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l0-t INTRODUCTION

l0-2. This is the tenth issue of the AGCIS, which is published to inforrn
rnernbers of the technical staff at MIT/IL and Raytheon about the Apollo
Guidance Cornputer. This issue is a description of Fixed Mernory. In-
forrnation pertaining to this issue was taken frorn NASA drawings 1006099,

1006II9, r006t44,1006t47, 1006149, I005541, taj6544, 1005553, and

1006559 and AGC-4 interconnection wirelist drawing 100660I (revision E).

l0-3. Fixed (F) Mernory is a randorn access (within a bank), permanent

storage device consisting of rnagnetic cores arranged in three core ropes.

A core rope is a unique storage device in which the inforrnation stored is
deterrnined by the wiring of the cores. The three core ropes (R, S, and

T) are capable of storing a total ctf 24,576 words. Fixed Mernory is ad-

dressed by rneans of registers S and BNK and various selection circuits.
Data are read out of F rnernory and supplied to register G by way of six-
teen sense arnplifiers (SAF of figure l-l i).

I0.4. MAGNETIC CORE AND CORE ROPE

l0-5. The characteristics of the rnagnetic core used in the Fixed Mern-
ory are sirnilar to the ferrite core used in the Erasable Mernory (para-
graph 4-61. Flowever, the rope core differs frorn the ferrite core in that
it is fabricated frorn t/a-rnit Mo-perrn ribbon wound on a steel bobbin.

Use of the Mo-perrn ribbon allows the size of the Fixed Mernory core to

CtIilFIDETTIIL 10-1
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be large (core diarneter is approxirnately 0.25 inch conlpared with 0.05

inch of theErasable Mernory core) without requiring large drive currents,

as would be the case if ferrite were used. The larger size is needed to

accornrnodate the nurnber of wires required to thread the rope core (a

rnaxirnurn of. 144 wires is needed cornpared with 4 wires in the ferrite
core). Each rope core is threadedby set, reset, inhibit, and sense lines.

10-6. The core interrogation process in Fixed Mernory rnay be divided

into set tirne and reset tirne (figure I0-1). During set tirne both the set

and inhibit lines carry current. Since the currents in the set and inhibit

lines are of opposite polarity, the set current is cancelled by the inhibit

current. Therefore, a core changes state at set tirne if none of the in-

hibit lines threading the core is carrying current. During reset tirne the

switched core is returned to its norrnal state by current on the reset Line.

l0-7. The hysteresis characteristics of a typical rope core are shown

in figure LO-?. lt the core is in the norrrlal state, an unopposed set cur-

rent causes an excursion along the hysteresis curve frorn A to B. Re

rnoval of the set current results in an excursion frorn B to C. The reset

current then causes an excursion frorn C to D, and rernoval of the reset

L.'-,:i,l-+-1:"'.'r
I

I

SET

RESET

lt
lt

Figure lO-1. Set ond Resel Figure lO-2. Ropc Core Hysleresis
Choroclarislics

r-.\ SWITCHED
- OR SET

STATE

TOTFIDEilTIIL to-z

I

I oesz



\r/

TOilFIDEilTIIL
FR- 2- I l0

current results in the core returning to the norrrlal state. If at set tirne

a core also receives aninhibit current, the core excursionis frorn Ato
E since the inhibit current is 175 rna as opposed to a set current of 400

rna. This srnall excursion results in noise on the sense lines. The prob-

lern is solved by adding another inhibit winding, called the inhibit parity

winding. Thus each core to be inhibited receives at least two inhibi-t cur-

rents, and an excursion to the left of the B axis is avoided. The net re-

sult is a reduction of noise on the sense lines. A power savings is also

realized with the parity inhibit winding since the individual inhibit cur-

rents can be less than the set current.

i0-8. One hundred twenty-eight sense lines thread or bypass each core,

which enables a core to store eight I6-bit words. When a core is set,

current is induced into all the sense lines threading the core. The sense

lines bypassing the core receive no current. In this rnanner the sense

lines associated with each core receive the sarne words each tirne the

core is set.

