "1" is therefore written
in bit~0 of the selected MCS address.

If @ "0" is to be written in bit-0 of the MCS sddress, zzg is cleared by

4-192

708 Xd



PX 804

NAVY MODEL CXPK . Paragraph
THEORY OF OPERATION ' 4-4c

the computer prior to the beginning of the current MCS reference. Therefore,
when core Zgg is read out et time 9, the resulting '0" signal does not clear
the inhibit current control core R;go

When the inhibit current control core R;g is read out at time 10 the re-
sulting "1" signal energizes the Start Inhibit pulse stretcher Yi: s and turns
on the inhibit current generator eircuit IGOO. A “0" is therefore writttten in
bit-0 of the selected MCS address.

(b) OPERATION DURING A READ SEQUENCE. -~ During a Read sedquence
the Z-register functions as a éh-—bi‘t restoration register that controls the
Restore step, which restores the information destroyed by the reading operaticn.

Prior to the beginning of each Read sequence;, the computer clearé all
stages of the Z-reglster to receive MCS Read signals from the selected address.
During a Read sedquence the operations performed in each Digit Plane Control
circuit depend upon whethei- or not a "L" is read from the associated core
memory plane. Because each Diglt Plane Control circuit is similar electrically
to the 23 other ciricults, only the functioning of Digit Plane Control-0
circult is explained below.

If a "'l" is present in the selected address of core memory plane O, a
Sense signal is present on the memory plene sensé wire during the first, or
Read step of the sequence. This signal attempts to the pass through the
logical AND circult at the output of the sense amplifier. The sense "1"
signal passes through this logicel AND circuit because = Read Probe=-0 pulse
is also present;, and sets the Z-register core cho’, The MCS Restore Step jbhat
occurs during a Read sequence functions in exactly the same menner as thé) FMCS
Write step previously explained in parsgrsph Ta.

If a "0" is present in the selected address of memory plane O, no Sénsé

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
logica.l AND circuit at the output of the sense amplifier, and the Z-register

core z3°

remains in the cleared state. The MCS Restore action has been ex-
pleined ebove,
k-5, INPUT-OUTPUT SECTION
The Input-Output Section of the mmin 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, end  .load mode sequences. The sequence of‘
operation is controlled by ensble, resume, disconnect, sense, and fault lines.
These lines are included in the commnicaetion lines, and the remainder of the
communication lines carry information to and from the I, O, and F-registers.

* The theory of operation of each of the external devices is given in
E#rternal Equipment , Volume 3, section 5.

&. INPUT. - The computer can receive informstion from an electric
ty;pewriter, photoelectric reader, high-speed reader, or the converter. The
infomaﬁion is received in the I-register by one of two procedures. An
inj_out instruction transmits information during a regular computer program, but
thef. Load Mode sequence can send information to the main machine before a
program is initiated. The C-regilster controls the input operations and &n
Eiéemal Disconnect signel is used to stop repested input instructions.

The input sequences are much slower than the regular computer program,
and if input instructions are programmed faster then the input device
supﬁiies deta, execution is delsyed until the data 1s availeble. As a means

of saving computer time, emExternal Function Select signael is initiated
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and the computer goes on exceuting other Instructions until such time as
the Sense Input Lockout 1ndicates that the Input register is loaded. Then
an input instruction is executed which transfers the information from I to
magnetic storage. As soon as the information is transferred to memory,
another Select signal is generated. With the photoelectric reader as input,
for instence, Bogart can execute at least 100 instructions with no loss of
input speed.
(1) I-REGISTER. - The Input Register, shown in Drawing 87078,
Volume 8, page 28, 1s a seven-stege register that receives information from
the external equipment. 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 infommation to all seven bits. A typical
stege of the I-register is shown in Figure L4-51,
(a) BASIC PROPERTIES OF I. - 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 Nzg before each input transmission.
1. CORE I, - Information is received from Y*® under
the control of N2°,
69
2. CORE I®, - Transmissions are made to X _ under the
control of Nig.
(2) INPUT SEQUENCE. - The Input sequence, shown in Drawing 87726,
Volume 9, pages 95-9T7, transmits information from the external equipment to
the magnetic storage section. The information is received in storsge as a
six-bit, seven-bit, or twenty-four bit word.

() SIX-BIT WORD. - If m # O or L and the electric typewriter
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Figure 4-51. First Stage of I-register

708 Xd



PX 804

NAVY MODEL CXPK Paragrapi
THEQRY -O# OPERATION 4-6d

Oor the converter is selected as input,; then six biﬁé of informstion are
transferred to the magnetic storage each time an 1lnput instruction is
programed.

- When an input instruction is programmed, the Add B to U circulation
bit (wg;- wi:) initiates the input sequence. First, the y portion of the
U-register is modified and then V:: sets the InputlEnable circulation bit
(W:%- W3°) and the I to X circulation bit (W9~ W%} . The Input Enable

s1 31 v 26 26
circulation bit sends an Input Enable signal to the external equipment
while the I to X circulation bit checks for an Input Resume signal.

If the I-register is loaded and an Input Resume signal was already
received, the Input Resumé bit (W;gm wzg) is set as indicated by the ILD
light on the indicator displey panel. 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 cabinet.
When the Input Resume signal is received, the Input Resume circulation
bit is set and the computer is ready to proceed. If two Input Resumes are
received before the contents of I can be sampled, then the Input Fault
circulation bit (wi:~ wzg) is set and the computer stops.

The I to X eirculation bit (w:g- sz) and the Input Resume circulation
bit form a logical AND to set V:: which clears Nig (Normal Circulation of
X control) and sets Nfg (I to X control) thus transferring the six bits of

information from I to X. 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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infomtion to I, the seventh bit of I always contains a zero and is not
recognized. After the contents of I have been stored in X, V°° forms a
logical AND with T°° (m # 0,4) to set the Write circulation bit (w2° w°°)
If the input instruction is not to be repeated, the Input Enable circulation
bit (w;‘:- w:i’) is also cleared at this time. Clearing of the Input Ensble
clrculation bit as a result of the dbove conditions allows the last Imput
Ensble signal to be sent to the external equipment for only twelve micro-
seeonds, Since the signal is short, it is ignored by the external equip-
meat and no information is transferred to the main cabinet.

The Write circulation bit initiates the write sequence, and the infor-
mation contained in the megnetic storage as determined by the velue of m.
If the instruction is to be repeated,; the sequence starts over,

(b) SEVEN-BIT WORD. - If m # O or 4 aend either the high-
speed or photoelectric reader is selected as input; then seven bits of
information are stored in megnetic storage. The procedure for receiving
seven bits of information is similer to the procedure for receiving six-
bits of information. 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
informetion and pleaced in magnetic storage.

(c) TWENTY-FOUR BIT WORD. - If m = O, 4, then four six-bit
words arec sssembled in Q to form e complete twenty-four bit word, which is
stored in the magnetic storage. If the high-speed reader or the photoelectric
reader is used as an input device the information in the seventh bit is
ignored.

MWhen en Input instruction is progremmed, the Add B to U circulation bit

(wgg- wi;) initistes the Input sequence. First the lower 15 bits of U are
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modified by adding the contents of a specified B-box. Then V:f: sets V;;
which clears N__ (Normal Circulation of C) and sets NZ: (set C to da‘d).
When ng (m = O,4) is set, sz (Normal Circulation of Q) is also cleared,
meking the contents of Q equal to "0". Core V:_‘,’ also sets the Input Ensble
circulation bit (wgi- wzf) end the I to X circulation bit (w;g- wzg)o The
Input Eneble circulation bit sends an Input Enable signal to the external
equipment while the I to X circulation bit checks for an Input Resume. The
Input Resume signals are received as expleined under Six-Bit Word. When
the Input Resume circulation bit is aectivated, it ANDs with the I to X~
circulation bit (W;Z- w::') to set Vz_‘; which in turn clears N‘l’g (Normal
Circulation of X control), sets Nfg (I to X control), clears N:g (Normal
Circulation of C control) and at the seme time ensbles I\I81 (Shift C control).
This sequence puts the contents of the seven~bit I-register into X and shifts
the contents of C to d‘c. Both ng (m = O,4) and ng (C 1s not d4'd) ere
set, When these cores ere 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 ensbled. 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
Q. Q is shifted left six places, and the I to X circulation bit is again
engbled., The next Input Resume initiates the same sequence, shift C 1\';0 d'a,
and sets the I to X eirculation bit. The Q-register now contains infor-
mation in its upper 18 bits and the C-regilster contains d's. When the ﬁext
Input Resume signal is received by the main machine, the contents of I are
sent to X end C is shifted to conteln d'd. This sets T2° (C is d'd) end
T:Z (C is not & or b)., Then the information in the lower six bits of X

is sent to Q, so-Q now contains & twenty~-four bit word. If the instruction
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ie mot to be repeated, the Input Ensble circulation bit (W;:- WZ‘:) is
cleared, Clearing the Input Enable clrculastion bit as & result of the
above conditions allows the final Input Engble signal to be sent to the
external eduipment for only twelve microseconds, A short signel such as
this is lgnored by the extermal equipment.

Next the Nfg core (Normasl Circulation of X) is cleared, while N:g
(@ to X control), and the Write circulation bit (W::- wfg) are set. Then
if m=0, a twenty-four bit word is placed in megnetic storage, and if m=h,
information is stored in the lower fifteen bits of the memory section.

(3) LOAD MODE SEQUENCE. - The Load Mode sequence, shown in
Drawing No. 87733, volume 9, pages 110-111, provides & means for loading
the magnetic storage without using progrsm control. The address and
information that is to be sent tobmemow is put on punched paper tape and
read by either the high-speed reader or photoelectric resder.

When the Losd Mode/Master Clear switch located on the Bogart switch
pa.ﬁel is put in the LOAD MODE position, all the registers sre clesred and the
Clear Q Load Mode circulation bit (wgg- wzg) is set. Then NZZ (Normal
Circulation of Q) is cleared, end the Input Enable and I to X circulation
bits are set. An input Ensble is then sent to the selected input equipment,
endbling it to read the first frame. When the external equipment is
rééﬂy to transmit information to the I-register, an Input Resume signal
is sent to the computer which clears N;g (Normal Circulation of I), while |
th¢ Input Resume circulation bit and Core Nz: (Input to I) are set, trans=-
ferring the data in the first frame. As soon as the Input Resume and the
Input Eneble circulation bits are set, the sequence is ready to proceed.

At this point the tepe's seventh level (control level) determines what
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type of information is contained on the tepe. There are three possible

combinationss Insert Address (d'ad), Check Address (d'bd), and Enter Date

"(d*d) as shown in the exemple below., The d' position is the d position of

the preceding word. For more information sbout the tape; see Paper Tape

section in volume 3,

DIRECTION OF TAPE
) —

dcbad' debad' debead’
o oo o o o o o level 6
Control level
Insert Check Enter

Address(d 'ad) Address(d'bd) Data(d'd)

Example 1.

(e) INSERT ADDRESS (d’'ad). - The Insert Address sequence
puts the first storage address in the lower twelve bits of U, If it is the
first informetion on the tape, it must be preceded by a 4' in the preceding
frame., This d'sets the value of the C-register to d at the time the first
frame is read, |

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
" 1", Since level six of the first frame of the insert address sequence
contains a "1", the d level of the C-register is set and the C now contains
cd. The information in the lower six bits of X is then trensferred to the
Q-register, Q is left-shifted six places, and the I To X circulation bit
is set, When the informaetion in the second frame is read, the Input Resume

cireculation bit is set.  Then the contents of I are sent to X, the
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C-register is shifted to be, and since level six of the second freme contained
a "0", C remains bc. The information in the lower six bits of X is sent to
the Q-register, Q is left-sghifted six places and the I to X circulation bit is
sets The Input Resume circulation bit 1s set when the third frame has been
rezd, + The information in I is now transferred to X, the C-register is shifted
to-eb and is unchenged becsuse level six of the third frame is "0, the lower
gix bits of X are sent to the Q-register, Q is left-shifted six plesces, and
the I to X and Input Eneble circulation bits are again set. When the last
freme 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'm. The last frame contains a "1"
in the control level, so the C-reglster is changed to d'ed. The informetion
in$the lower six bits of X is sent to Q; the Input Engble signal is terminated,
the contents of Q are transferred to X, the information in the lower fifteen
bite of X is sent to U, and the Clear Q Load Mode circuletion bit (wgg- wzg)

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

The U-register now contains the first address and the computer is reedy to
aceept subseduent information.

(b) CHECK ADDRESS (d'bd). =~ The Check Address sequence checks
the sddress in U to determine if the U-reglster has been advancing the address
each time., This is accomplished by putting the correct address in A and then
subtracting the actuel address contained in U, If the difference is zero, the
address checks, but 1f the difference is not zero, a Losd Check Fault is recog-
nized and the computer stops. Each time the address checks, the P-register is
adwanced by one,

Proceeding with the Load Mode sequence after the Input Resume eirculation

bit and the I to X circulation bit are set, the information in I is sent to X,
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the C-register is shifted to contein ¢, and since the upper bit of I contains

a "0" , C is unchanged. 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 signael is received signifying that the contents of
the second frame is now in I, the Input Reéume circulation bit is set. Then I
is sent to X, the C-register is shifted to b, and since the control level of
the second freme contains a "1", the contents of C are changed to bd. The con-
tents of Xo- are tra}isferred to Q, Q 1s left-ghifted six places, the hext

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

shifted to ac and unchanged by level six of the third frame, Xo s is again sent

to Q, and Q 1s left-shifted six places. When the information from the last
frame is received in the I-register, the contents of I are sent to X, and C is
shifted to d'b. Since the control level of the last freme contains a "l";rthe
contents of C are changed to d'pd. The information in the lower six bits of X
is sent to Q, the Input Eneble signal is terminated, the contents of Q are sent
to X and transferred to A, the U to X circulation bit (wig- wfg) is set, and
the Clear Q Load Mode circulation bit is asctivated in preparation for the next
four frames of information. 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 zéro » the P-register is advenced by one and the Load Mode sedquence continues.
However, if A is not zero, the Load Check Fault circulation bit (w:g- wzg) is
set, and the computer stops. '

(c) ENTER DATA (d'd). - The Enter Data sequence stores the in-
formation in magnetic storege at the address designated by U, and then advances
U to the next eddress.

