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PART 1
INTRODUCTION

CHAPTER 1
GENERAL

1.1 FUNCTION OF OUTPUT SYSTEM IN
AN/FSQ-7 COMBAT DIRECTION CENTRAL

The Output System in the AN/FSQ-7 Combat Di-
rection Central transfers output messages from the Cen-
tral to adjacent Centrals and remote sites through tele-
phone facilities. (See fig. 1—1.) After forming an out-
put message, the Central Computer System stores it on
the output buffer (OB) fields of the LOG drum in the
Drum System for eventual transfer to the Output Sys-
tem. The Output System accepts the output message
from the OB fields and transfers the message to tele-
phone facilities for transmission to its intended destina-
tion(s). The path followed by the output message from
the Central Computer System to the telephone facilities
is shown in figure 1—2. The general manner in which
the Output System accepts output messages from the
OB fields and transfers them to telephone facilities is
discussed below. Because the Output System is logically
divided into two elements, the output control element
and the output storage element, as shown in figure 1—3,
the following general description of the operations per-
formed by the Output System is treated by referring to
these two elements.

[_ l USAF
‘ TELEPHONE DATA-LINK
DATA CIRCUIT | TRANSMITTERS

| TELEPHONE

ANT|-AIRCRAFT

! *1 BATTERIES
AN/FSQ-7 DATA CIRCUIT
OUTPUT
COMBAT
| DIRECTION |SYSTEM
CENTRAL
. TELEPHONE ADJACENT
I IDATA CIRcUIT | CENTRALS
| | TELEPHONE RADAR

I DATA CIRCUIT | SITES

Figure 1—1. Remote Sites, Block Diagram

Function of Qutput System
1.1-13
| DRUM |
| SYSTEM |
OUTPUT
SOMPUTER |, SUFTER || | outpur |  TELEPHONE
SYSTEM | oislt.Jc':ﬁG | SYSTEM EQUIPMENT

Figure 1—2. Output Message Flow, Block Diagram.

1.2 FUNCTION OF OUTPUT SYSTEM IN
AN/FSQ-8 COMBAT CONTROL CENTRAL

The operational function (tactical) of a Combat
Control Central is exclusively concerned with monitor-
ing and directing the operational activities of Combat
Direction Centrals. A Combat Control Central has no
provision for conducting ground-to-air communications
with manned or unmanned interceptors; hence, certain
facilities in the equipment complex (Output) of a Com-
bat Control Central are not utilized.

The Output System facilities that are part of the
equipment complex in a Combat Direction Central but
are not required for use in the tactical activity of a
Combat Control Central are the ground-to-air-FD,
BOMARC 1, BOMARC 2, and the ground-to-air-TD
storage sections. The Output System facilities utilized in
a Combat Control Central are the ground-to-ground
and the teletype storage sections.

Nevertheless, the function of the Output System
in an AN/FSQ-8 Combat Control Central is similar to
the function outlined for that of an AN/FSQ-7 Combat
Direction Central, and is discussed in Part 5.

1.3 OUTPUT CONTROL ELEMENT

The output control element primarily controls the
flow of output message words from the OB fields of the
LOG drum to the output storage element. Another
function of the output control element is to make avail-
able to the Central Computer System specific data which
is used by the Air Defense program as an aid in con-

1
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trolling the transmission time of output messages. The
output control element also provides visual indications
of alarm conditions that might occur in the Output
System and, in addition, contains Output System test
equipment which can be used both as an aid in detecting
the sources of trouble within the Output System and as
an aid in checking certain elements of the Input System.

1.4 OUTPUT STORAGE ELEMENT

The output storage element temporarily stores the
words of an output message and then, at the completion
of read-in (when the complete message is present in the
output storage element), transfers the message serially
to telephone terminal equipment. This element contains
six storage sections; each accommodates a different class
of output messages. Output messages are grouped into
six classes: ground-to-air frequency division (G/A-FD),
BOMARC 1 (BO1), BOMARC 2 (BO2), ground-to-air
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time division (G/A-TD), ground-to-ground (G/G), and
teletype (TTY). The storage sections are labeled ac-
cordingly: the G/A-FD storage section, the BO1 storage
section, the BO2 storage section, the G/G storage sec-
tion, the G/A-TD storage section, and the TTY storage
section. These storage sections receive and store output
messages and then transfer them serially to the telephone
terminal equipment. However, the transfer rate em-
ployed by the storage sections differs and depends upon
the class of output message handled. Output messages
in the G/A-FD, BO1, BO2, G/G, and G/A-TD classes
are sent over telephone data channels to sites equipped
with automatic input equipment. Sites not equipped
with automatic input devices are supplied with teletype-
writer receivers. Output messages destined for such sites
are in the TTY message class and are transferred by
the TTY storage section to telephone equipment at the
standard TTY rate of 60 words per minute (wpm).