I0-9. The various lines in a core rope are threaded through the cores

in a way sirnilar to that shown in figure I0-3. This figure represents a

sirnplified four-address fixed rrlerrrory in which each core represents an

address containing one Z-bit word. To select address 00 (core l), inhibit

lines T and 7 rnust carry current. Since neither of these two inhibit lines

threads core I and at least one line threads each of the rernaining cores,

core I is the only core which can be switched at set tirne. Switching core

I induces current on sense lines A and B since both of these lines thread

the core. Therefore, the contents of address 00 are 11. lf address 01

(core 2) is selected, the data read out are 0I, assurning sense line A de-

tects the Iow-order bit.

l0-10. The threading of a typical rope is shown in figure I0-4. The

COTFIDEIITIAL 10-3
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Figure /O-3. Sinplified Core Rope lulemory

vertical lines represent the eight I28-core sections. Set, reset, inhibit,
and sense lines thread the cores of each section, as indicated by the

cross-hatch rnarks on the figure. The cross-hatch rnarks also indicate

current polarity: slant to the right for inhibit polarity and to the left for
set polarity. Current in the sense lines can be of either polarity. In-
hibit signals ILOI through IL07 and their cornplernents are sufficient to

select one core ina section. A core is selectedby inhibiting all cores

in a section but one. Inhibit signals ILP and tfF ensure that all but the

selected core are inhibited by at least two signals to reduce noise in the

sense lines.

I0-II. Four set lines threadthrough each rope, and each set line threads

two sections. Set C threads sections I and 5, set D threads sections 2

and 6, set A threads sections 3 and 7 , and. set B threads sections 4 and

8. OnIy one set signal is present at set tirne and that signal is selected

by address.

TOTFIDEflTIAL t0-4
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Figure lO - 4 Rope Orgonizalion

I0-12. The sense lines threading each core are grouped together into

strands. A strand consists of l5 sense lines (one per bit), andthere

are I6 strands per rope, for a total of 48 strands in Fixed Mernory. The

strands are threaded through a rope such that eight strands thread only

four sections of a rope, and these are cornrnon to the four set lines. For

exarnple, strands 0 through 7 are cornrnon to the set lines of sections I

through 4 of rope R. Sirnilarly, strands 24 through 31 are cornrnon to

the set lines of sections 5 through B. If the set C line is enabled, the ad-

dressed core in sections I and 5 of the rope switches, which induces cur-
rent into the l5 strands threading the rope. A strand-selection technique

deterrnines which of the strands supplies data to be read out of Fixed

Mernory.

r0lrFlDEtTllL 10-5
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r0-13. SELECTION STEERING

10-14. Four techniques are required to select one word frorn Fixed Mern-

ory. These techniques are as follows:

Rope Selection - Selection of I of the 3 core ropes R, S, or
T (selecting 8I9Z words out of 24,576 words).

Set Selection - Selection of 2 out of B sections in the selected
core rope (selecting 2048 words out of 8192 words).

Inhibit Selection - Selection of one core out of I28 cores
(selecting 64 words out of BI92 words).

4. Strand Selection - Selection of I sense strand out of l6
sense strands (selecting 512 words out of 4096 words).

These four techniques are "AND'ed" in such a way to provide the selec-

tion of I word out of 24,57 6 words.

l0-15. As previously discussed, Fixed Mernory is cornposed of three

core ropes. The drive lines (set, reset, and inhibit) threading the ropes

are connected in parallel but return to three separate sets of rope retu-rn

circuits. Consider the inhibit signal ILO1; the three drive lines carrying

ILOi (one per rope) are connected together at a cornrnon driver circuit
but return at the other ends ofthe respective ropes to three different

rope return circuits. Thus a particular rope can be selected by enabling

the appropriate rope return circuit.

10-16. Each rope is divided into two rnodules, and each rnodule is fur-
ther divided into four sections. As shown in figure I0-4, each section is

threaded by one set line. A set line threads a section in one rnodule of a

particular rope and also threads another section in the second rnodule of

the sarne rope. Thus by enabling one of the four set lines, two of the

eight sections in a selected rope are selected by the enabled set line.

Z.