Preceding with the Load Mode sedquence after the Input Resume circulation

bit and the I to X circuletion bit are set, the information in I is sent to
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X,C is shifted to ¢ and is left unchanged because the control level contains
e "O'., The contents of X___ ere sent to0 Q, Q is left-shifted six places, and
when I 1s loaded with infomi_;ion from the second frame, the contents of I are
sent to X. The C-register is shifted to b, level six of the second frame is
"o éo C is unchanged, information in X is trensferred to Q, Q is left~
shifted six places, and the I register receives information from the third
freme., The contents of I are transmitted to X, C is shifted to a and un-
chenged because level six is "0", and the contents of X are sent to

Q. "Then Q 1is left-shifted six pleces. When the information in the last frame
is sent to I, the contents of I are transferred to X, and C is shifted to d'.
Level six of the last freme contains a "1" which chenges the contents of C to
d'ds¢ Q receives information from X and then transfers its entire contents
to'X. The Input Eneble signel is terminated, the Clear Q Load Mode circulation
bit (wgg- wzg) is set, and the Write circulation bit (wfg- wf:) is set. The
Clear Q Loasd Mode circulation bit prepares the computer to receive the next
bléck 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, =amd advances U to the next address.

(4) C-REGISTER., - The C-register, shown in Drawing 87206, Volume 8,
page 34, is a five-stege register that controls the assembling of 2h-bit words
durtng input instructions or Load Mode, the disassembling of 2i-bit words
during output instructions, the inserting of addresses during Losd Mode, and
the checking of addresses during Load Mode. The five stages are lettered from
leﬁ'. to right as 4', &, b, ¢, de The register has left-shift properties and
also hes an & to d end around shift,

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

bit are two megnetic switch cores.
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(b) STAGE d'. - This stage receives information from Na7 (set
C to d'd), It is cleared when N:: is cleared.

| (c) STAGE a. - This stage shifts information to d’ during
input or output instructions under control of Ngi (Shift C) and to d' during
Load Mode under control of N2 (C). It is cleared when N0 is negated.

(d) STAGE b. - This stage shifts information to a under
control of N:: (Shift C) and is cleared when N:g is negated.

(e) STAGE c. - This stage shifts its contents to b under
control of N:f (shift C) and is cleared when N:g is negated.

(f) STAGE d. - This stage shifts its contents to ¢ under’
control of N:S (Shift C)s It receives information from Igg during Load Mode
sequence and 1s cleared by Ngg.

(5) EXTERNAL DISCONNECT. - The External Disconnect sequence, shown
in Drawing 87726, Volume 9, page 95, is initiated when a selected input device
is uneble to transfer information to the computer. -

The External Disconnect signal clears the I to X circulation bit, clears
the Repeat Sequence Control circuletion bit, and initiates the Read Next' In-
struction sequence.

b. OUTPUT

(1) O-REGISTER. - The Output register, shown in Drawing 87078,
Volume 8, page 28, is a seven-stage register that sends information to the
external equipment. The converter and the electric typewriter receive inform-
ation from the lower six bits of the O-regilster, but the high-speed punch
receives information from all seven bits. A typical stage of the O-register
is shown in Figure L4-52.

() 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 O, - Before transmission to O
the I;egister is cleared bj Nzg.
1. CORE 0°°. - Inputs from X ;.s are controlled by Nzg and
information is transferred to the external equipment.
2. CORE 0?°, - This core can be set by the manual push-
button on the indicator display panel.
(2) OUTPUT SEQUENCE. - The Output sequence, shown in Drawing 87727,
Volume 9, pages 98-100 ," transfers information from the magnetic storage to the
external equipment. The information is teken from maegnetic storage either as
a six~-bit word, seven-bit word, or a 24-bit word which is disassembled and
sent out in six-bit increments.

() SIX OR SEVEN BIT WORD. - If m # O or &4 end the electric
typevwriter or the converter is selected as input, then éix bits of'inf‘ormation
are transferred to the selected equipment. If the high-speed punch is selected
and m £ 0 or b, then seven bits of information will be transferred each time
an output instruction is pfdgra.rmned.

When an outpﬁf instruction is programmed, the Read Operand circulation bit
(Wg;- wzog) initiates the Read sequence which takes information from magnetic
storage as designated by m and puts the information into the lower eight bits
of X. The X to O circulation bit (w;g- w:g) is then set. |

The Master Clear sequence sets the Output Resume circulation bit (WZ:- W:;Z)
8o the first oufput ingtruction af'ter the Master Clear sequence does not wait
for an Output Resume signal. On ithe other hand, if there was a previous output
instmctibn, the computer must wait until it receiveé an OQutput Resume signal
indicating that the externsl 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 O circulation bit and the Output Resume
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éirgu}gfbion bit are set, the O-register will be cleared and @he contents of
the_:_Lover seven bits of X _sent to the O-register., .The Outpu”c Enable signal
is then sept to the extgrnal equipment. When tﬁe electric typewriter or the
converter are selegted and receive an Output Eneble signal, they semple the
contents of the lower six bits of the O-registers but if the high-speed punch
was selected and receives an Output Ensble signal, it samples the contents of
all seven bits of the O-register.

(b) TWENTY-FOUR BIT WORD. - If m = O or 4, a complete 24-bit
word is taken from memory, disessembled, and sent to the selected output six
bits at a time.

When en output i_nstruction is programmed, the Re_ad Operand circulation bit
(Wﬁg-'wgg) initiates the Reed cycle which takes a 2k-bit word from memory when
m = 0, puts the information in X, and sets the X to Q circulation bit
(WZ:- Wzg). Next, the contents of X are set to Q, the C-register is set
to d'd end shifted to d'c, the shift circultry is set, Q is shifted left six
places, and the Q to X circulation bit (W.°- W37) is set. Next, the lover
six bits of Q are sent to X, end the X to O circulation bit (WL2- W30) is set.
_ The Output Resume circulstion bit (W.°- W27) is set when the conditions
exist s described in the peragraph on Six or Seven-bit Words,
 When the X t0 O circulstion bit and the Input Resume circulation bit are
set the contents of X are sent to the O-register, end since only six-bits of in-
formation were sent from Q to X, the seventh bit of the O-register will alvays
contain a zero. The Output Ensble signal is sent to the external equipment
end 1t semples the contents of the O-register. Then since C is d'c, the C-
register is shifted o contain 'b, Q is left-shifted six places, the lower

six-bits of Q are sent to X, and the X to 0 circulation bit is set. When an
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Output Rgspme signal is received, the contents of X are transferred tq the O-
register, and an Output Eneble signal is initiated. Because C is d'p » Cis
shifted to d'a, Q is left-shifted six places, the lower six bits of Q are sent
to X, the contents of X are sent to ihe O-register when an Output Resume signal
is received, and an Output Eneble signal is sent to the external equipment.
The contents of C are d'a, so C is shifted to contain d'd, Q is left-shifted
six plaeces, the information in the lower six bits of Q is sent to X; and when
an Oﬁtput Resume signel is received, the contents of X are transferred to the
O-register. An Output Eneble signal is sent to the external equipment, and
since C contains d'd, the output sequence is completed.

Co EXTERNAL FUNCTION. - The External Function enab;l.es the computer to
select and operate the output equipment through the progrem by usving various
codes. These codes are first put in the F-register, then the computer signals
the external equipment that the F-register contains a code, and finally the
external equipment completes the specified ‘operation‘.

(1) F-REGISTER. - The F-register, shown in Drawing 87073, Volume 8,
page 20, 1s & fifteen-stage register that controls external operations. A
typical stage of the F-register is shown in Figure U4-53.

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

bit are two megnetic switch cores.

(b) TRANSMISSIONS TO AND FROM F. - Before transmissions ere
made to F, the register is cleared by N2530°
1. CORE F, - This core transmits information to the
external equipment,
2, CORE F°, - This core receives information from the U-

register under the control of Nsa'
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(2) EXTERNAL FUNCTION CODES. - On 21l external function instructions

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

external equipment according to the following conventionss

XXX XX XXX XXX  xxx _ F-register (binary)
X X X X X F-register (octal)
a b c d e

Let the symbels &, b, ¢, 4, énd 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 exteznal'function codes.

' (=) CLASS DESIGNATION. - This digit is constantly monitored by
all external unité. When & class designation other than zerc is specified,
the unit designated in the remainder of the code is to supercede the currently
assigned unit in the specified class. Thié means that the currently assigned
unit in that class mist recognize this fact and disconnect itself from the
line. The octal digit assignments specifying the various classes ares

O (EXTERNAL CONTROL). - This condition indicates that
an external confroi function is to be executed. The
external control génerally consists of power switchingv
rather thaﬁ switching of information signels. In the
converter, however, three funétions not considered
strictly power switching are précedéd‘by’"o". These
afes Write Tape Merk, Rewiﬁd Last-Seieqted Unit, and
Backspace Last-Selected Unit;

1 (INPUT or READ SELECTION). - The presence of the Input
"or Reed function indicates that a new e#ternal input

is to be connected to the input lines.
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2 (OUTPUT or WRITE SELECTION). - The presence of the
Output or Write function indicates that a new external
output is to be connected to the output lines,

 (SENSE SELECTION). - The presence of the Sense function
indicates that & new external unit is to be connected to
the external sense line. .

3, 5, 6, T (EXTERNAL FAULT). - The presence of any one of
these conditions will cause the external fault line to
be energized.

(b) CONTROL DESIGNATION. - This digit of the external function
code designates which of the external cpntrol units will interpret the remain-
-der of the digits. The fo;lowing list agsigns a value for this digit to each
of the types of external equipment.
1) RELAY CONTROL
2) TYPEWRITER CONTROL
3) PAPER TAPE CONTROL
L) CONVERTER CONTROL
(c) FUNCTION DESIGNATION. - The Function digits are interpreted
by the various external control units and specify the particular function to
be performed by that unit.

In the case of control designators (digit b) other than L, these functions
consist of starting or stopping motors and energlizing or dropping relﬁys. For
control designation 4 (converter) the functions are as followss

| O - perform function (digit a) on last-selected unit
1 - perforn function (digit &) on selected card reader
2 - perform function (diglt &) on selected tape unit

3 - perform function (digit a) on card punch
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l_l-h- perform function '(digit a) on printer
Since the Sense condition (digit a=li) will not chenge the status of eny
piece of equipment, the control designator is not important (es evidenced by‘
X in the c digit position) for this operation.
(d) SUB-UNIT DESIGNATION. - These digits are interpreted by the
vp.rious external units and may have a different meaning in each case. For the

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

‘tepe units for relay control, this specifies the relsy number.

(e) Ssme ss (d) asbove.

(£) LEGAL CODES. - The following is & list of codes recognized
by the external equipment and the function of each code. An X i'épresents
an insignificant octal diglt for the case being considered.

OX XXX EXTERNAL CONTROL

01X XX External Relsy Control

01101 Energize Reley One
01501
01102 Epergize Relay Two :
01502 e =
011053 Energize Relay Three
01503
01201 Release Relay One
01601
01202  Release Relay Two
01602
01203 Release Relay Three
01603

02X XX Typewriter Control
021XX Start Motor
025XX
022XX  gtop Motor
0o26xx B
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03XXX Paper Tepe Control
0351x1 Start Photoelectric Reader Motor
035X1
031X2 giort High-Speed Reader Motor
035x2 igh-Spee
031Xbh g -Speed Punch Motor
035%4 art High-Spee
031XxT Start ALL Motors
035XT
8 g é § ; Start Photoelectric Reeder/High-Speed Punch Motor
8 g :,').‘ ; 2 Start High-Speed Reader/High-Speed Punch Motor
032X1
036xX1 Stop Photoelectric Reader Motor
032x2 -
03 5 X 2 Stop High-Speed Reader Motor
ol
032X L
036Xk Stop High-Speed Punch Motor
032x7
g g 2 i g Stop Photoelectric Beadeq/High-Speed Punch Motor
° ; _2 § gy Stop High-Speed Reader and High-Speed Punch Motor
OUXXX Converter Control
oOkoo0O
oLo11lo
oL oaoo Turnoff I/0 indicator of last-selected unit
oko3o0
okoo1l
oko
0 ﬁ 0 é i Write Tape mark on last-selected tape
oho31

4-214

708 Xd



4-5¢

Paragraph

THEORY OF OPEDATION

NAVY MODEL CXPK

Turn on I/0 Indicator of last-selected unit

Rewind last selected tape
Backspace last selected unit

Select Card reader

Select tape unit O
Select tape unit 1
Select #ape unit 2.
Select tape unit 3
Select tepe unit b
Select tape unit 5

AN LAY AW, AW & WS U g g & OOO0OO0 QOO0 L B B By [sUa eV el LAV AW, 2V o WS S g R 5 [IaNiaNTaY
OANM OdAUM OHdAUM oo O IO o QIO o a4 \0 oI oA TWO (@ R al = Ve ]
eNeoNoNeo/ leNoNoNeo/ [eNeoNoNo At~ QA Ay 2&22 (SUN U QY Bal A 41 Qo ot
loNeoNeoNeo/ eBoNeoNe o NeNeNeo) loNeoNeoNe] OO O0OOo QOO0 (o NeoRolo) eNeoNeNe) OO 0O (oo NoNe]