CENTRAL
COMPUTER
SYSTEM
OUTPUT TRANSMISSION  rm e e e e emem o o -l
ALARM TIME DATA {-OUTPUT STORAGE ELEMENT
| I
G/A-FD | | GROUND-TO-AIR * ! G/A-FD__ o~
DATA | FREQUENCY DIVISION ;
} |
80! 1 * | BOI
TR |r$ BOMARC I I —
| |
Bo2 o BOMARC I 802
OUTPUT DATA |
BUFFER DRUM OUTPUT | TELEPHONE
DRUM ~Worbs ™ CONTROL | | > TERMINAL
FIELDS ELEMENT o/ | | o EQUIPMENT
- - 1
AT ] GROUND—TO—GROUND } —
| |
G/A=TD GROUND-TO-AIR ¥ | 6/A-TD
DATA TIME DIVISION |
| |
TTY | TTY
ATy > TELETYPE l - |
|

e 1

% NOT USED IN AN/FSQ-8

Figure 1—3. Output System, Block Diagram
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CHAPTER 2
OUTPUT MESSAGES

2.1 GENERAL

An output message is a communication seat from
an AN/FSQ-7 Combat Direction Central to adjacent
Centrals or remote units. The Centra] Computer System
" perforins various operations, controlled by the air de-
fense program, upon air defense situation data supplied
to the Central Computer System by radar sites, adjacent
Centrals, and by personnel (manually) through the
Input System. If the results of these operations are to
be transmitted to remote units, such results are formed
into output messages. As previously indicated, an out-
put message falls into one of six classes: G/A-FD, BOL1,
BO2, G/G, G/A-TD, and TTY. The data used to form
each message class and the purpose or purposes of each
class are described below.

Ground-to-air-FD and -TD messages are composed
of data which will help manned fighter aircraft inter-
cept assigned enemy targets. The G/A-FD and -TD
messages are transmitted from the Central to the remote
G/A-FD and -TD data-link transmitters which provide
the radio link with the aircraft. BOMARC 1 and BO-
MARC 2 messages are used specifically to control un-
manned interceptors (missiles).

A G/G message is composed of either crosstelling
(XTL) data, forwardtelling data, or a height-finder re-
quest. Ground-to-ground XTL messages are transmitted
to adjacent AN/FSQ-7 Combat Direction Centrals, and
G/G forwardtelling messages are sent to an AN/FSQ-8
Combat Control Central. Crosstelling information is
data that aids the receiving Central in performing its
assigned function. Forwardtelling data is a report on
the overall situation in the area of the sending Central,
The remaining type of G/G message is composed of a
height-finder request which is sent to height-finding
equipment at a radar site. A height-finder request mes-
sage is employed whenever the altitude of a specific
target is required.

Teletype messages are formed of either information -

intended for higher headquarters, information for non-

e — | EFT HALF 16 BITS

automatic adjacent sectors (sectors not equipped with
AN/FSQ-7 Combat Direction Centrals), or early warn-
ing information intended for antiaircraft batteries. For-
wardtelling information sent to higher headquarters is
a summary tabulation of the up-to-the-minute air de-
fense situation. The TTY messages sent to nonautomatic
adjacent sectors contain information similar to the data
in G/G messages. Teletype messages sent to the antiair-
craft batteries are composed of early warning radar
data,

2.2 TIMING OF OUTPUT MESSAGE
TRANSMISSIONS

The time for the transmission of each output mes-
sage is selected in the Central Computer System, and
certain Output System circuits ensure that the message
is transmitted at the selected time. The reasons for this
control and the means by which it is accomplished are
described in the following text.

Output messages must be transmitted in correct
sequence within each of the six classes: G/A-FD, BO1,
BO2, G/G, G/A-TD, and TTY. In addition, certain types
of messages in each class must be transmitted at the
proper times. :

2.3 MESSAGE FORMATION

2.3.1 General

An output message as formed by the Central Com-
puter System is composed of several words; the exact
number of words used to form each message varies with
the class of the message. G/A-FD, BO1, and BO2 mes-
sages contain a maximum of 13 words; 2 G/G message
contains five words; a G/A-TD message, four words;
and a TTY message, an indefinite number of words.
Each drum word is composed of 32 bits and is divided
into halves, the left half-word and the right half-word
(fig. 1—4). The right half-word contains output data
to be transmitted, and the left half-word is made up of
address data and a burst number. After formation and

RIGHT HALF 16 BITS
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Figure 1—4. 33-Bit Word
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prior to storing the word on the OB fields for eventual
transfer to the Output System, a parity bit is added,
increasing the total number of bits to 33.