3.

r0ilFrDEt{TllL l0-6
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10-I7. The inhibit lines select one core in each of the sections. There-

fore the inhibit lines allow eight cores (one per section) in a selected rope

to be set or switched" Since the set-sel"ection technique allows only two

sections to be enabled, then only two cores are switched, one in each of

the selected sections. The nurnber of inhibit lines {N) necessary to select

one of I28 cores is found frorn the equation, lZB = ZN/2. Thus N, the

nurnber of inhibit lines required, is 14. The inhibit signals on these lines

are labeled ILO1 and ILO1 through ILO7 and IL07. The parity inhibit sig-

nals are labeled ILP and ILP, but these are not needed for selection.

10-18. Each rope rnodule, consisting of fou.r sections, has separate

sense lines. By enatrling the sense lines in one particular rnodule, a se-

lection is rnade tretween the two cores set by the previous selection tech-

niques" Since each core contains eight I6-bit words, a further selection

is requiredto select one ofthe eight words. This {inal selection is ac-

cornplished by enabling only one of the strands (I6 sense lines) threading

the selected core. The outputs of the selected strand are detected and

arnplified by 16 sense arnplifiers.

iO-i9. ADDRESSING

l0-20. A word in Fixed Mernory is addressed according to the contents

of registers BNK and S. The contents of register BNK deterrnine which

rope return circuit is operated. The contents of register S deterrnine

which set, inhibit, and strand circuits are operated. Bits IZ and 11 of

register S deterrnine if Fixed-Fixed Mernory or Fj"xed-Switchable Mern-

ory is addressed (paragraph t-58). Bits l0 aad 9 of register S andthe

bank address select one of.48 strands; bit 8 of register S and the bank ad-

dress select the set signals; andbits 7 through I of register S select a

particular core.

TOl{FIDEr{TIIL i 0-7
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10-21. Register BNK (figure t 0-5) is an addressable flip-flop register
(address 0015) which consists of 5 bit positions (bits 1l through 15, table
1 -6). The register is cleared by signal CBKG before data on the write
line are entered into it. Signal CBKG is produced by the bank clear gates

when Iocation 0015 is addressed and control pulse WSCI2 is generated by

the Central Processor. Signals WLI I through WLl4 ".ra frft6 frorn the

write arnplifiers set the appropriate bit positions of register BNK (table

1-6). lf a write line is carrying a logical ONE, the bank write gate asso-
ciated with that bit is enabled by address 0015 and control pulse Wm,
and the data are entered into register BNK. If an input bit is a ZERO, the

associated bit position in register BNK rernains cleared. The outputs of

register BNK are labeled R0 through R4, R0 being the highest-order bit.
These outputs are applied to the bank read gates and to the bank selector.
When the bank read gates are enabled by address 0015 and control pulse

RSCZ34, the contents of register BNK are supplied to the Central Proces-
sor by the read gates.

lO-22. The bank selector senses the state of R0 through R4 of register
BNK and bits 1Z and I1 of register S, and produces outputs subject to the

tirning of signal RCENV. Signal RCENV and all tirning signals pertaining
to Fixed Mernory are illustrated in figure 5-3. The bank selector prod.uces

signals RPGl through RPG5, which are applied to the rope selector. Sig-
nals RPGI through RPG6 are arnplified and then sent to the strand selector
as signals GTRS, GTSS, GTTS, GTUS, GTVS, and GTWS, respectively.
The rope selector also produces the following signals for energizing the

return circuit for ropes R, S, and T:

GATER for RPGI or RPG4
GATES for RPGZ or RPG5
GATET for RPG3 or RPG6.

r0t

J

a.
b.
C.

The bank selector also produces

selector, and signals ILl0A and

signal IL09A, which is sent

ILI0A, which are sent to the

to the set

strand gates.

TtIilFIDEilTITL 10-8
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The relationships between the inputs and outputs of the bank selector and the

selected bank are shown in table I0-1.

l0-23. The set selector gates bit 8 of register S with signal IL09A during

SET 2 tirne (figure 5-3). Signal IL09A is a logical ONE for signals SETA and

SETB and a logical ZERO for signals SETC and SETD. Bit 8 is a logical

ZERO for signals SETA and SETC and a logical ONE for signals SETB and

SETD. Thus the four set signals are generated as the result of four possible

cornbinations of bit 8 and signal IL09A. The set signals are applied to the set

lines via the set drivers.