08 Xd

4-215



Paragraph

4-5¢

4-216

ok2o06

g t g ﬁ g Select tape unit 6
oh266

ok2oT

8 t g ﬁ z Select tape unit 7
oL26T

ok210

8 ﬁ g g g Select tape unit 8
okaTo

ok2a11

8 ﬁ g g i Select tape unit 9
oharT1

ok300

8 t g ﬁ 8 Select Card Punch
ok360

oklkoo

okh2o

oL Ll o Select Printer
okho6o

1 X XXX INPUT SELECTION
12X XX Typewriter Input
12X XX Select typewriter input
13X XX Paper-Tape Input |
13xXx1

13XX5 Select Photoelectric reader input

13XX2

13XX6 Select High-Speed reader input
14X XX Converter Input

14100

1hk120

14 14 o Read cards

14160

NAVY MODEL CXPK
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PO MO PO PO MO PO PO
HFH ©00 =939 OO0 vl FF&F WWwW Pp HKHE 00

PO PO PO PR PR PO PP PO PR PO PO PO PP PP PP PP PP
oo

FE O FFE OFE OFFE OFFE OEFE ORE OTF OFFEOEFE OFFE OFFE OFFE OFFE OFE OEFE OFE
OE O OF OF OF OF OF UWHE WK PO

AANON i\

FE VW PP R

kmwwe
Mﬁt@e
Read taepe
Read tape

;mmt@e

R@dmm

MMtwe
§Mt®e
Read tape
Read tape
Read tape
Read tape
kwt@e
Read tape
kﬁt@e
Read tape

‘Read tape

unit O (coded)
unit 1 (coded)
unit 2 (coded)
unit 3 (coded)
unit 4 (coded)
unit 5 (coded)
unit 6 (coded)

unit 7 (coded)

unit 8 (coded)

unit 9 (coded)

uni£ 0 (binary)
unit 1 (binary)
unit 2 (bihary)
unit 3 (binary)
unit 4 (binary)
unit 5 (binary)

unit 6 (binary)
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A ﬁ 2 ¢ T Resd tape unit 7 (binery) |
11250 Read tape unit 8 (binary)
i‘ t g '57 i Read tape unit 9 (binary)

2X X X X OUTPUT SELECTION;
22XXX Se;ect 'i'ypewriter Output
22X XX Select typewriter output
2 3X XX Select Paper-Tape Output
23X XX Select High-Speed punch output

24 XXX Converter Output

g t g g g Write tepe unit O (coded)
g ﬂ_’ g gi' Write tape unit 1 (coded)
iig g g Write tepe unit 2 (coded)
iﬁgg ; Write tape unit 3 (coded)
g t g g ﬁ Write tape unit 4 (coded)
g it g g g Write tape unit 5 (coded)
g it g g g Write tape unit 6 (coded)
2h207 .

2l o g7 Write tape unit 7 (coded)
2hk210

2l o 30 Write tape unit 8 (coded)
24211

2l p 31 Write tepe unit 9 (coded)

4-218

08 Xd



X 804

NAVY MODEL CXPK
THEORY OF OPERATION

24260
242kl Write
24261
2h2h2 yrite
2h o262
24243 yrite
24263
211-2.’4-1# it
a6l T
2h2ks 1t
265 e
2h2h6 y
L2066 "Te
2h2bT
242617 Write
2L 250 yrite
2270
24251 yrite
2h2T71
23500
24320
e Punch
24360
2&300

2 20

ol lyo Trint
2L 460

tape unit O (binary)

tape unif 1 (b;nar&)
tepe unit 2 (binary)
tape unit 3 (binary)
tape unit b (binary}
tape unit 5 (binary)

tape unit 6 (binary)

tape unit 7 (binary)

tape unit 8 (binary)

tape unit 9 (binary)

Cards

on Tabulator

4 X X X X SENSE SELECTION

4 1 X XX Sense Relay Control

41X 01 Sense Relay One

41X 02 Sense Relay Two

41X 03 Sense Relay Three

Paragraph
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Sense Switch One

HHP R
e

Sense Switch Two

PP

Sense Switch Three

HERE PR
~VIVH U s e

ACAC AVIAN ||

3 Sense Paper-Tespe Control

Sense No Tepe in Photoelectric Reader

Sense No Tape in High-Speed Reader

FEOFFE X O FEFEFE OFEEE R

G AN i NN >
PAPd BB M BB DB BB BB BB

R M
A

L 4 X X X Sense Converter Control
LkXXoO %memy@fmemuwmycmﬁﬂms
L. h X X 1 Sense Read/Write Check
b L X X2 Sense I/0 Indicator
bleX X 3 Sense Short Trensfer
L 4 XX L4 Sense Long Transfer
(3) EXTERNAL FUNCTION SEQUENCE. - The External Function sequence,
shown in Drawing 87725, Volume 9, pege 9k, sends an External Function code to
the external eguipment initiating a specified operation,

The External Function (instruétion 70) sets the Add B to U circulation
bit (wg§= wig) which, when cleared, adds the contents of the specified B-box
to the lower fifteen bits of U and sets the External Funection circulation bit
(WiO.- Wao);'

30 30
The Master Clear sequence sets the Externsl Function Resume circulation

bit (W;$° Wzg) g0 the First external function instruction after the master
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clear sequence does not wait for an External Function Resume signsl. If
there was a previous external funection instruction; the computer mst wait
for an Externel Function Resume signal signifying that the p_revious funetion
'is completed. The External Function Resume signal sets the External Function
Resume circulation bit (W+°- w3°), |

‘ er 67 -

When the External Function circulation bit and the Externsl Function Resume
circulation bit are set, the contents of the 'loﬁer fifteen bits of U are sent
to the F-register, en External Function Ensble signal is generated, and the con-
tents of the F-register are sampled by the external equipment. |

(a) EXTERNAL COMMUNICATION LINES. - There are & 'botalbof 38

) connmm_icat;[oh lines between the main machine and peripheral equipment. ‘I‘hgse .
lines are directly coupled and are of identical electrical characteristics.
(See Drawing 875&3 » Volume 12, page 2.) | |

1. FUNCTION LINES (15). - These lines originste in the
main cabinet and are continually monitored by the externa.l equipment. The
electric typewriter recéives information from 1l liness ll lines; send informa-
. tion to the high-speed reader, high~speed punch, and photoelectric fead.er,
thile the converter receives information from all 15 lines.

2. FUNCTION ENABLE LINE (1). - The External Function
Enable line originates in the main computer and goes to all externsl equipment.
This line is energized in the execution of an external function instruction end
signals the external eguipment that the F-register lines are ready for trans-
lation. |

) 3. FUNCTION RESUME LINE (1). - The External Function

Resume line origiﬁates in the external equipment end terminates in the main
cabinet. This line signals the computer that the external function has been

performed,
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. , L. INPUT LINES (7). ~ The input lines originate in the
external eg,uipment ’and teminaﬁe in the computer. Only si;c input lines trans=-
fer information from the converter and electric typwriter, but the high-speed
reader and photoelectric reader send information through seven input lines.

5. INPUT ENABLE LINE (1). - This line originates in the
main cabinet and signals the external equipment thet an input operation should
proveed. This line is energized directly by the input instruction code in
the main cabinet and remeins energized until the instruction is completed.

It signals the external equipment that the computer is ready for more infor=-
metion, |

6. INPUT RESUME LINE (1). - The Input Resume originates in
the extfernal' eq_uipmept gnd terminates in the computer. This line is activated
and de-activated at a rate detemined by the input equipment end is asynchronous
with thg main machine‘. The line is asctivated at the time the input lines are
to be sampled and de-activated any time before the next sample period. It
signals thelmain computer that the externel edquipment is reedy to transmit more
information.

T OUTPUT LINES (7). = The Output lines originate in the
computer and go to each piece of output equipment. Only six output lines go
to the converter and electric typewriter, but all seven lines go to the high-

- speed punch.

8. OUTPUT ENABLE LINE (1). - The Output Ensble originates
in the computer and éignals the external equipment that an output operation
shomld proceed. This line monitors the O-register lockout and is energized
as long as the register contains output information.

9. OUTPUT RESUME LINE (1). = The Output Resume line orig-

inates in the externsl equipment and terminates in the main computer. This
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line is activated and de-activated by thg extemal_ equipment end islasynch'ron-
ous with the main machine. The line is activated at the time t}ie output lines

are sampled end de-activated any ‘time before the next sample period. It signals

- the computer control that the .oufput register is available for a new entry.

10, EXTERNAL SENSE LINE (1). - The External Sense line

originates in the external equipment and terminates in the mein computer,

This line monitors an external condition as specified b& a previous exterﬁgl_
function and is available for sensing by the Sense Jump instmcti'on.

1l. EXTERNAL DISCONNECT LINE (1). - The External Discon-
necf origi_na‘ces in thé extérnal equipment and is energized in the event that
the e:;terna.l unit can no longer participateﬁ in a transmission with the computer
It vclears* the Repeat blt register and initistes the Reed Next Instruction
sequence after the completion of the current instruction cycle;

12, EXTERNAL FAULT LINE (1). - This line originates in
the electric typewritér and terminates in the main cebinet. It 1s energized
when an external code of 3 X XXX, 5 X XXX, 6 XXXX,or TXXXX is
called for., When energized it causes the computer to stop operation snd turn
on the Temperature Fault (TFT) light. Feult lines to the Converter and PT
Cebinet are included in the External Communicetions Csble, but are not
connected to those units. |
4-6, POWER AND COOLING

8. GENERAIJ. - The Bogart computer is designed to cperate on the power
usually available from power companies in the U.S.s¢ 115 vac, 60 cps one-phase
povwer, and 208 vac , 60 cps, three-phase power. The 115 vac is used directly
to operate certain non-computing elements such as blowers, interlock relays,
etc. In order to obtain a voltege which is free from power surges » reliably

constant, and more easily filtered after rectificetion, the 208 vac is converted
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to a»oo‘yac , 400 cps, thme-phase{ power by a motor-generator combingtiono _
'»I‘hisvppwer is then voltage-regulated and distributed to various transformers
and power supblieso

In order to prevent excessive ambient temperatures from d:ama.ging compon-
ents, a cooling system is furnished with the Bogart computer., The heat produced
by power dissipation in eleetronic circuits (especially vacuum=tube filaments)
is married off by forced convection of water-cooled air.

b. POWER SUPPLY AND DISTRIBUTION. ~ The main power supply for the Bogart
computer consists of a motorwgenerator which furnishes regulated a-c power to
all ’_Lmitso Each unit then converts the a-c power into its required a-c and d-c
voltages by using transformers and rectifier circuits.

The various motors are run bjr unregulated a-c power from the house wiring.
Fuses and eircuit breakers are used for overload protection.

) (1) PBIMARY POWER DISTRIBUTION. - The house wiring furnishes 208
vae ,‘Fh;*'ee-plgase s 60 cps and 115 vac, one-phase, 60 cps power for operation of
the computer. The 208 vac power sﬁpply,, shown in Drawing 87T4l, Volume 11,
page 5, operates the motor-generator that supplies the 200 vac, 400 cps power.
This power is regulated by the exciter-regulator before it reaches the comput-
ing equipment. The 115 vac power is distributed and used as described in 115
vac Distribution section,

(a) MOTOR~-GENERATOR. = This unit furnishes 400 cps a-c power
to the mein computer. A 25-horsepower induction type motor, operating on 208
vec, three-phase, 60 cps, drives the generator at 3510 RPM. The generator is
a 15 kva, 200 volt, 40O cps, threesphase inductor alternator. (See Figure
bosk),
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L INE
FREQUENCY

LINE
CURRENT

LINE
VOLTAGE

POWER
ON

M-G START- LOCAL -REMOTE MANUAL
STOP SWITCH CONTROL
MOTOR AUTOMATIC AUTOMATIC-

STARTER CONTROL MANUAL SWITCH

MOTOR GENERATOR

Figure 4-54. Motor Generator and Exciter Regulator Controls
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(b) EXCITER-REGULATOR. - The exciter-regulator provides a plus
or minus one percgant vo;l.’ca.ge regulation_ under all .balanc_.ed logading conditions
with;tn the__ alternator rating. On the penel of the regulator are found three
meterss (2) Output smmeter, indicating Line Currents (b) Output voltmeter,
indicatin_g Line Voltage, (c) Vibrating-reed output frequency meter, indicating
Line Frequency. In addition to the meters; there are three switches, one Off/
-On switch, an Automatic/Manual switch which has associated rheostat controls
for both Automatic and Manual adjustments, and the Local/Remote Switch. The
Loe@;],/Remote switch is a modification which allows the voltage to be ‘x‘w:egulated
by k/ai remote voltage control located on the distribution panel of the main com-
puter. See Drawing 877hklL, Volume 11, page 5 for a circuit diagram of the motor-
generator, regulator, and associated circuits. The input to the regulator is
115 vac, single-phase, 60 cps. The exciter-regulator is used to supplj di:t?ect
current to the alternator field and to maintain the terminal voltage constant
as load is applied or removed. The exciter section rectifies the 60-cycle
powar and delivers direct current to the alternator field. The regulator sec-
tion; rectifies the alternator output voltage, compares it to a standard direct
eurrent voltege, and controls the exciter so ﬁhat the proper amount of direct
current is fed into the alternator field.

“The electronic exciter-regulator is a non-overloading type. That is, with
unity pﬁwer factor or lagging power factor loads, it will supply increasing
current 't@ the fleld up to the limit of regulationo If the alternator is
laad&d brey@nd this point, no more excitation current will flow and the alter-
nator will act as if excited constently with maximum rated field current.