2.3.2 Left Half-Word
The left half-word of each word contains a 3-bit
section address, a 5-bit register address, and a burst
number which may contain as many as eight bits (fig.
1-5). This data is used to inform the Output System
of the output storage section that is to transmit the

right half-word, the storage register in the selected out-

put storage section where the right half-word is to be
stored, and the burst period during which the right
half-word is to be accepted from the OB fields and
transmitted by the selected storage section. The com-
bination of the section address and register address
determines the group of remote sites to which the right
half-word is transmitted. In order to understand how
the section and register addresses are used to accom-
plish this, a short discussion pertaining to the logical
composition of the storage device employed in the out-
put storage sections and to the telephone facility con-
nections is required.

The output storage sections employ ferrite core ar-
rays as storage devices. An array is composed of 26
core registers, each of which has the capacity to store
a right half-word. An array within an output storage
section is logically divided into slots, each formed by
the number of registers required to accommodate the
right half-words of one output message. Therefore, a
slot can store one output message. Since the number of
words forming an output message varies according to
the output message class, the number of registers form-
ing a slot differs in each output storage section. A
G/A-FD, a BO1, or a BO2 slot is composed of 13 regis-
ters; a G/G slot, of five registers; a G/A-TD slot, of
four registers; and a TTY slot, of only one register.
The TTY slot requires only one register because only
one word of a teletype message is transmitted during a
teletype burst period.

During the formation of an output message, the
remote site intended to receive this message is known
as a result of the Central Computer System operations
performed on air defense situation data. A binary code
for a storage section is selected and assigned as a section
address. This section address is assigned to each left
half-word of the output message. The section address is
a general address because it merely specifies the output

SECTION REGISTER

[ ADDRESS -#»re¢—ADDRESS ——#»at—— BURST NUMBER——»
3 BITS 5 BITS 8 BITS MAX

LS L2 |L3 L7 |L8 Lis

Figure 1-5. Left Half-Word
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storage section that is to transmit the message. In order
to complete the addressing of the output message, the
words of the message must be addressed to those regis-
ters composing the slot in the selected output storage
section array that supplies the telephone circuit con-
nected to the intended destination of the message.
Therefore, successive words in the output message are
sequentially assigned the register addresses of the reg-
isters in the slot concerned.

The remaining portion of a left half-word is the
burst number. The burst number that is assigned to a
message indicates the burst period during which the
words of the message are to be accepted by the Output
System from the OB fields and then transmitted. The
same burst number is assigned to each left half-word of
the message (or messages, if there is more than one in
a burst).

2.3.3 Right Half-Word

The right half-word of each output message word
is formed by the Central Computer System, using only a
part of the data composing a complete output message.
The remaining output message data is used to form the
right halves of the other words in the message. The
G/A-FD messages contain a maximum of 13 right half-
words which are used by the Central to carry required
data to manned airborne interceptors. A right half-
word in a G/A-FD message contains interceptor ad-
dress bits RS through R3, message label bits R4 through
R7, and actual data bits R8 through R15. The message
label of each right half-word of a G/A-FD message
identifies the data contained therein.

The G/A-FD messages are transferred from the
Central through telephone data circuits to G/A-FD data-
link transmitter sites. A G/A-FD data-link receiver at
the site receives the messages from one telephone data
circuit and provides radio communication to many air-
borne interceptors. Each of the right half-words in a
G/A-FD message is used by the G/A-FD data link trans-
mitter to modulate one of 13 subcarrier frequencies. In
this manner, separate subcarriers are modulated by a
different right half-word of the G/A-FD message; that
is, right half-word 1 modulates the first subcarrier,
right half-word 2 modulates the next subcarrier, etc.

BOMARC messages contain a maximum of 13 right
half-words which are used by the Central to carry re-
quired data to unmanned interceptors (missiles). A
right half-word in a BOMARC message contains missile
address bits RS through R2, message label bits R3
through R6, and command data bits R7 through R14.
The BOMARC messages are handled in the manner
described for G/A-FD messages.

A G/G message contains five right-half drum words
(a total of 80 bits) employed by the Central to carry
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either XTL information to an adjacent Central, for- TABLE 1-1. TELETYPE CODE
wardtelling data to an AN/FSQ-8 Combat Control Cen-

tral, or a height-finder request to a radar site. The data CHARACTERS

used to form a G/G XTL or forwardtelling message can
be varied by the air defense program in the Central
Computer System. Therefore, the amount of XTL or A

LETTERS FIGURES CODE SIGNALS

forwardtelling data used to form each right half-word oottt
of a G/G message is not fixed. B ? 01100

Each right half-word of a typical XTL or forward- ¢ 10001
telling message is formed by the Central Computer D $ 01101
System. The last (third) type of G/G message'is em- E 3 ‘ 01111
ployed to carry height-finder requests to radar sites.