LO-24. The inhibit drivers receive bits 7 through I of register S. These bits
are gated by signal IHENV and are sent to the three ropes via the inhibit lines.
The parity inhibit signal (ILP) also is applied to the inhibit drivers. Signal

ILP is produced by signal PARTY 9 frorn the Parity Block and bit t frorn reg-
ister S. In the Parity Block (figure 10-6) signal PARTY 9 is produced frorn a

cornbination of the nine low-order bits. The resultant signals are designated

A through C and their cornplernents (figure 3-ll). Signal pARTy 9, repre-
senting odd parity of the nine low-order bits, is gated with bit $ of register
S. This action produces signal ILP, which ensures that each core receives

Figure lO-6. Pority Elock and lnhibit Pority 6ates
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TABLE IO-1

BANK SELECTION

FR-2-r10

Register BNK

Regi ste r
S Inhibit

Signals R"ope Control
Signal

Bank

Input Bits

15 14 13 iI

Output Signals Bit s

RO R1 Tl 2 R3 R4 t2 I} ILO9 ILi O

x

0

0

x

0

0

x
x
0

1

x
x
x
0

x
x
x
0

0

1

1

I

I
0

I
I

I
U

1

0

I
1

0

RPGI
RPGl
RPCI
RPGI

01
AZ

03
04

0

0

0

0

0

0

0

I

i
I
I
0

0

t

I
0

1

0

i
0

I
I
I
I

1

I
I
I

I
0

I
0

0

I
1

0

RP62
RPGz
RPC2
RFG2

05
06
07
10

0

0

0

0

0

0

0

1

0

I
1

0

1

0

I
0

I
I
I
I

I
0

I
0

0

I
I
0

RPG3
RPG3
RPC3
RPG3

1i
1Z
i3
l4

I
I
I
I

0

0

0

0

0

0

0

I

0

I
i
0

I
0

1

0

I
I
I
i

I
I
I
I

I
0

I
0

0

I
i
0

RFC4
R-PG4
RPG4
RPG4

21

)1

aa

z4

0

0

0

1

i
i
I
0

0

i
i
0

I
0

I
0

I
I
1

1

I
i
1

1

I
0

I
0

0

1

I
0

RPC5
RPC5
RPG5
RFG5

z5
z6

2n

1

I
I
I

0

0

0

I

0

1

i
0

1

0

I
0

I
1

1

1

I
I
I
I

t
0

I
0

0

I
I
0

R,PC6
RPC6
R.PG6
RPG6

31
a)
22

34

x lTreans 0 or I.

L.
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1

I
I
I

I
I
I
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1
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two or rnore inhibit currents to
output frorn the parity gates is
gated by signal IHENV and sent

prevent noise in the sense

sent to the inhibit drivers,
to the rope s via the inhibit
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line s. The

where it is

line s.

l0-25. Signals ILl0A and ILl0A are gated with signals YT0 through YT3

to produce signals SDO0 through SD07, which are sent to the strand selec-

tor. Signals SD00 through SD07 and signals GTRS through GTWS are then

decoded by the strand selector to produce a strand-select signal. The

strand-select signals SDR00 through SDR47 are applied to the ropes to

enable the proper sense lines. The sense arnplifiers detect the contents

of the selected address and supply the data word (bits 0 through 15) to

register G subject to sense strobe STBF. At reset tirne the reset drivers
reset the cores to the norrnal state with the application of sign"t" ffiF
and RGENV.

IA-26. DRIVERS ANi} AJ\,{FLIT'TER5

l0-27. As previously di.scussed, the set, reset, and inhibit lines thread-
ing a rope are connected i.n parallel but return to three sets of return cir-
cuits (figure i0-7). Each line is driven by a separate d.river circuit, and

all those lines cornrrron to a particular rope are returrred to an associated
return circuit. 'Ihere are 4 set d.rivers, Z reset drivers, and l6 inhibit
drivers. The set and reset drivers are ena"oled subject to rnernory cycle

tirning signals RGENVX and IHENV. The appiication of these two signals

to their respective gates supplies +13 vdc to the various drivers. Signal

RGENVX supplies +13 vdc to the set;rnd reset drivers; signal IHENV sup-

plies *13 vdc to the inhibit d.rivers. In additi.on, signals GATER, QATES,

and GATET frorn the rope selector enable the proper set of rope return
circuits.