No immediate demsge will occur to the alternator unless this condition is
continous, whereby an excessive temperature rise in the field winding may

occur. During this condition, the alternator output voltage will drop sharply,
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recovering as the load is reduced to the machine ratiﬁg°
; (2) STANDARD CHASSIS POWER SUPPLY. - The regulated 200 vac supply
1s digtribuﬁed to each of he chassis as Sh@wn in Drawing 87742, Volume 11,
page 6» . There it is converted:into +450v, +200v, 48v, and 6.3 vac power
supplies, as shown in Drawing 87’05, Volume 11, page 1. The +h56v supply is
produced from the 200 vec supply tnrough a step-up, deita-wye transformer and
full—vawe rectifier ¢ircuit. The +200v supply is produced from the 200 vac
supply through a delta«wye transformer and o fuﬂawave rectifier circuit. The
+h50v and +200v power suRplies are used in praducing the .Read end Trensfer
Pulsezgircuitsf -

The.+8v sﬁpply is pfodnced'from the 200 vac supply through step-down,
delta-star transformer and a full-wave rectifier circuit., This supply is
furnished to bus bars which distribute the +8v to the circuit cards. The +8v
frpm»Chassis 10100 is glso used on Console manual switches as shown in Drawing
‘12;2790}‘Tpe 6.§_yg¢ fou:—ampere_supply is produced from the 200 vac source
through & step-down, delta-wye filement transformer and is distributed to each
Gf the eight vacuum tubes.

| (3) cLocK CHASSIS POWER SUPPLY. - The clock chassis uses the seme
power supplies as‘the main chassis as described in the preceding section.
However, it also uses av6°3 vac, 1lO0-ampere powef‘supply which 1s produced from
the regulated 200 vac supply through e step-down, delta-delta filament trans-
former and furnished to bus bars located on the chassis. This circuit is
shown in Drawing 87740, Volume 11, page 2, . - S

. (4) CENTRAL POWER SUPPLY. = The regulated 200 vac power ;upply is
converted iﬁto_+150v, +60v, +8v, =lbv, -25v, -100v, =125v, =165v, 6.3 vec, and

various bias voltages as shown in Drawing 121290, Volume 11, pages 3 and L.
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These voltages are distributed to each chassis that is associated with memory.
The +150v +60, =100v, -125v, and -165v supplies are produced from the 200 vac
supply through step«down; deita-wye transformers and full-wave rectifier
cireuits, The Read, Write and Inhibit bias voltages asre teken from the -125v
source and controlled by Helipots RO1l, R02, and RO3, Drawing 877h2, mounted on
the circuit bresker panel in the main cabine,

~ The 48v, ~liv and -25v supplies are produced from the 200 vac supply
through step-down, delta-ster transformers and full-wave rectifiér circuits.
The -Sense Amplifier bias voltage is taken from the +8v supply and is controlled
by Helipot RO4 mounted on the main csbinet.

The 6.3 vac supply 1s produced from the regulated 200 vac supply through
& step~-down, delta-wye filament trensformer, This supply is distributed to
bus bars, )

(5) CARD VOLTAGE SUPPLIES. - Some electronic circuits in Bogart re-
quire voltages other than those produced by transformer-rectifier circuits.
These circuits have low power and stability requirements, so that voltages
obtained from resistors used as voltage dividers are sufficient.

Stability to high-frequency load variation is provided by & small con-
denser in parallel with the load. All voltage divider type supplies are
located on the printed-circuit cards which they serve.

“Bach stendard magnetic switch card has a voltage divider wimich produces
-+2 volts from the +8 volt supply. The +2 volts power is also produced on the
Manual Set end Indicator Light (M.L.) cards.

All transistor switch cards and resynchronization delay cards L4009 and

4010 hold dividers which produce -3 volts from the =15 volt supply.

708 Xd

Type 4012 line drivers, and 9118 and 9122 pulse stretchers, contain divid-

er-type supplies which produce +5 volts from the +8 volt supply.
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Card»‘cype 4005 contains a +100 volt divider supply and no other circuitry. ‘
The +100 volts is produced from the +200 volt supply.
(6) 115V AC DISTRIBUTION. - The unregulated 115 vac, single-phase,
60 cps power supply is teken directly from house wiring and used to operatg
various pieces of equipment..
The 115 vac supply is distributed to four service ouﬁlets 5. the memory -

warming coils, and four 1/8 HP blower motors in the main cebinet, as shown in

Drawing 87742, Volume 11, pege 6. This supply is also sent to the Running

Time Meter in the console cebinet as. shovn in Drawing 8"{"{&5, Volume 11, page
1, and to the exbernal equipmento
- The 115 vac supply is used in the typewriter cabinet to run the electric
typeﬁriﬁer 4mo__tAor, as shown in Drawing 121299, Volume 12, page 23. The 115 vac
supply 1s dissributed in the. j;aper-tape caebinet to the photoelectric reader
motor, the highvspeed‘maGEr motor, the high-speed punch motor, the 'cwo fan
motors, and the high-speed liéhtq
c. PROTECTIVE MECHANISMS

(1) OVERLOAD ?ROTEGPIONa - Fuses and a-c circuit breakers are used
ih the Bogart computer to preirent the flow of }excessive currents which might
demage components. An a-c circuit bresker "opens the circuit in the presence
of excessive current, end is reset by.simply\“‘\setting the handle back to the
ON position. . It can be used o?tiona.lly as & switche Indicators in the form
of small colored lights are used to signify various conditions throughout the
computer.

| (2) PRIMARY SOURCE. - Primary overload protection is provided

by & 50-empere House Protection Circuit Bneakef (Drawing 87741, Volume 11,

page 5) in the output lines of the 200 vac, 400 cps alternator which protects

4-229



Paragraph NAVY MODEL CXPK
4-6¢ . . ‘ THEORY. OF . .OPERATION

the motor-generator system as well as the computer.

(b) MAIN CABINET. - AC circuit breakers are pyramided within
the main cebinet so that each individual chassis is protected from demsge, and
the overall current is limited to a safe value. This protection system is
shown in\i)x_f‘awing 87742, Volume 11, page 6.

The 20& \v\ac , 10O cps power is run directly into the mmin cabinet, where
it is divided gb\\go to the external equipment and to the circuits of the main
cabinet, When pm:;er is supplied to the main cabinet, the two red Power On
lights on the front 6:E‘ the cabinet are lit. A 25-ampere circuit breasker (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 cir_"cuits.r An identical ecircuit bresker (CB22) protects the
external equipment from overall cuXrent exceeding 25 amperes.

Each chassis (10100-11900) within the mamin cebinet is protected by its
individual 1l.5-ampere circuit breaker (CBQl-l9); “then eny one of these chassis
circuit breekers is open, the Tripped Breakex_- indicator ligin‘p » located above
the line voltmeter on the distribution panel, is illuminated.

In g.dditi_on to thg 200 vac, kOONcps power, the ms.in‘ cebinet 1s wired for
115 vac, 60 cps power. This is sent to the motors, etec., in the exteml.~
equipment, and is used by the blower,motgrg within the main cabinet. Each
branch of this circuit contains a 25-31@9;9 circuit breaker mounted on the
distribution panels CB21 for the main cebinet, CB23 for the external equipment.

(@) EMERGENCY SWITCHES AND INTERLOCKS) - In addition to fuses and
circuit breakers which protect the electrical components in the system, the
i.“ollcming'means are provided to insure the safety of personnel and are shmm”
in Drawing 87742s |

(=) EMERGENCY OFF SWITCHES. - Four of these switches, located

4-230
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on the circuit breeker 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 ecircuit to the motor generator set. These red pushbuttons are evenly
spaced along the panel so as to be readily accessible to persons working in or
near the main cebinet.

NOTE

THESE EMERGENCY ﬁUTTONS DO NOT REMOVE

115 VAC, 60 CPS POWER FROM ANY UNITS

IN THE SYSTEM)

(b) TEMPERATURE INTERLOCKS

1. LOW-TEMPERATURE THERMOSTATS, - Evenly spaced along the
back of the circuit breeker panel are elght low-temperature thermostats. When
the temperature of the g.ir surrounding one or more ofn ﬁheée devices e:;ceeds
95°F.,, the thermostat trips and a relsy puller in the console is energized,_‘
causing the Tempersture Fault indicator (FLT) on the display panel to register
a "1" instead of a normel "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 faunlt stops
the computer as explained previously. when the air around the low-temperature
thermostat falls below 94C°F., the device sutomatically is reset, and the smber |
light is extinguished.

2. HIGH-TEMPERATURE THERMOSTATS. - The brackets which
support the third end the seventh low-temperature thermostats also carry the
high-temperature thermostats. When the temperaturse in the cabinet exceeds
1209F., either of these two devices will open the holding-coil circuit to the
motor generator, t_hereby removing 400 cycle power from the entire system,

These interlocks do not affect the 115 véc s 60 cps distribution to the computer

or its suxiliary equipment,
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d. COOLING SYSTEM , ’
(1) DESCRIPTION. - The coolihg sysm»féaums 46°F, to 50°F,

-cooling water and e room temperature a'l'; approximately 80°F, meximum st 60
percent relstive humidity or lower. |
coil and four blowers which circulate the air in amclosed type system. The
water-cooled sir streams enter the chessis side of the cebinet through adjust-
able overlepping grills located at the bottom of each bay and recirculate
through the cooling coil.

Special grilled tops and bott;ﬁs arebprm}ided foi- the cabinets in case the
contractor has air cooling plenums afraiiable on which to mount the electronic
cabinets.

The other cabinets of the computer system are individually air cooled by
blowers which circulate the room air.
©  The portion of the main computer cebinet in back of the chassis houses air
filters, one water coil, four blowers, water flow controls, snd & condensate
drainage system, The air filters, which preveﬁt dust from enetering the equip=-
ment, are oil-coated aluminum anodized filters of the type that can be cleaned
a.nd re-used, Four blowers, wiii;h a capaclty of about 1,800 cfm., are driven by
four 1/8 HP motors. One six-row, five-foot, counter-flow water coil is located
between the filters end blowers. The rate of water flow through the colls is
detgmiped‘ by the temperature of the air as it enters the cooling coils. The
temperature is detected by & thermostet which, in turn, controls e modulating
‘fq.lve in the input water line, If the water content of the room eir is rela-

tively high, and the cebinet doors are opened, the moisture is removed by con=-

708 Xd

densation on the eooq.ing coils as the air temperature is dropped below the dew

point. The condensate 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 cleosed
very little condensate will be formed.,
(2) AIR CONDITIONING DATA., - Requirements and date for the air con-
ditioning system are as followss
Cooling water temperature (Input) o o o o o o 6 o o o o o 50°F, max,

Cooling weter pressure (Input) o o o o o o o o o o o o ¢ o 60 psig min,
100 psig max.

Pressure drop through cooling systeém o o o o o o o 0 o o o 4O psig max.

Rise in temp., of cooling water during heat exchange . . - 9°F.

Air temperature In cOMPULET o o o o s o o o o o o o o o o 64°F, to 80°F,

Meximum allowable relative humidity o o o o o o o o o o o 60%0

Blower capacity < o o o o o o o o o 0 0’0o 6 0 o o o o o o 1,800 emf

It is to be noted that the temperature in the main computer cabinet must
be kept under 95°F. since low-temperature interlocks are provided t6 prevent
operations at higher temperatures.

If the temperature should exceed 120°F. the high-temperature interlock will
cut off the_ power supply.

The customer must supply the cold water, insulated cold water pipes s and
condensate drain pipes. It is recommended that the condensate drain be at
least a 3/ 4 inch p'ipeo This is a gravity system with the condensate_ collecting
pan located sbout 6 ],/l&- inches abcvé the flo@r? Although the coiﬁl.drwater_ connec~
tions to the computer are 1 1/k ‘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 psig through the computer ccoling coils to allow
control’_vith the modulating valve. Pressures greater than 100 psig should be

avoided.
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BOGART INDEX
INSTRUCTION BOOK SERIES

Title Bogart Volumes

General Description 1
Operation 1
Installation 1l
Theory of Operation 2
External Equipment 3
Maintenance L
lain Computer Equations 5
External Equivment Equations 5
Printed Circuit Unit Signal Diagrams (Memory) 5
Jack and Wire Tabulations 6
Jack and Wire Taebulations 6
Jack and Wire Tabulations 6
Jack and Wire Tabulations 6
Jack and Wire Tabulations 6
Jack and Wire Tabulations 6
Parts List (Bogart, Meccano; and Tester) 7
Logic and Command Logic Diagrams | 8
Instruction Sequence and Timing Diagrams 9
Schemafic Diagrams 10
General Circult Diagrams

(Bogart, Meccano and Tester) 11
External Equipment Diagrams 12
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SPECIAL EQUIPMENT

(1) MECCANO ANALOG/REAL-TIME INPUT EQUIPMENT

Section Title Meccano Volume
1 General Description i
2 Operation 1
3 Theory of Operation 1
b Maintenance 1
5 Meccano Equations 1
6 Jack and Wire Tabulations (Separate binding)

(2) BOGART TEST EQUIPMENT

Section Title Test Equipment Volume
1 General Description 1
2 Operation 1
3 Theory of Operation 1
4 Maintenance 1
5 Tester Equations 1
6 Jack and Wire Tabulations (Separate binding)

(3) BOGART MANUFACTURING DRAWINGS

Numerical listing of all
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Manufacturing drawings