F ! 01001

A G/A-TD message is composed of four right half- G & 10100
words that are separated into groups of two right half-
words and transmitted over separate telephone channels H # 11010
to manned interceptors via data-link transmitters. Two
data phone lines are used to transmit the G/A-TD mes- I 8 10011
sage to the manned interceptor. One data phone line ] ’ 00101
handles information relating to site address, aircraft
address, and the message label, whereas the command K ( 00001
data associated with the G/A-TD message is transmitted L ) 10110
over the other data phone line. One G/A-TD message '
contains four commands. The G/A-TD messages are M 11000
sent from the Central via data-link transmitters that
are located within a given area, with each transmitter N ’ 11001
operating on the same assigned frequency. Selection of a o) 9 : ' 11100
particular data-link transmitter is established by the site -
address portion of the G/A-TD message. If a G/A-TD P Y 10010
message is addressed to a particular aircraft in a group Q 1 00010
of aircraft, only that aircraft will take action on the
transmitted message. R 4 10101

A TTY message is employed by the Central to S Bell 01011
carry information to remote sites not equipped with T 5 11110
automatic input devices through telephone TTY cir- U ; 00011
cuits. Each right half-word of a TTY message contains
the binary equivalent of three TTY code symbols. A A% ; 10000
TTY code symbol represents either a letter, a figure, or W 2 00110
a TTY operation. Table 1—1 shows the TTY letter,
figure, or operation associated with a 5-bit binary code X / 01000
symbol. As shown in table 1—-1, a binary code may Y 6 01010
represent either a letter or a figure. Because of this, a
code symbol representing either of the TTY operations, z " 01110
entitled letters or figures, must be transmitted prior to Space 11011
the group of letter or figure codes. The three 5-bit code .

Carriage return 11101

symbols employed to form a right half-word of a TTY
message depend upon the data to be transmitted. The Line feed 10111
15 bits of the three 5-bit code symbols occupy bit posi-

tions R1 through R15 of a TTY right drum word. Bit Figures 00100
RS is always a 1 (fig. 1—6). The TTY transmission Letters 00000
procedure is described in greater detail in Part 3, Blank —_—
Chapter 5.
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2.3.4 Parity Bit

A parity bit is added to the drum word to cause
the sum of the 1’s in a word to be odd if odd parity
is desired and to be even if even parity is desired.

A parity check for the correctness of the drum
word is accomplished by counting the number of 1 bits
of the drum word which are stored in the OB register
and affecting odd parity.

In the Central Computer System, after the left and
right halves of a word are formed, a count is made of
the 1 bits in the word. When an.odd total is discovered,
a O parity bit is assigned; however, should an even
total result, a 1 parity bit is added. In both cases, the
total number of 1 bits in the word plus the parity bit
is odd. Therefore, the number of 1 bits in a word,
together with its parity bit, when placed on the OB
fields, should always be odd. The 32-bit word plus the
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parity bit is referred to as a 33-bit drum word. When
the Output System reads a drum word from the OB
fields, it performs a parity count during which the 1
bits in the drum word are added. If the result is an
odd total, the drum word is assumed to contain no
errors, but if an even total results, the drum word con-
tains an error and is effectively destroyed by the Output
System.

=
]
<
o FIRST SECON THIRD
— % [*—TELETYPE —#wrat— TELETYPE——pord— TELE TYPE -——
£ CODE CODE CODE
=4
RS |RI RS |R6 RIO|[RII RIS

Figure 1—6. Teletype Right Half-Word
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CHAPTER 3
DRUM STORAGE

3.1 GENERAL

There are three OB fields on the LOG drum in the

Drum System upon which drum words are stored by the
Central Computer System for eventual transfer to the
Output System. These OB fields are used consecutively
and therefore may be thought of as one triple-size drum
field. One restriction upon this concept is the fact that a
continued reading from, and writing onto, these fields
is interrupted because a delay of 120 psec is introduced
when switching from one field to the next. These OB
fields are divided into 6,144 drum-word registers (2,048
per field); however, only 2,036 registers per field are
used to store drum words because 120 psec are required
at the beginning of each field to allow for switching
fields. Thus, 12 drum registers per field have no usable
information in them (dead registers); consequently,
only 2,036 drum-word registers are used. The drum
rotation is such that successive registers are spaced 10
usec apart.
‘ The drum words of an output message are written
onto the OB fields at the maximum rate of 50,000 drum
words per second. They remain on the OB fields until
the arrival of the burst period, during which the out-
put message is intended for transmittal by the Output
System. At the start of this burst period, the drum
words of the output message are accepted by the Output
System from the OB fields at the maximum rate of
100,000 drum words per second, but not for the same
section.

In addition to transferring drum words stored on
the OB fields to the Output System, the Drum System
supplies the Output System with OD LOG drum timing
pulses. The Output System utilizes these timing pulses
to synchronize its operations with those of the Drum
System.