l0-ZB. When signal GATER, CATtrS, or CATET is a logical ZERO, the

TOTFIDETTIIL I0-12
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rope return circuits controlled by these signals are enabled. In this

rnanner *13 vdc are applied to the right side of the drive lines threading

the selected rope. Each return circuit services two set, one reset, and

eight inhibit lines. Application of a set signal enables the selected set

driver. This provides a current path frorn tl3 vdc through Ql0, the rope,

Q5, and Q5 to ground. Sirnultaneously two or rrrore inhibit signals are ap-

plied to the inhibit drivers, and a current path exists frorn *I3 vdc through

Q8 and Q9, the rope and QZ to ground. Since the set and inhibit currents

are opposite in polarity and therefore cancel each other, only those cores

that receive a set current and no inhibit currents are switched.

l0-29. At reset tirne the reset drivers are enabled by signal RSTRP.

The reset drivers function in the sarne way as the set drivers and provide

a current path frorn *13 vdc to ground through the selected rope. The re-
set current switches aII the cores to the reset (norrnal) state.

10-30. Since there are a total of 48 sense strands in Fixed Mernory and

eight strands thread each rope rnodule (ha1f of a rope), a selection systern

is required to select the proper half of the rope and strand to read out data.

This selection process is perforrned by the rope and strand selector cir-
cuits (figure 10-8). There are three identical rope selector circuits, and

each circuit receives two RPG signals. However, only one signal is pres-

ent at a tirne. In addition, there are eight strand selector circuits, each

consisting of six gates. A single strand selector receives one of eight SD

signals frorn the strand gates and one of six GT signals frorn the rope se-

lectors. This 5-by-8 cornbination selects the proper sense strand frorn
arrong 48 possibilities. For sirnplification only one rope selector circuit
and one strand selector circuit are discussed.

l0-3I. Assurne RPG5 to be a logicaI ONE. Transistors QZ and Q4 con-

duct, which results in the +13-vdc signal GTWS being applied to CR6 in

r0tFl0EtTllL I0-14
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TABLE 1O-Z

ROPE- AND STRAND-SELECT SIGNALS

FR-Z-tt0

Rope Control Rope Return Strand Gate Sense Strand

RPCl

RPG2

RPG3

RPG4

RPG5

RPG6

GATER

GATES

GATET

GATER

CATES

GATET

SDOO
through

SDO?

SDOO
through

SDOT

SDOO

through
SDOT

SDOO
through

SDOT

SDOO
through

SDOT

SDOO
through

SDOT

SDROO
through
SDROT

SDRO8
through
SDR15

SDR16
through
SDRz3

SDR24
through
SDR31

SDR32
through
SDR39

SDR4O
through
SDR47

the strand selector. In addition, diode CRZ in the rope selector is for-
ward-biased, which enables the rope T return circuits via signal GATET.

Thus one rope return circuit is enabled and eight gates (one per strand

selector) are conditioned to be enabled. The application of a strand gate

signal deterrnines which of the eight gates is enabled. l[ signal SD00 is

a logical ONE, transistors Ql and Q7 in the strand selector conduct and

sense strand SDR40 is selected. The rnanner in which the 48 strand-se-

lect signals are produced as a result of cornbining the RPG and SD signals

is shown in table l0-2.

10-32. Sixteen sense arnplifiers are associated with Fixed Mernory.

c0tFtDEilTllL 10-16
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35 UH

I NPUT
FROM
SENSE
LINES

Frgure lO'9" Sense Amplifier lnpul Circuil

These arnplifiers operate sirnilarly to those in Erasable Mernory (para-

graph 4-261. The difference occurs in the input circuit (figure 10-9).

The inputs to transforrner Tl are returned to *3 vdc through resistors
Rl and R2 to provide a return path for the strand selector gates. Induc-

tors Ll and LZ filter out noise picked up on the sense lines.

,
)

L,rr.*.n,r,o.-
I auprrrrrnI crncurr

I 
trroune a-rzr
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