(Separate oinding)
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AbbreViatiOnS, glossary O eeccecscsseccens 2 h-lb h-6
Abbreviations, glossary of (special) for
External Equipment tesscecesrssccoscsssssas 5 5-lb 5?5
Abbreviations, terms and .oooououc'oo-ooo'.u 6-2 6-#
Accumlator, (A-register) ...eeeeeevesaees 1 1-5b 1-19
2 k-3 k=11
As an arithmetic register cecevecececs 1 1-5¢c 1-20
Fil’st Stage Of co.ocnooooo..oonoootota ll'-BB )"'-115
Add Constant instruction (31) .eeeeesernos 1 - A-29
Adder,
Main DRI I B S ST ST IR B R SR SP A SN A I S I S A A 2 A-Bf 4'126
1 1-5¢- 1-120
U-register etsseescsssses 0t l l-5d 1-121
2 h-2c h-57
Add instruction (32) e9eevsc00sssescn et l A‘BO
A-dd.ition, Bina.’!’y a-nd Octal 'ta.bleS secsscecs l B-l
Addition, sequence DR I I A S S S A A R A N X ) 2 A‘Bg h_lie
Add Logical Product instruction (51) ..... 1 A=l
Address,
Base execubic. seecacsrsecrsssessacrens 2 h-2e L-57
MOdifiC&tiOH teceascteseerssesvrersse O h-gd A—?5
Checking the contents of seeeceesescs 1 3-Le 3=23%
Add Replace instruction (33) ..eveeesvenas 1 CA-31
Add Q and Store instruction (36) ......... 1 A=3lk
Advance P disconnect cOntrolS sesesceseees 2 Yh-2g h-95
A Jump instruCtion (17) Sevses et ctcoc e l A‘l?
Algebra, BOOlean Ceees 0 s 0tssv000s 00 teros 2 u-lc . 4-7
AND Circuit, basSiC eeeecsccceccsscvonsneees 2 4~15 u~55
LOgiC diagram of cesecscssecsenssssnce 2 h-5 4-17
AND NOT circuit, Dasic eeecececscsscccccss 2 4=15 L-37
Logic diagram.Of sccescrevressceesacse 2 u‘5 h-l9
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AND input to a transistor sWitCh eececsceecs b 6-8 6-43
A-register (See Accumlator)
Arithmetic
SeCtiOn ®s0000v0s00es0s0s000 00000000 1 1-50 : lfl9
e L-3 L-10k4
SEQUENCES seecescescseccrssssesssacaes 2 Y=3g L-132
Sequence CONtrolS seecesssrcsasscosas 2 L-3h L-3k7
’ Back B7 disconneCt ContrOlS teees s evanssss e 2 u_gg' k-96
Bogart Computing System, eecececsscccssses 1 1-1 1-2
Overall logic diagram Of s.eceseeeces 1 1-4 1-18
Suggested layout FOr eveesccecsecesas 1 2-1 2-3
Bogart COnSOle €0 s e 0030 s e B LB INENOENIRNECLPORETCLES 2 4-30 u-9l
BOOlean Algebra tes0ssasessssssssesencrsee 2 uPlC . h‘?
B-register,
Complete Stage Of sessesreveesvesoens 2 u-6 h-go
First Stage Of eesssssessessssesessee 2 u-27 4'67
B-registers (see also Index Registers) ... 1 1-5d 1-4
' 2 h~2c 4-66
Cable connections,
Computer and Console cabinets cesceee 1 2-9 . 2=17
Convemer Cabinet esesscecsosscsocnse L 2-11 ’ 2"19
Typewriter and Paper Tape cabinets .. 1 2-10 2-18
Card complement, printed circuit ceesceees L 6-3 ¥ 6-25
Card punch (IBM) P00 s P sPeLGILEOIETBIROETEOIROETPYOSEOETDRE 3 5‘50 5-121
Cafd reader (IBM) ovu.uo.ovo-oo.oloooroooo 5 5-5d ’ 5-125
Card types (megnetic switching circuits) . 4 6=UDp : 4. 6-27
Card type 3015, Schematic Diagram of ..... 2 h-37 : YIo)
Chassis,
Front VieW of standard IR E R 2 4“19 ll--1+2
Rear View Of Standard Seesesssssscece 2 )4'"18 h‘"’h‘l
Localbions seececscessssocsssoscsscnas 6"13b ) 6"13
Chassis 30100, DPOrtion Of .eeeeeesceonsoesolt 6-33 6-123
Circuit,
Basic AND LR BN 2N BN B BY BR BN NR BN BE BE NE B BN Y BN BN RY BN B BB AN 2 l"-lc )+-29‘
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Basic AND NOT veveeeceosooscnnsosancns 2 h-1c ’ 4-33%

Basic OR ctecetessectasestasessssreseee 2 )+"1C Ll"‘al
Basic t:ansfer ee s s cesss0 000 0ss0ssas e 2 h-lc h'??

Circuit breaker and fuse 10cations .eeeee.. b 6=-6 % 6-118
Circuitry, CloCk sececescans titesiienceneas 2 4-2p h-45

Circuits,
Magnetic switCh ceeeceecseccancncsannne
Program control c.cecececssscecssscanes
Resynchronizing «ceeseecscocssssenceas
Special ceeeveosccrcccarrsenassancnnnns
Standard ciciecceccsccacscecctsnnssons

k-3¢ 4-18
h-24 L-75
L-2p h-55
6=k 6-27
h-1c 4-13

N o

4-1b 4-2
T=3a 7-385
T-ka =532
5=1a 5-1
T=5a T7-603
T=2a =3

Circuit symbol assignments, scecececveccsss
CONVETter sicecaceocesssrcecanssnansas
Electric Typewriter .cciicecevscaccacss
External Equipment ceecececcceccvcsaes
Paper Tape ceecessecscecsssccassocssss
Main COMPULEY cecesecectcsancsascocons

N\ \JT\U1 o

L-2d L-87

N

Clear A contrOl cieeesecicecscosscacnnnscns

no

Clock oscillator, WAVEfOITS seeeesssacsaass h-21 4-50

ClOCk, master R R Ry l 1-5d 1-21
Clock system, MASter ceeeeeccescoscscrscance 2 L-2p h-bl
Clock timing diagram ceeeecescecesscr:coces 2 k-20 h-46
Codes,

Color 4 & ¢ ¢ € & ¢ % 0 Q0 0 C 0.9 ¢ 4SS C O T C T QT L LSO 6
6=3e 6-12
4=5¢ - L-209
Yh-2c 4-58

External FUIlCtiOIl LRI A B A B IR N I IR A N
Instmction €8 e s 08 ecs 00t 0000c0 00t 000

o

()
d
(o))

Complement A instruction (I4) eececcccocecs
Complement Q instruction (Qh) R R RN I l A'gh

Computer Console Panels cesesceccscsccanccas

I
=

[}
'—l

Computer tems IEREEENEEENREEENEE IR I I IR NI N N

Console’ Bogart T @ 9 QT O 9GO E T TE OO EOOSTE OSSOSO OTN
Cable connections csecscecessecscoscacs
min‘tenance T 9 6 € 09 & T C O 9O 9P O EEO OO ONOe

Pa.nelS [EE A EEREREEEEEERERENREE IR E R RN NN
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Console cabinet, floor plan and elevation .
Console control panel, lights and switches

Control, .
Bit indicator information .eeecececcees
Clear A teeececocesscsscsssssoasessons
Circuitry, shift cceseececscessacscnne

Panel, ConsOle sievececcssascscsassncs
Panels and plugboardsS eeceeecccecccssss
Program sceeseesessseccscesscssncasses
SeCtiOn seevesssssseresscsscccssasccnss

SeNSe A ceececcctartscoscccnscsccnansen

COntrol Circuits, *® 5 5 09 ¢ 0 ° SO OSSOSO e S
Digit pPlane secieccesscscsccsccsscosns
Operating ceeceeeesessccssssccsssncesss

Controls, :
Arithmetiq Sequence LI IR U RSN I AT BN B A IO N

First level * e 0 s e 000 . S 69 0 0 200 P 0SSOSO
%erat ing ® 09 0000t BN OO0 e 4' 0 000 Q00 P
Second leVel 2es et 0 s erv e 00 sss RO

Conversion, Decimal to Octal table seeeeae.

Conversion from one number system to
ANOTheTr seeeeeerresececsscassossasscssscane

Converter,
Cable connections eeesesescscscassacse
Control panel (maintenance) sececeses.
" Control section sevecesesscesscacesses
Driver chassisS veesescscoccasccssncens

External Function translator ceececees.

External 1ines ceececseacecececassnass
Information section ecesececececsennes
C Parity bit ceeceesicisnniiinineiesanns
PlughboardsS seeecseesscecssssscacececnnns
Plughboard NOo. 1 tecececscscacoccsesses
Plugboard NOe 2 ceevscecssacscscacscse
Read c-o:cc.c-0cao.-ooo.o.--.o.-.o...oo
Read Binary sesecesscsecccssccsesvencs
Read Coded eececesossssccssasccnsssocae

Read/Wirite inDUt eeceeesscceseresaconas

readmrite Output eee0ssessesesssesece
Right front VieW #9000 00 0csescso0scenr

NN ODWMND KM= +

(\VIAVE o

[AV IRV I AV I AV I S

=

6-9a
5=l
6=kt
5-4b(1)
5=4b(3)
5=bc
S5=ke(5)
5=kc(3)

5-1b)

5-Le(1)
5=ke (k)

2-11

5-30
5-31

5-33
5-35

>-27
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L-90
475

D-1

2-19
6-129
5-97
6-87
5=97
5-101
5-102
5=-111
5-104
5=105
5-106
5=97
5=-108
5=-110
5-103
5-104
5=-9k
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Convertér, (cont d)

Right View ceesceescnncanasenas chiinans 5-28 5-95
SENSE seeetecesacssarerassonnessas ceaes 5-4b(1) 5-97
Select register cieeceseceoscecs Cetenee 5-4b(2) 5-97
Translator/EncOGer se.eeesesessasccenss 5-ke(2) 5-103
5=32 5-107
TTiTE teeeeocncoveroerosnsasansesancane 5-4b(1) 5-97
Write Binary ceivecccsrsncssssassenssnna 5=-32 5-107

5=3k 5-109
5-la 5-92

Write COded DI I N R B A S AP SR B S S I I N A I S Y

Converter cabinet seeiecsecsscreccasssancans

DWW FHFHWW WA W WD WA

Floor plan and elevation ceeceececesces 2-6 2-8
I'{E.intena.nce tsteecs s cs s o st e st s s e 6-9 6-128
POWeI‘ diStI‘ibUtiOn S e s et et ccs 00 s et 5-6 5-15
POWeI‘ Supply teecseserasaseteastaseaanne S-hd 5-115
Co0ling, POWETY 2NGA seaeeoceccncns cerencs ceen -6 4-223
Co0ling SYSTEM ecievsesesasscssstasscsonsans L 1==6f 1-25
2 k-8 4232
Core, _
Diagram of Magnetic Switch cceeeeeseaes 2 b7 h-22
Magnetic tces st st ebet st arsctsscotses 2 h-lc u-lS
Core material, Hysteresis 100D Of eeeseecess 2 _ 4-8 Y-23
COI‘e smbols 26 0680 es s eesseteccceocstoaccaon 2 )'l"-l L“-l‘)"‘
Counter, Repeat (B7) Cetecetrencerascrrcnnee 2 L-2c L-67
C-register D R R R R R N N N RN N 2 u-sa 4-204
‘Current Diverter (type 9522) ceeeceeesecesss 4 6H-ke 6-65
Current Diverter (type 9522), waveforms .... 4 6~19 - 6=67
Current Generator (type OHI1l) eeeeececseseses & 6-ke 6-60
Curremt Generator (type 9411), Schematic
Diagram € € & 0 £ 89 ¢ ¢ W 8 C G PSS S CE S O OB T O RS N OO CE POE l" 6-16 _ 6-62
Current Generator(type 9%11), waveforms .... % 6-17 6-64

Diagrams,
External Equipment seeececesccicesccecss 12
General Circuit .ceceececocceoacscoccnces L1
Instruction Sequence and Timing eeceeceee 9
Logic and Command LOZIC cecesccecocccas 8
- Printer Circuit Schematic ceceeesceceee 10
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Digit plane control CirCuits ceescsseceases 2 h-le h-101
Diode card (type 85003) veeeveocscsccensassslt 6-4t 6-82
Divide Step instruction (61) ceeveeeeseeees 1 A-53
Division (SequUence) c.eeeeeeescasesccecness 2 Yh-3g a1z

Driver chassis, Converter .ceeeescocecesses U 6=kr 6-87

n

4-39 L4-159

DI‘iVE lines ® 0 80000000000 sssPOBCNLEIBELELELECE

o3

Electric typewiter e s s0sss s 000 ess e
‘Maintenance sieeceseccsceccerocensanss
EnCOder R N I I I I A A B A A I A A S N W A Y

- om02
6-127
5-80

\J'IClJ\\J'l
N OOV

oUW
o

enter A instruction_(ll) Ceessesecnssnssnan A-13
Enter B instruction (Ol) eeeeeeecsccanesceas 1 A-5

Enter Q instruction (21) eeeeeseceseeecssss 1 | A-21
Equal Skip instruction (64) cieeveeeecreess 1 A-56

Equations and basic circuits, correlation of

2 h-lc h-3Y

Equations, :
CONVETter eseeiessecccscescssscssasssee D 7-3 7-385
Electric typewriter cceeeeeccecscssses 5 7-4 7-53%2
LOZICALl ceeeceocsccsccvacccacsscossans 2 h-3c . k=10
Paper tADE cevcreecescecsscrsscescocce D =5 7-603
Main computer esescssecessccccascancses D =2 ‘ T-3

E}{Ci'ter/regula'tOr € CO QOO IIIPIBLILESEIIPLPRILTEOROGODR 2 ll'-6-b ; }4"-22

Exciter/regulator and motor/generator _ :
controls'.......(............._....".'..'..‘2 u-su LL-225

External discommect ..iesececessecrcececess2 Y=5a _ - k=205
External equipment .......,..;........f.... 4 6=-4f , 6-Th
External fault_..,....,........;........... 2 h-2e k=90
External function eeeesessecssscscsssscssssel h-5¢ k=209
COAES snvsesasrcnsarsrsasessassnssnesee 2 4-5¢ ‘ h-210

InstruCtion (70) R AR NN E KRR RN X l A-6O
Register (F—register) cecsessessssesse 2 4-50 h‘209

'I-8
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PX 804

HJAVY MODEL CXPK
INDEX

FIGURE
SUBJECT VOL PARA TABRLE &

External function (con't)