3.2 OB FIELDS WRITING

The drum words of an output message are written
on either all odd or all even drum-word registers of
the OB fields, as specified by the Central Computer
System. Since there is a 10-psec interval between succes-
sive registers, the minimum interval between the writing
of successive drum words of an output message onto
the OB fields is 20 psec; i.e., writing cannot occur at
a rate greater than 50,000 drum words per second. The
drum words of the same output message are intended
for a specific storage section of the Output System,

which receives them at the same rate at which they are
written onto the OB fields, The maximum rate at which
information can be placed in a ferrite core array em-
ployed by an output storage section is 50,000 pulses
per second (pps). Thus, limiting the writing of suc-
cessive drum words onto only odd or even drum regis-
ters ensures that the rate at which the drum words of
a message are transferred to a particular core array
never exceeds 50,000 drum words per second.

Successive drum words of one message are not
necessarily written onto these drum fields in successive
odd or even registers. Instead, each drum word is writ-
ten onto the first odd or even drum-word register that
is made available to the drum word.

A drum-word register is considered to be available
if its contents have been accepted by the Output System;
it is considered unavailable when it stores a drum
word that has not yet been accepted by the Output
System. Thus, when a drum word is accepted by the
Output System, the status of its associated drum-word
register is changed to indicate an available register. In
like manner, the status of a register is changed to un-
available when a drum word is written onto the register.
No separate erasing procedure is performed when a
drum word is accepted by the Output System because
the action of writing a new drum word onto an available
register effectively erases the old drum word as part of
the write-in process.

Frequently, each successive drum word must wait
for a register to become available; consequently, succes-
sive drum words are often placed on the OB fields
several drum-word registers apart. Therefore, the inter-
val between the writing of successive drum words of the
same message may be greater than 20 psec (but the in-
terval is always a multiple of 20 psec).

3.3 OB FIELDS READING

The contents of the drum-word registers on the
OB fields are read consecutively and transferred to the
Output System. Since there is a 10-psec interval between
drum-word registers, the drum words cannot be read
at a rate greater than 100,000 drum words per second.
Each drum word received by the Output System is ex-
amined and either accepted, rejected for being in error,
or rejected for arriving too soon. The statuses of the
registers associated with the drum words that are either
accepted or rejected for being in error are changed to

1
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“available.” The drum words that are rejected for ar-
riving too soon remain on the OB fields. These rejected
drum words contain good information and will be ac-
cepted at a later time, Consequently, the statuses of the
registers containing the rejected drum words remain
unchanged to prevent the writing of new drum words
over still useful information.

3.4 LOG DRUM OD TIMING PULSES

The LOG drum OD timing pulses are used to
synchronize the transfer operations of the Drum System
with the processing operations of the Output System.
There are four OD timing pulses, designated OD 1,
OD 2, OD 3, and OD 4. These pulses occur in sequence
from OD 1 through OD 4 with a spacing of 2.5 usec
between successive pulses. Therefore, an OD cycle,
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which is the interval between an OD 1 pulse and a
following OD 1 pulse, is 10 psec. The OD pulses are
generated continuously, with every OD 4 pulse fol-
lowed 2.5 usec later by an OD 1 pulse (fig. 1-7).

ODCYCLE | ODCYCLE | OD CYCLE
4—10 USEC—»-|a—10 USEC—w|w-10 USEC—»

2.5 USEC—~ ‘<—
ooPULSES \ | 2 3 4 ! 2 3 4

Figure 1-7. OD Cycle, Timing Chart
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CHAPTER 4
OUTPUT SYSTEM, BLOCK DIAGRAM ANALYSIS

4.1 GENERAL

The Output System transmits each output message
from the Central to the intended destination of the
message. This transmission is done in serial form during
the proper burst period and at the correct rate of trans-
mission over either a telephone data channel or a tele-
phone teletype channel. The Output System is composed
of two elements, the output control (unit 42) and the
output storage (unit 33). These elements perform the
Output System functions. A separate discussion of each
element follows, related to the Output System block
diagram (fig. 1-8).

4.2 OUTPUT CONTROL ELEMENT,
BLOCK ANALYSIS

Although the output control element has several
functions, it primarily controls the flow of right half-
words from the OB fields to the output storage element.
Secondly, the output control element makes available
to the Central Computer System the contents of the

G/A-FD, G/G, G/A-TD, and TTY burst counters and
the G/A-FD elapsed-time counter. Specifically, there are
four burst time counters. One burst time counter is
common to the G/A-FD, BO1, and BO2 sections, where-
as the remaining three sections each have their own burst
time counter. This information aids the Central Com-
puter System in assigning the proper burst number to
future bursts. The output control element also provides
visual indications of any alarm conditions that might
occur in the Output System. Furthermore, this element
contains test equipment which can detect the sources of
trouble within the Output System and can also be used
to aid in checking certain elements of the Input System.

The output control element receives 33-bit drum
words successively from the OB fields at the maximum
rate of 100,000 drum words per second. As each drum
word appears, the section and register addresses are
decoded and a parity count is made of the bits of the
drum word. The parity count is initiated by an OB-load-
ing pulse that is received from the Drum System simul-
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, DRUM WORDS o
. G/A-FD, BOI, BO2, G/G, G/A=TD, OR TTY
OUTPUT BUFFER SEARCH
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g?g!&m G/A—FD, BOI, BO2, G/G, G/A—TD, OR TTY
o NO_COMPARE [ NON—SEARCH
G/A—FD, BOI, 802, 6/G, G/A~TD, OR TTY
DRUM TIMING _ DATA
-
G/A—FD, BOl, BO2, 6/6, 6/A=TD, OR TTY |
RESET OR INHIBIT PULSES
- SELECT AND READ
G/A—FD, BOI, BO2, 6/G, G/A~TD, OR TTY
OUTPUT
DISCONNECT CONTROL PARITY
UNIT 42 | STEP G/A—FD, 6/G, G/A-TD OR TTY &%TRTGTE DATA  _ TELEPHONE
; TERMINALS
__ BREAK REQUEST BURST TIME COUNTER UNIT 33
CENTRAL - OUTPUT PARITY ALARMS
COMPUTER< -
SYSTEM BURST TIME
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HALF-WRITE CURRENT
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Figure 1—8. Output System (3.0), Simplified System Diagram
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taneously with each drum word. Coincidental with the
decoding of the section and register addresses and the
parity check, the burst number is compared to the con-
tents of the G/A-FD (BO1, BO2), G/G, G/A-TD, and
TTY burst counters. Each burst counter is associated
with an Output System storage section. If the burst
number of the drum word is equal to the contents of
any one burst counter, the output control element gen-
erates either a G/A-FD-compare, BO1-compare, BO2-
compare, G/G-compare, G/A-TD-compare, or TTY-
compare level. The specific level generated depends
upon the burst counter whose contents match the burst
number.

A compare level generated in the output control
element will start the transfer of the right-half drum
word from the output control element to the output
storage element if the following conditions are met:

a. The correct storage section must have been se-

lected; this is indicated by the section address
(e.g., the G/A-FD storage section).

b. The compare level must be received from the
burst counter associated with the selected stor-
age section. (If the G/A-FD storage section is
selected, it is required that the G/A-FD-compare
level be received.)

c. The parity count result must be odd.

d. Receipt of the drum word from the OB fields
must occur during search time for the selected
storage section. (If the G/A-FD storage section
is selected, receipt of the drum word must occur
during the G/A-FD search time.)

The last condition is controlled by the output storage
element which applies three levels to the output control
element; each level indicates search time for a different
storage section. These levels are labeled search-G/A-FD,
search-BO1, search-BO2, search-G/G, search-G/A-TD,
and search-TTY, respectively. If the search level is up for
a particular storage section, and the other listed condi-
tions are also met, a correct compare level causes the
transfer of the 16 bits of the right-half drum word to the
selected storage section as half-write message pulses. A
half-word-address pulse, which results from decoding the
register address, is transferred in parallel with the 16
bits of the output word when the compare level is up.

‘When the burst number of a drum word does not
compare to the contents of any of the burst counters,
it is an indication that this drum word is not to be
accepted at this time. Consequently, the drum word is
rejected and a no-compare pulse is generated by the
output control element. The no-compare pulse is sent
to the Drum System, where it causes the status of the
drum-word register upon which the rejected drum word
is stored to remain unchanged. If the Drum System does
not receive a no-compare pulse from the output control

10
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element during the 10-usec interval between drum
words, it is an indication that the drum word is ac-
cepted, and the status of the drum-word register storing

“the accepted drum word is changed to indicate that the

register is now available.

During the parity count of the drum word by the
output control element, a parity bit is added to ensure
that the right-half drum word contains an even number
of 1 bits. This parity bit causes the total number of 1’s
in the 16-bit right-half drum word plus this parity bit
to be even. This parity bit is transferred to the output
storage element in parallel with the right-half drum
word as a G/A-FD, BO1, BO2, G/G, or TTY parity
bit, depending upon the section address in the drum
word. However, in the case of the G/A-TD section, a
parity bit is added to ensure that the right-half drum
word contains an odd number of 1 bits, This is a prime
requisite for the G/A-TD section. The G/A-TD word
transfer operation is the same as that mentioned for
the other sections.

The G/A-FD, BO1, BO2, G/G, and G/A-TD data,
after being processed, is transferred from the output
storage element to telephone terminal equipment via
relays in the output storage element. These relays do
not interfere with the flow of G/A-FD, BO1, BO2,
G/G, and G/A-TD data to the telephone terminal equip-
ment in a normal operation. During test operations,
however, the flow of data is rerouted by these relays.
If the Output System is under test (unit test), only one
section at a time is rerouted. Therefore, test data, after
being processed by the output storage element, is
matched to original test data that was manually loaded
into the output control element. In this manner, the
accuracy of the data, after passing through the Output
System, is checked. If a computer test is being made to
check the flow of information, the route of the output
data received from the output storage element is changed
by the output test equipment, In this case, the output
data is sent from the output storage element of the
Input System. At the termination of the computer test,
the test data is examined by the Central Computer Sys-
tem for errors.