SEQUENCE seeivrnnaneas ceeees ceteiraaee 2 k-5¢
Translator (Paper Tape cabinet) seeeee 3 5-2g(4)
Translator (Electric Typewriter

CEDINEL) eiieeriinitaiiateneieiaieaans 3 5-3d

Failures, isolation Of ceeieaess ceeeciesees b 6-11b
Faul‘t controls 4 8 4 & 5 & 4 3¢ 0@ s S Ot BSOS CE O 8N 2 A-zg
Fa:u.lt detECtiOD $ 06 et 0 C0 0O S ELOBCELOCEssE RS 2 )4"'26
Feed Pulse shaper (type 85005) ceveeiveean. b 6-Lt
Feed Pulse shaper (type 85005),

‘ Schematic Di2Eram ceeeccecesscoansaaee b 6-27
Feed Pulse shaper (type 85005), waveforms . 4 6-28
Floor area dimension and weights of
majOI‘ llni'tS 6 8 € c6e 88 4ELEs00EELESEEOIEEROCECRTETDSRTSE l 2-7
Floor plan and elevation
(refer to specific unit involved)

F-register, (see also External Function
I‘egistel‘) IR R I N I A R R e A N I A K 2 1“1"-5C

FiI‘S'C Stage of -cc.oo-'ooooolococcc-coe ll"-55
Fuse locations, circuit breaker and .e..... & 6-6

Genera‘tOI‘S, Read Plllse .ll'll..‘lcl.l“"c._Q l“-gb
Generators, Transfer PULSE «ecevscecoascece 2 4-2b
Glossary of abbreviations and terms e...eee 1 1-2
Greater Skip instruction (66) cecececereess 1
High Speed Mechanical reader, eceececeecaces 2 5~24

3 5=7
Operation Of eecceecacecsnnesonscennces 5 5-2f(2)
Theory of Operation Of sececececscaces 3 5-2g(2)
Timing Chart eercercsectrecs s s ot 5 5—8
High Speed pU.nCh, teeececeresscercectecscans Ll' 6"'76;
3 - 5-=2e
Operation of € ¢ 8 ¢ ¢t e @S Q@ 9 8AQ T C O HQ Ao 5 5-2f(5)
(PhOtO) eecrtc et e st etee s I e eet ot e 3 5-9
Theory of Operation Of .eceeecesesccscs 3 5-2g(3)

Ext-Hig

L-209
L-210

6-118
=Lyl
4yl

a3

A-58

5-16
5-17
5=24
5-27

- 5-19

6-123
5-21
5-23
5=-23
5-28



Hig-Ins NAVY NODEL CXPK

INDEX
: FIGURE
SUBJECT VOL  PARA TABLE * PAGE
High Speed Resynchronization delay
(tvp 009 and Aolo) LR N A A A A S N I A A A ) u 6-ud 6-125
Hysteresis loop for core material sieeeeees 2 L-8 L-23
IBM I/b Cable, L R N R I I N N R N N N R AN 5 5-5 5-116
Card Punch LI I I N R A I I I A I I I S SR Y 3 5-5c 5-121
Card I‘eader LR I I N R R S N N I ) 5 5-56. 5-]-23
Magnetic Tape UNIL eeveeecceonosscacse 5 5-5b 5-117
Printer €0 0 0P PP CEEEE OO0 LINO0EORLEINEIOOD PSS 3 5-56 5-125
Identification system, chassis and wiring . L 6-3 6~10
Increase B instruction (Ob).iieeieeeecianes T A-8
Index designator Cecesersesseretescsnr s 2 A'QC h-58
Index (B) Register, complete stage of ..... 2 4-6 4-20
Index (B) Register No. 1, first stage of .. 2 4-27 L4-67
Index Skip instmction (05) ce s es 000t l A-9
Indicator Display panel .eececeses cecssness 2 h-of 4-95
Indicator information, control bit ceeeeses b - 6-5 6-103
Inhibit transformer (type 9622) «iveerveess b 6-lhe ' 6-T0
Input’ (sec.tion) ..........'........‘..."‘ 2 l¥.-5a ll--l9l¥'
Fault L I R R A I N I S B R A I I Iy 2 4-26 h-88
Instmc-tion T 4 8 9 £ T OGS OSSO OO S S Ee RSSO l A-6l
Sequence eer e teesssessrsrecresen s e 2 h-5a 4-195
Typewriter 2303000000000 00000c00c0ce 5 5 3a(6) 5“&9
Register (I-register) cecececessecseee 2 b-5q ‘ 4-195
Register, first Stage of Pseese0r s 2 h-51 . u‘196
Input/olltpu‘t SeCtion sec0c0ecsscersssesanes 2 !‘('.'5 )'"-19}'"
' : 1 1-5¢ 1-23
Installation P 2-1 A 2-1
Acoustic requirements teesescessccsnes 1 2-7 . 2"15-
Building and space requirements seeee. 1 2=3 2-2
Cooling system requirements eseeeecese 1 2=5 2-13
Tllumination requirements eceeeseseese 1 2-6 2-1k
POWer SerVice requirementS»coonoocoooo l Q-h 2"7
Instmction Code SseecsercrecRsrscsecersee 2 14"20 . L""58
Instruction modifiers cesececeecosccccossas 2 k-2¢ L-62

I-10
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'PX 804

NAVY MODEL CXPK
INDEX

SUBJECT VOL

PARA

FIGURZ
TIELE *

Instructions,
A 1
CleaBT cevessvecescvssescsnsvossssnccses
Complement eeoeeesssccccssssssesssescse
Inter ceceeevecscrescanessccssonsesses
External cececesscococesscscesssaaseccs
JUND sesescescocasncsssvssonssssnscnsee
Logical product ssecscescecescsascsces
Red eeisecectscncscnossescscsascancnnsa
Repertoire Of cececessssrscscccscscsass
Replace cevececessosssscssessnnnsnases
Sequenced eececesscsessssacssnssasesns
Sequential presentation of ceevecesees
Shift eeecescesoscaccsessssnssonnssnns
SKID ceceesovosecccococesssnssoossasen
StOD escecevsccencocscansscasscaocsonns
StOYe ceeesvcecesccssossasesssasncnnese
SUbSTIitute eeeeesccocassencccocsrsonans
Subtract sececesccccccccassscasscasons
Transmit seecescecccosccscssesscasencs

I S e I S Sy B S S B e ey ey e

Instruction word, portions Of eeececesceoos

n =

Interlock precaultions sesesscesccssoccssses 2
Isolation Of fAIilUTreS seeesesssessccsaccsss U
Jump sequence, normal .:................... 2
Jump sequence, YetUIYN eeeesssesscscsccsscas 2
K-register (see Shift Counter)

Less Skip instruction (67) eeeececescececsss 1
Level amplifier‘(type B5001) veveesssanenes It

Level amplifier (type 85001), Schematic
Diagram .....'.......-.......'..........‘...u

Level amplifier (type 85001), waveforms ... U4

Lights and control switches on switch panel k4

Lights and switches on Bogart Switch panel 1
Line Driver (type 4012) eeeeeecconcenscsees U

Load A, Add Q instruction (35) ceeveveences 1

1-ke
1-41
1-Lkg
1-ba
1-bp
1-Ln
1-bm
1-4b
1-k

1-kg
1-4o

App A

1-bk
1-4
1-kg
1-4ec
1-4h
1-Lf
1-4j3

Yhoof
6-11
h-ng

h-23

6=kt

6-22
6-23
6-31

32

Ins-Loa

A=59

6=Th

6-T77
6-78-
6-107
3=16
6-92
A=33

I-11
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Pty

3 A instruection
A, Subtract ¢ 1

3 B instruction

mode seguence

3 check Fault cececees

S e s s s s st

¢ instruction (22) «.....

L R A A )

e 0 s

s e st s st ascssn

Logic Diagram of ARD circuit cievececescens

Logic Diagram of AND INOT circuit ..

ceses e

Logic Diagram of OR circuit siveeecossoesos

Logic symbols, stanGard «cceecesasccasoccses

LOgiC&l equations Tt ecs e scECILLCEsLETLIOTSEETERSCETSE

Logical organization (of the computer) ....

Logical Product instruction (50) eeeevccces

Logical Product (Sequence) iieeeeessecenccs

Logical sequences for Bogart instructions .

Long Shift imstruction (16) ..ccevevenccnnes

Long transfey ceecsesccrecccccesacocscccacan

Low-speed oscillator controls seecececossos

Low-speed oscillator (type 4013) eeveeveeee

Low~-speed oscillator (type.hOlE),
Schematic Diagra.m ‘.......‘.AC.""....'....

Lubrication,
CONnvVerter cecescecscaccecrsnssoccacces
Paper Tape cabinet ceescceccecvcccesss
Typewriter cabinet cececevecccecacecas

Magnetic COYE ecvescecesesscesacscrascacsccnccsce

Magnetic core material, Hysterisis
l‘oop Of ® & ¢ T e P St Qe E S OEELOCEIEISTOECRTTES

I-12

csevecscstcee

e mn, S
1

1

2

2 Lk-pe

2 L-3e

1

2 4=3
2 45
2 L=l
2 4-2
2 k-lc

2 Lk-1a

1

2 k-3g

4  App G

1

3 5-4b(1)

2 h-2g

L 6ebg

b 6-29
L 6-9c¢

b 6=7f

4 6-8c

2 h-1c

2 4-8

NAVY MODEL CXPK

INDEX

A~22

2-18
5-97
4-96
6-92

6=k

6-132
6-127
6-128

4-18

4=-23

708 X



PX 804

NAVY MODEL CXPK
INDEX '

VOL

PARA

£
el v

t
&

3]
G
&
&

SU3JZCT

Magnetic Core Storage {sse also MCS) ......
Circuits ® % 5 8 6. 8 586 8 0 0 00 & %8 08 e 0 s s

SYsTem ceceeesecscescnosssessnasssanes

[
Y

fagnetic Switch card (type 3015) cieev.ens.

Magnetic Switch card (type 3015),
Schematic Di2gram ceecescesssccacesosnsasss

Magnetic Switch card (type 3015), waveforns
Magnetic Switch core, Diagram of «iveeeesns
Magnetic Switching circuits cevesececeaesss
Magnetic Tape test eeesscescocsnccasancenss

Magnetic Tape test (Drogram) .eeeeevesesees
Magnetic Tape test (parts 4 through G)
(£LOW ChEIES) eevescesasscescnsooacaossansns

Magnetic Tape UNIT cecoconcacenccasascsencs

D’Ia.in Adder I R R R I R I S e N N A A A N N I RS IR A

Mzin Computer,
Cable conneCtions sseseesccossoasensns
Floor plan and elevation fOr eseeiesscs
Maintenance veeesesencevssanocescnasss
Cabinet, rear VIEW ciesesssscsossrence
TeST eeeeoecesecssacencassssnsssansans
Test (Drogram) ceeeeececesseceseconnns
Test, part A through V (flow charts) .

Main COntrOl trinSlatOr seeces et rEERT O
Main fault Ce s s 0PI P IS EOIENINSETIOECLETOERTEIETSTROTR

Maintenance, (see also specific equipment
involved)
Converter seecerescarocesossscsancsscnce
Electric Typewriter ciceececesecccaces
Main Computer eseeeececersoeccsssccssosns
Programs ceceescssceosesscescosnseacoses
SChEAULES ecsverossesssacssscscssncacans

Manual operation, typewriter secececesecess

Manual Set and Indicator card (type M-L) ..

N + -

=

=

=

N

= )

FEE R

R

=

1-5e
6-lke
h-lic

5-50

1_5-5
1-5¢

(@)
i
l_l
[

kb-2e

(.l)\
no

[AVERV)
i
M \O
n

On
]

o

-28

6=5

Mag-Man

W)
1
l_l
=
-~

- =
i
(@)

[} !
5B

Gy O O CB\ [OXWAVINLV]
N AN L = O
O\O Oy =

6-128
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Man-Opr A ‘ NAVY MODEL CXPK

d

INDEX
« FIGURE
SUBJECT VOL  PARA TABLE * - PAGE
Manual Set and Indicator card (type M-L), ,
‘WavefOI'ms RN R NI A I I N R A A N I R I I I A ) )+ 6-6 6-56
Master Clear SEQUENCE seeeecscesoseoseveses 2  LU=2d 4-86
:Ma,stez' Clock Sb’stem s 080000000 0s00s st 2 LI"'2b )'l-"',-l'h'
Ma.‘bI‘iX P].ane’ tOp view tesceesescssccecessose 2 h”'h”? )'l'-l75
MCS (see also Magnetic Core Storage) , -
Circuits ..".."‘..‘......'.“'....... l" 6-he ‘ 6-)4'9
ContrOl Pulses es2e90s0csrcscssevssccn s 2 L“-Ll'9 14‘"177
: 2 4-50 4-178
worst Pattern tes-& 0 080 80000000000 Ll- 6-11 6-226
Memory Plane &SSembly ceesesccsccscscsssses 2 4-48 4-176
Modifications (see specific unit involved) A
Motor Generator cteseescssossscscesscssesoss 2 ,+-6b - h""225
M&.intena.nce s600ercsersrsssscosvscctance )4' 6-5 6-96
Motor/Generator and Exciter/Regulator
contrOlS €9 800008090000 000 000000 EPROOOEOITITSTE 2 l"-51+ h’-225
'Mnltiplication, Binary and Octal tables ... 1 . B-1
Mlltiplication SEQUENCE esesesvscecsssoscsese 2 ‘ h‘"5g )"'-159
Multiply Step instruction (60) seeveessesss 1 A-51
Normal JUmp'sequence_.......................2 k=24 48l
Numbering systemn,
ca‘binet '............‘.'...............‘h ' 6-384 . 6-10
temina.:l. board esececescscsosssenscsesscs Ll' 6‘5’0 6"11
unit chassis .o-o¢:oo-;o~oooooo-00'oooa¢Ll: 6"'3b ) 6-.11
Number systems,
conversion from one system .
- to a.npthET ooo0cco.ooaiocoo.}ooaco.tooc 1 B-1
discussion Of ...‘.....'.'......!.‘...‘ l &l
'Qpera‘tion,'.v.-........,..........._......-... 1. . 3"1
Checking contents of a storage address. 1 3=-Le 3=25
Clock oo.oo.‘oooo-yc..ooooo‘oo'ooooooooon'o 2 )'}"-Eb l‘l"’h‘5
Computer Console eecssecssscesecccsscce 1 3"""'8: . 5-13
Maincomputer R R l 5-5 5-2
Manual load P 1 3—)4'6. 5"2"]‘
Paper Tape Load MOAE eceeeseesessvsossnss L 3-bb - 3=20