The four burst counters (G/A-FD, G/G, G/A-TD,
and TTY) and the elapsed time counter are contained
in the output control element; their contents are. al-
ways present there. Upon receipt of a select-and-read
pulse from the Central Computer System, a burst-time-
count and elapsed-time-count transfer operation (burst-
count read cycle) is initiated, during which the contents
of the burst counters are sequentially transferred to the
Central Computer System with a 10-usec interval be-
tween burst time counts. The elapsed time count which
is associated only with the G/A-FD, BO1, and BO2 stor-
age sections is transferred in parallel with the G/A-FD
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burst time count. Simultaneous with the transfer of each
burst time count, a break-request pulse is sent to the
Central Computer System, initiating the input-output
(IO) break during which the burst time count enters
the Central Computer System. When the Central Com-
puter System has read any or all of the burst time
counters as desired, it generates a disconnect pulse that
is sent to the output control element. This pulse ter-
minates the burst-time-count and the elapsed-time-count
transfer operation.

If an alarm condition is detected during the proc-
essing of output data by the output storage element,

an alarm pulse is generated by the pertinent storage.

section and sent to the output control element as either
a G/A-FD, BO1, BO2, G/G, G/A-TD, or TTY alarm
pulse. In the output control element, if an error is
discovered in the drum word that is being examined,
or if one of the six alarm pulses from the output
storage element is received, an Output System alarm
level is produced. This alarm level is sent to the mainte-
nance console of the Central Computer System, causing
the illumination of a visual alarm.

The output control element contains the complete
test equipment for the Output System. This test equip-
ment allows the Output System to be tested separately
from the Central Computer during a unit loop test
function. Various test operations are visually indicated
on neons and lamps of the alarm portion of the Output
System.

The output control element receives LOG-OD tim-
ing pulses from the Drum System; these are employed
to synchronize the operations of the Drum and Output
Systems. These OD timing pulses are distributed by the
output control element to the various sections of the
Output System. The output control element -also gen-
erates and sends to the output storage element the tim-
ing pulses that are used in transferring the output data
from the output storage element to the transmission
equipment.

4.3 OUTPUT STORAGE ELEMENT,
BLOCK ANALYSIS

The purpose of each of the storage sections in the
output storage element is to receive, temporarily store,
and transfer messages in the proper form and at a rate
compatible with the transmission facilities.

The burst number of each drum word read from
the OB fields is received in the output control element
and is compared to the contents of the four burst coun-
ters. If the burst number matches the contents of a burst
counter, that burst counter produces a G/A-FD-com-
pare, BOl-compare, BO2-compare, G/G-compare, or
TTY-compare level which is sent to the output control
element,
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The contents of the burst counters and the elapsed
time counter in the output control element are labeled
G/A-FD burst time count, G/G burst time count, G/A-
TD burst time count, TTY burst time count, and elapsed
time count, respectively. In this manner, the contents of
these counters are always present in the output control
element and made available to the Central Computer
System through a programmed IO select-and-read pulse.

Each storage section in the output storage element
has its own timing circuits which enable it to record the
start and end-of-search time for each burst period. Each
storage section sends a search level to the output con-
trol element. When this level is up, it indicates search
time for the pertinent storage section. These levels are
labeled search-G/A-FD, search-BO1, search-BO2, search-
G/G, search-G/A-TD, and search TTY.

During search time of each burst period, a storage
section can receive the right-half drum words of the
burst that is to be transmitted during the remaining
portion of the burst period (referred to as the readout
interval). The drum words of a particular burst are
stored by the Central Computer System on the OB fields
at a maximum rate of 50,000 words per second. Because
of this, an output storage section receives drum words
during search time at the maximum rate of 50,000 words
per second. This rate corresponds to the switching rate
of the ferrite cores that are employed in the core array
storage devices.

The 16 bits of each right-half drum word accepted
by the Output System are sent from the output control
element to the correct storage section in the output stor-
age element as specified by the section address in the
left-half drum word, as half-write-message pulses. In
addition, a half-write-address pulse that is indicative of
the register address is also received by the pertinent
storage section in parallel with the half-write-message
pulses. This half-write-address pulse causes the half-
write-message pulses to be written into the correct reg-
ister of the core array in the selected storage section.

A parity bit is also received in parallel with the
half-write-address pulses and the half-write-message
pulses and is written into the selected register together
with the half-write-message pulses of the right-half
drum word. The contents of a register are labeled as an
output word. When this word is transferred from the
output storage element, the parity bit provides a means
of checking it for accuracy. At the completion of search
time for a storage section, the burst stored in the core
array of the storage section is transferred from the
storage section to transmission facilities.