I-14
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PX 804

NAVY MODEL CXPK
INDEX

SUBJECT

Operation (con't)
Preliminary precautions ceceeescecscens
Preparation of Group I Imput/Output
Eouipment ceeecccscccscssssccasssccnsas
Preparation of Group II Input/Output
EQUIPMENt soeceeceosccesacsancsncsoanns
Shutting down the equipment eseeecesccss

Starting the program ®0 e s e s et

Typewriter ceccececscesssscasssoscccans

Typewriter 1080 secccecocosesscsosocnss

Turning on the equipment ececeesceccces

Warm-up Time ceeeeeecosccescscsoscassse
Operating contrcl Circuits ececesevescecsces
Operating controls eececesececasscccssoncns
OR circuit, DasicC sescescescccsascsnccncans
OR circuit, Logic Diagram Of ceesocccsccecs
OR input to transistor switcCh eeiececsceccesas
Oscillator circuit (type L001) sevcecececone
Oscillator, Low-Speed (type 4013) .ce......
Oscillator waveforms (CLOCK) ceeesvescasess
Output (Section) cececcssescescocscsasoscne
Output Fault eececersssccesantoctesstsacens

Output inStTuCtiOn (72) }ooc.oaoo-c;cccooio

Output Register, (O‘TGgiSter) es0sssccoacsec
first Stage Of cevctcocscscatesossccnnse

Output Sequence eeeeceeceseseccoccsecccscens
Output translator (typeWriter) ceeecessseces

Overall Logic Diagram of Bogart
comuting system ‘....0.0......“0..‘.'.'.‘.'

Panel, Console cONtrOl «cecececscsccccessas
Paper Tape,

Load mOd.e €02 0O TSCSIOCIOICTEOIRCSOSIOSIOIOSIOIECEOROIIOGOEGOTITDO
'LOad. COD.tI'OlS e e secotcsrattootCtoarve e

FIGURE

VOL  PARA TABLE
1 3-2

1 3-34

1 3=3e

1 3=5

1 3-U4b

3 5=3c

1 3-Ue

1 3-3

1 3=3F

2 h-2g

2 f-of

2 b1l

2 k-5

i 6-9

N 6-kq

b 6-kg

2 =21

2 4-5p

2 h-2e

1

2 4-5p

2 k=52

2 L-5b

3 5=34(2) .
1 1-k4

2  Leor

1 2-4b

2 h-2g

Ope-Pap

PAGE

3=-20°
k-98

I-15



Pap-Pow NAVY NODEL CXPK
, : RDEX

SUBJECT VOL  PARA TABLE = PAGE

Paper Tape cabinet,

Cable CODneCtiOI'lS ecs s 00 0esc0c0cas0v e l 2—10 2-18
FlOOI‘ pla.Il and elevation sesssvevrecsccoe 1 2-5 2-7
Rear VieW aocaocoooo-c.o.ooo-.co.v.oo.o}'i' 6'51" 6"2’4‘
Paper Tape and Typewriter teSt secececcsces b 6-11f 6-280
Paper Tape and Typewriter test (program)... k4 6-10 6-283
- Paper Tape and Typewriter test, Parts A
through E (f1ow charts) eceeecesescoscecssss & 6-65 6-282
Pa.l"ity (I‘edunda.n't) bit R RN NN RN R ER XN N NN 3 5-)4‘e(5) 5‘111
Phase relationships of Transfer and Read '
pulses -coo.oo.ocQooo-aoo-c.o.ooooo'o:.oooqoe )-(--9 )-L-25
Photoelectric Paper Tape reader (PER) veses 3 5=2¢ , 5-1k
' 3 5-6 5=15
TheOI'y of Operation Of eeccoccecessones 5 5‘2%(1) 5-26
Operation of eses ereseesrcos e e 3 5'2f(l) 5'22
Placement, .
Logic (chassis 10100=11700) ceevossanne D 7-24 7-3L9
Logic (chassis 20100-20300) veesesccces 5 7-k4d 7-595
Logic (chassis 30100) eeeecsvecssscenss 5 7-5d 7-632
Logic (ChaSSiS 50100"501"00) 0000;.00...:5 7-56. 7_521
Printed circuit card R
(Chassis 10100-11700) sessesessssesssans 5 7-2e . 7"567
Printed circuit card
(chassis 20100-20300) sesesescasesesees 5 T-le 1599
Printed circuit card (chassis 30100)... 5 7-5e 7-63k4
Printed circuit card
(ChaSSiS 50100‘50""00) s90scecsesecscrese 5 7"56 7-526
POWeI' a.nd COOling LR R A A S A N R A I N Y 2 )4'-6 ) )'l'-225
Power dis.tributionv.'0."'."...."....O.Q‘. 3 5-1- 5-)'F
PO'W’eI‘ distribu‘tion, pI‘ima.I‘y sev 0000000000 l 2_8 . 2-11
Power SUDPDLY, ecceecessessoscccccccassncsonsss 1 1-6e 1-25
And Aistribution seesesescecrereeresese 2 h-6b L-22l
Circuit, +100 volt (type 4005) seeseess & 6-Ld 6-46
Converter (maintenance) ceeeceeecsoeses 4 6-9b 6-131
Typewriter cabinet (maintenance) sceees 4 6-8b 6-127
Power Supplies (also refer to specific
unit involved) :
- Paper Tape cabinet (maintenance) se.... b 6=Te ' 6-125
Electric Typewriter cabinet eceeveeeeses 3 5=3d(6) 5-88

I-16
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PX 804

NAVY VMODEL CXPK Pow-Pul
INDEX

FIGURE
3USJZCT VOL PARA TAZLZ™ PAGE
Powers OF tWO (TaDL1E) veeeesceeavsnsencesns L ' Cc-1
P-register ..l‘O..‘....C.b.‘tl....o..‘.‘.0‘2 J+-2C }+-7l
Printed circuit card complement seseeceeess 4 5=3 6-25
Printed circuit card (type 3015) veveceesss 2 4-16 L-39
Printer (IBEVI) oao'o.nooo.-onco--o.aooo.-.oo3 5_55 5—125
Program control circuits sesscesscscssesses 2 u-gd u-75
Program control register (see also U-
register)..‘...I.l..l’(‘.‘...l‘..."....Ol.2 )"'-QC )'!'-57
Programing restrictions (typewriter) «e.e.. 3 5-3c(3) 5=58
Programs, maintenance te e e 0 e 000N ERLIEGEOEDIE u 6'11 6‘13&
Protective meChanism R R R N I 2 4‘60 u-229
Paper Tape, €06 000230 PN0CELLLISEONSEENISEOIONTOITTSETELEOEES 5 5-2b 5-6
5 5-8
Word @c s s e s 000 cs0 00000 0000000000000t 5 5'5 5"9
Paper Tape Cabinet, sese0 s s 0t 00er et s 5 5"2& 5-3
3 5-1 5-4
Rear view Of ceieccecccnccsaccosassnnsse 5 5-2 5-5
Control Panel Se238es00ss0s0s 0000000 s 5 5‘5 5-7_
External function COdES «eeeescseesess 3 5-2g(4) 5~30
External function translator «.esveeess 3 5-2g(4) 5-30
POWer Supply LRI A AU I I IR S S NN AR IO L ) 5 5-2h 5-55
Plllse DiSChaI'geI‘ (type 9218) sescces e v )'l" 6-)4'8 6-58
Pulse Discharger (type 9218), .
Schématic Diagram Sees0ces00 000000 es 000 u 6‘1” 6-59
Pulse DiScharger (type 9218), waveforms ... 4 6-15 6-61
Pulse Stretcher (type 9118) I NN RN h 6-he 6‘&9
Pulse Stretcher (type 9118),
SChematiC Diagram............-............. h 6-10 . ) 6-50
Pulse Stretcher (type 9118), waveforms .... k4 6-11 6=52
Pulse Stretcher (type 9122) cevescscssveess bt 6-lhe - 6=53
gplse Stretcher (type 9122),
Chematic Diagram S0 esceeve0000s 00000200 4 6-12 6-55

I-17



Pul-Rep . NAVY MODEL CXPK

IYDEX
FIGURE
SURJECT VCL PARA TABLE™ PAGE
Pulse Stretcher (type 9122), waverorms ...... & 5=13 2-32
Pulses, Read and Transfer teeeesecsossscsssns 2 b-iz ~=Z1
Q Jump instruction (27) sieveseeesvssnesssess 1 =27
Q'I‘egister, 2202202000050 8000200002000 08208583 1 ..'_-f:‘: -
As an arithmetic re@iSter .....eesessees 1 1e3c .20
Second Stage of .00.;..000.!l.alll.'.ov.t2 —‘fE ""-_:..‘_.
Read and Transfer pulses, phase
I'EJ.a.'tiOIlShipS OF ssssneescesssssscessvsssnsss 2 - "‘"25
Read and Transfer pulse Wave fOITS ssesesssss & 2=3 =32
Read circuit (type H008) seiviavresnensnssnas b - ol
Reading a core from the "1" state ...... 2 Lend ~-15z
Reading a core from the "0" state ..., 2 Lei3 L.157
Read next instruction sequence s.eessess 2 L=22 =22
Read Operand SEQUENCE sessssssesssssssss 2 wm23 L7z
Rezd Pulse Driver (type HOOL) .uivesessesosass bt Smind 5-i3
Read / Write Drive line current transformer , b Smiiz S-31
Redundant (Parity) Dit seseessseessscscsssres 3 S=lci3: 5-111
Relay Pullers (type 85002) evivesessoneersans b Smu? : 5-c8
Relay Pullers (one-half 85002), _ )
SChema.tiC Diagram $r39ce0s 00 0PI eI LTS h‘ . C'?_L 6-79
Relay Pullers (type 85002), waveforms ....... 4 5=25 5=30
Reléy Suppression circuit (one-half type )
8500&)".......!.‘{.OQIIOODQOOCQOQOOVQOOQQQO' )4' ':""25 5"?3
Relay Suppression circuits (type 85004) ..... 4  &=bf 5-32
Repiace Add Logical Product instruction (55). 1 A=L8
Replace Add One instruction (34) seesesevesss 1 =32
Replace Add. Q insthtiOD. (57) ss 00292088000 l ."“."55
Repléce Logical Product instruction (54) .... 1 A=k7
Replace Selective Complement instruction (56) 1 A=80

I-18
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PX 804

NAVY MODEL CXPK Rep-Se: -
INDEX

SUBRJECT IOL LA %iéff%: PLEE
Replace Substitute instruction (57) eeeeeess 1 A=3
Replace Subtract One instruction sessessesss 1 A=39
Replace Subtract 9 instruction (47) +eevsw.. 1 A=bp
Repeat instruction (O7) +esseeesescossnsesss 1 =11
Repeat SEQUENCE .ssssssssesssacssssssssnsssas 2 L-2g L-33
Resume, External Function (typewriter) ..... 3 5-3a(1. 5-59
Resynchronizing circuits «oueesessiesacsesss 2 L-2% L~53
Return JUmMD SEQUENCE sssssssensssssscncansss 2 L=2d L-33
RPD Trigger circuit (type 4003) ..vevevussns b 6=bg 5=L5
RUN CONETOL seevsvssvoncncosonssssasessssses 2  lm2g L-101
Schematic Diagram (refer to Diagrams,
Schematic or to specific circuit)
Schematic Diagram, card type 3015 seesessass 2 b-17 L=l
Select register, CONVETLET seseseessessesess 3 5-bb(2) 5-101
Selective Complement instruction (52) ...... 1 ' A-L3
Selective Clear instruction (62) eveseservse 1 A-55
Selective Jump cONTrol seeeeessescesessssnes 2 Le2g L-97
Selective Jump instruction (75) eeveesesosss 1 o 4=69
Selective Stop controls ....;.............,. 2 Lhepg ‘h-98
Selective Stop instructioﬁ (76) ceeresasines 1 A-T1
‘SelectiQe Stop sequénce sssessrsssreraresnns 2 =24 4-85
" Sense Amplifier (type 9811) veveeeseesensses b Gehe 6-T1
Sense Amplif;ef(fype 9811) Schematic Diagram 4 6=20 6=-Th
Sense Amplifier(type 9811) WavefOrms .esesee b4 6-21 6=75
Sense A control'.......f.................... 2 L-24 437
Sense Jump instructiOn‘(7h) ceeseserssscenes 1 A-67

I-19



Seq-5

SUBJECT

VOL

FIGURE
PARA  TABL: *

Sequence,
External Function 4600000 0v0csssssnsoee

INPUL tevesesasccscsncosccsssasssscnnas
Joad MOGEe ceeevccconcsasscscssscsnnsnas
Master Clear .seeeseccsevrccssccssessssnes
Normal JUMD eeececccosocsacssosnccocsoss
OUtpPuUt cececscccsscscesscesscncsancesns
Read Next TnstructioR secesescccccsscse
Read Operand ceeescecsacscssssceccsssss
Repeat eceesecccecsccesccscccccsvsnccnnsas
Return JUMD coececiceccoscscocconscsons
Selective SEOP eeecscctscscscccocsancse

. .
Sklp Q@5 0000000090008 0000006000000 00000s0

Write seeevcceccsotsscccososccscacocenns
Séquencés, Arithmetic seeecescesssocccsssnee
Sequences for Bogart instructions, logical .
Sequence, Program Control «seescsscesscccces
Shaper circuit (type BO02) weveosecncscosens
Shift A instruction (15) cieececccsccsrecens

Shift control circuit ceeecsecrssesceccccssnce

Shift controls, four-place A and Q seceseces
Shift ContI'OlS, four-place fOI’ Q eeseocscnas

Shiﬁ Comter ..O;l'oooo"oa"oooo.booo..on.

Sllifting Of A c;o’oooooo.oooncoo0000.0;0.'00

Shifting, second level controls fOr' sesescss.

SHIfE Q inStTUCEIOn (25) vevereorsvnnsenenns
Short transfer .........Q...................
ASigned numbers, represenﬁaﬁion of .......;..
Skip sequence ........;...a.....°........,..
Special circuits eeeeeecsvesscsccsscsssccces

S-register (see Storage Address-register)

1-20

NMNOMPPPPNODMNONDNOPDNDIMNDIND

FE N

S )

F N = O A

L-5¢
Y-5g
Y-55
L-24
4-24
4-5b
k-23
h-2g
-3
h-24
h-pg
h-pg
424

k-3g
App G
L-2¢
6-kd

1-5¢

k-3¢

h-3ze
k-3

4-2d
6=

NAVY MODEL CXPK

4-211
4-195
1-200
4-E6
1-8l
L-207
L-82
4-78
4-83
3-8l
1-85
4-8l
4-81

L-132

6-27
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NAVY MODEL CXPK
INDEX

SUBJECT

VOL

Standard chassis, front View sececescsevenes
Standard chassis, rear VIew secieeecessscsnes
Step CONtrol ceeseccececocesecocsscasoncnasas
Stop sequence, seleCtive ccicececescccoserne
Storage Address register (S register) ceeess
Storage Address register, first stage of....
Storage section cesssetinentittiinttateiinne
Storage system, Magnetic COre seeecesecsceces

Storage Transfer register (Z-register) ceses

Store A instruction (13) seseecsssesosescnes
Store B instruction (03) seececceseccesasans
Store 2 instruction (23) sevececesceoscosens
Substitute Bits instruction (53) seeeeeerens
Subtract Constant instruction (B1) weeennens
Subtract instruction (42) ......;...........
Subtraction (SEQUENCE) .eeeeesccscacesscsans
Subtract Replace instruction (43) .ecveceees
Subtract Q and Store instruction (46) ...e..
Switch panel, lights and switches On eeeccees
Symbols,

BaSiC 0 60600600 E000e IS0 ROGCESOEIIIOOEOINEIES

Core ® 0 9000 0000080008000 0000s00cctRRsesS

Standard Logic 0 0900 0000000ttt

Tape,
FI‘ame O 8 OG0 0 008 CO L0 OO OS N NLEEO SN ROECEOOSNSCGOS
Level 9 0 0 4008 002 000 EO 00 NSNS E et

WOI‘d 000 0 000000 LI 0000000000000 GEOSS

2

2

2

FIGURE
PARA TABLE*
4-19
4-18
L-2g
h-2g
h=la
4-29
b=l
1-5d4
h<le
4-hp
4-38
b-3g
3-2
h-lc
h-1
b2
5-2b(1)
5-2b(1)
5-2b(1)

Sta-Tagp

PAGE

T
hebl
=59
4-85
4-152
479
4-151
1-21
4-157

h-152
4-153

A=15
=7
A-23
A-L6
A=36
A-B?
k=137
A-38
A-b1
3=16
4-13

h-1k
=15

I-21



- Ter-Tra

SUBJECT

Terms and abbreviations sesssscssscscscsosan

Terms’ Computer e 822220002 SIDTEISNSIEDIOEDS

Test,

Paper Tape and Typewriter c.eeesvsasesss
Paper Tape and Typewriter, parts A
through F (f1oW ChartS) eeeesececessoens
Paper Tape and Typewriter (program) ....
Magnetic Tape ssesesssessesssesvsssasssns
Magnetic Tape, Parts A through G

(£1OW ChBTtsS) seeeeseessnsesasosssssonns
Magnetic Tape (Drogram) sesssesseesssess
Main Computer seessssocesssssssoscssensss
Main Computer, parts A through V

(fLOW ChATES) vevsevevosnssessnssvonnses
Main Computer (DProgram) eseessessessessss
Worst Pattern (MCS) seeeesesvssocsassss,
Worst Pattern (flow chart) seeessesessss

Theorems’ BOOlean 24 2 3 IS IPOLEIINLEILELITDIOEDS

Theory of Operation (refer to specific unit
involved)

Threshold Skip instruction (06) seveesesasss
Timing ClrcUits seseesesesessesssssesssansss
Timing diagram, ClOCK sesssesosssnsssscsnene
Trace Jump CONtTOL seesssssoessosssrocssennss
Trace Jump instruction (73) +seeessescesseas
Transfer A to Q instruction (26) ..eeseeeses

Transfer and Read.pulses, phase
relationShip Of 9 650 0P OO 9SO TS OO PP OEESIPOSY

Transfer circuit (type 4007) eceeecscscsccccs
Transfer circuit, basic Yeeerersesteceennnes
Transfer Pulse waveforms, Read and esssececs

"o )
Transfer of a 1 , waveforms fOr seeecveossa

"

Transfer of a 0., WavefOrms fOTr «aseeeceses

‘If22

FIGURE
VOL PARA TABLE *
L 6-2
2 4-1p
1 App E
L 6=11F
b 6-65
by 6-10
L 6-11e
4 6-58
L 6=-q =
b 6-11c
L 6-35
by -7 *
Iy 6-114 :
L 6-57
2 4-1c
1
l 6-4g
2 k=20
2 hepg A
1
1
2 =9
L 6~-4d
2 4-30
o 6-3
2 =17
2 h-12

NAVY MODEL CXPK
INDEX

6-280

6-282
6-283

~

=235
6-237
6-240
6=-126
6-138
6=139
6-226
6-228

-

L-25
6-46
L-27
- 6-32
4-30
h-31

rog X



PX 804

NAVY MODEL CXPK Tra-Typ
INDEX '

IGURE
SUBRJECT VOL PARA TASLE = PAGT
Transfer of eight-bit information between
Zand K sesecessesessasssesssssssssssssnassss L 1-3 1-11
Translator,
Encoder (Converter) .esseesecsecoesessssne 3 5-32 5-107
External Function (Converter) .vieseeses 3 5-Lp (1} 5-97
Main CONtIrOl seseessvossenssonssensossss 2 L-28 a7l
TranslatorS sesecesosesorasssscosssssnssans 2 L-2¢ L-73
Transistor,
Bias circuit (type 4013) vevvvesnnsessss b G=bt 6=92
Switching circuits .sseeeeessevsossennsss lf 6-he ‘ 6-33
Switching circuit, Schematic Diagram ... & 6-7 6=39
Tube complement, VACCUUM ssssssnsessosossess b E=lu 6=-27
Typewriter, €lectriC sssesessssssvasosonssse 3 5=3b 5=49
INPUL svesssnssssnnossssossnsssssssnens 3 5-3a(6) 5=49
Manual operation OF sssssessnsssssessss 3 5=3¢ 5-50
Modifications s.esssessssnsssessonsssas 3 5-30(1) 5-50
Programing restrictions ssssessescesses 3 5=3c(3) 5=33
Test, Paper Tape and sessassossesssones b 6-11F 6=-280
Test, Paper Tape and (Program) sssessse & 6-10 = 5-233
Test, Paper Tape and (flow charts) .... b 5-65 5=2322
Typewriter cabinet sessssssessssssssssssssss 3 5=3 5=32
3 5-10 5=39
ACCESSOTrY DANEL ssvsessssssscsssssesses 3 5=3a(2) 5=L3
3 5=15 5'L%
Cable conneCtions sessesssssessassnasss 1 2-10 2=1c
ChaSSisS eevsvssecassssnsesassssssannecs 3 5-11 S=47
COUBS ssnsnvssennsssasesssssssssssssassss I 5=-2 - 5=2
Control PANEl ssveesessssrsessssssaness 3 5=32(1) 5=L0
3 5=-12 5=L2
Control relay fUnNCtionsS sssesessscessss 3 Sk 5=3
ENCOAET eessssosasssssnssnsassnsssssssnss 3 5-3d(5) 5-32
: . 3 5=34(3) 5-75
External Function COdeS seseesesssssnss 3 S5=3= S=7
External Function control seeseessesess 3 5-3a(3) 5-48
External Function translator ssessssses 3 5=-3d(1) 5=-50
Floor plan and elevation seesessessesss 1 2=k 2=6
Input CONtTOL secevsvsnsscvosssessssves 3 5-3d(5) 5-82
Input Timing sequences, automatic ..ees 3 5=25 5=90
Input Timing sequences, from reader ... 3 5-2k 5-59
Input Timing sequences, first character 3 5=22 5-86
Input Timing sequences, ‘ '
normal CharYacter vesesossseossssessssas 3 5-23 5-37
Maintenance sesesesesssccassssversonses L 6-8 5=-127
3 5-30(2) 5=50
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Typ-iir “AVY MODEL CXPK
I DEX
TIGURE
SUBJ=CT VOL  PARA  TEELI DAQE

Typewriter cabinet (con 't)

Octal translations seieessccesosscecnss 3 5-13 5=-Th
C_eratiOn Of 2620083208023 22300 00880000 5 5-50 5-50
Cperational switches and indicators ... 3 5-1k 5-32
O.thput Control 30 P 2 20 222 A 00 L2 N 5 E-Bd(L\ 5-—77
Output timing sequsnces,
sutomatic carriags return, tab, and R
.Oack Space FE Y I I BN A B N BE AN IR IR I I B B N R BN B NE B BN N Y BN B 5 5-21 D-(-)J'
Cutputv timing sequences, Programs
Carriage return, tab, and back space .. 3 -20 5-83
Output timing sequences, one character 3 5-19 5-31
Cutput translator .seeessesessssassssses 3 5-3a(lk) 5-L7
, 3 5-34(2) 5-72
Paper Tape reader and pPunch seesssceses 3 5-15 5=-54
Power distribution eieisissosssessesasnss 3 5-5 5=9
POWET SUDDLY eseeoraorosssssssssossasse 3 5-34(6) 5-38
Switching polarities of Relay One
flip'flop during SEtting »s 2800832300000 5 5-16 5-69
Switching polarities of Relay One
flip-flop during Clearing ser e s s s e s e 5 5-17 5“69
Theory of Operation Of .vessseesesssess 3 5=3d 5-58
Unequal Skip instruction (65) eeevveveeenses 1 A=57
Unit Signal Diagrams, printed circuit ,...0¢. 5 Part 3
U‘register P I A I S B I B A I R A A R R I I I R ] l l"sd 1‘21
2 L-20 bh-s57
U-register adder’ 'oonntr'aaanotooaooo'.no-o‘l l-5d » 1-21
first Stage of R R R R R RN RN I I 2 h-26 h’6k
Seventeenth Stage Of seesesscsosssnsese 2 L2k 4-61
Twelfth Stage Of sesseseasssarsecsssess 2 4-25 &-65
TWentieth Stage Of e v s 00 sr0 s 020 s e 2 h‘22 u-59
Vacuum tube complement ..eeeeesesesossssesss 4 6=4 = 6-27
Waveforms (refer to specific circuit)
Wavefoms fOI‘ a'"i" tranSfeI‘ essrersrese s e 2 !'i'-ll h-30
Waveforms.for a, "O" transfer 60eseressess0 e 2 u'lQ h-Bl
Waveforms for the Clock 0scillator sessesece 2 k=21 L-50
Weights of major units and floor area
dimension P8 0 ¢ 00 000 QDO OO I ST S SE PSSO PO SLS l 2‘7 2-9
Wiring tabulations,
Main computer, intra~unit voltage «.... 6 Part 1
Main computer, intra-unit 10giC sseeses O Part 3

I-24

vog Xd



PX 804

NAVY MODEL CXPK
INDEX

SUBJZCT VOL

Wiring tabulations (con't)
Main computer, inter-unit cceececsececss
¥ain computer, DULSE cvieeevssccscnssos
Console, Electric Typewriter, and
Paper Tape cabinets cieieecasascescancan
Converter seeseesdesvessscencsenssanoss
WOI‘S't P&.ttern test 0 008 s 00030060 00s0s0eseL0e
Worst Pattern test (program) .veeeeessescens
Yorst Pattern test (flow chart) eeeeeeessees
“"Irite Sequence @ 8 5. 5 ¢ 5 00 0 00 PO OO N LN e SN el
Writing a "1" from a "0" State seeecsccceses
Writing a "0O" from a "0" state ceicessscssss
Writing a "1" from a "1" State ceseecssceacs
Writing a "0" from a "1" State eceeseesceccae
ReadMirite drive line transformer and
Current Diverter system, Schematic
Diagram .'.0....'.'.QQ...'.0.'."..-.0.......

X"I‘egister 900G 0000000200000 00s 00t Rsos e

as an Arithmetic register ceccececesecss
first stage of € © 0 0 8 9 09 00 BT D eSS OSSN IS

Z~register (see also Storage Transfer Reg) .

FICU=R
PARA  TEELTE

6 Part U

6 Part 2

6 Part 5

6 Part 6

L 6-11d

b 6-8

b 6-57

2  k-2d

2 l-ly2

2 Y-k

2 b=l

2 Lh-k3

b 6-18

1 1?5b
2 L-3p

1 1-5¢

2 L-31

2 L=k

Wir-Z

'J
s
G2
jieal

6-66

1-17
14-110
1-20
k-106

4-152
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