Because of the type of transmission equipment
employed, the form of each message in a burst must be
modified before it can be transmitted. The G/A-FD,
BO1, BO2, G/G, and G/A-TD messages are modified by
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their respective conversion circuits and then transmitted
to their destinations over telephone data channels in
serial form. The TTY messages are also transmitted in
serial form. However, the TTY storage section simu-
lates several TTY transmitters and sends a TTY mes-
sage at the rate of 60 words per minute to a telephone
TTY channel. For these reasons, the forms of the out-
put messages are modified to a serial form and trans-
ferred to the proper transmission facilities at the proper
rate. The TTY messages, likewise, are transferred over
telephone data channels to their destinations.

A parity check is performed when a message is
transferred from a storage section. If a parity error is
detected, an alarm pulse is generated by the storage sec-
tion. This alarm pulse is sent as a G/A-FD-alarm, BO1-
alarm, BO2-alarm, G/G-alarm, G/A-TD alarm, or TTY

12
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alarm pulse to the output control element. This element
produces an output-alarm level that is sent to the main-
tenance console, causing the illumination of a neon
alarm indicator.

When the output control element is used to test
equipment, there is an interchange of numerous pulses
and levels between the test equipment and the output
storage element during either a computer or unit test.
Drum timing pulses which are used to synchronize the
operations of the output storage element with the op-
erations of the Drum System are received by the output
storage element from the output control element. In
addition, the timing pulses required to transfer the out-
put messages from the output storage element at the
proper rates are also received by the output storage ele-
ment from the output control element.



PART 1 3-12-0 Ferrite Core Array

CH S

5.1

CHAPTER 5
HEART OF STORAGE SYSTEM

5.1 FERRITE CORE ARRAY

The ferrite core array is a coincident-current stor-
age device, similar in some respects to the core memory
of the Central Computer System. This array consists of
572 ferrite cores arranged to form 22 columns and 26
rows. As shown in figure 1—9, the two axes are termed
the message axis and the address axis, and each row is
known as an address register,

The ferrite core is a device with square loop hys-
teresis characteristics, capable of two saturated states.

These two states represent binary digits 0 and 1. Read-
in of information switches one or more cores in the ar-
ray from the O state to the 1 state and allows other
cores to remain in the 0 state. Readout of information
sequentially senses the state of all cores in the array and
switches the cores previously set to the 1 state back to
the 0 state.

During read-in of information, a particular core in
the array is set to the 1 state upon receipt of two half-
write currents: one from the address axis and one from

MESSAGE AXIS
22 COLLUMNS

ADDRESS
AXIS

26 ROWS =
(ADDRESS

REGISTERS)

FERRITE
CORE ARRAY

Figure 1—9. Ferrite Core Array
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the message axis. Each column and each row is provided
with a 2-turn read-in winding which carries the half-
write current. Figure 1—10 shows a simplified version of
an array and the method by which a particular core is
selected for read-in of information. The coincidence of
two half-write currents applied to a particular core re-
sults in the full-write current necessary to switch the
core from the saturated O state to the saturated 1 state.

Readout of information from an array necessitates
two windings for each column and each row in addition
to the read-in windings previously mentioned. (See fig.
1—11.) These windings are termed the readout winding
and the sense winding. Readout differs from read-in in
that it is not produced by two coincident currents; in-
stead, a single readout current flows through the 2-turn
readout winding of all ferrite cores of a column. Se-
quentially, one column after another is read out in this
manner. This process is illustrated in figure 1—12. When
the readout current pulse is applied to a given column,
all cores in that column that were previously switched
to a 1 state are switched back to the O state. The sense
winding is a single-turn winding which connects all the
cores in a given row. The effect of pulsing the readout
winding is to induce a voltage in the sense winding. The
induced voltage is of either of two configurations, de-
pending upon whether the core was already in a O state
or whether the core switched from the 1 state to the 0
state.

In accomplishing the read-in and readout processes
in accordance with requirements imposed on the Output
Storage System, various special circuits are employed.
These circuits are explained in detail in Chapter 2 of
Part 2. The paragraphs which follow explain the over-
all relationships of these circuits with each other and
with the ferrite core array.

MESSAGE AXIS
Al

~

N
HALF ~WRITE
CURRENT

ADDRESS <
AXIS HALF-WRITE
CURRENT

Figure 1—10. Core Current Coincidence
for Read-in, Simplified Diagram
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5.2 ARRAY READ-IN

The ferrite cores of each column and each row of
an array receive half-write current from a tape core de-
vice known as a core current driver (CCD). (See fig.
1-13.) The CCD is switched from either of two satu-

HALF-WRITE
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'
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WRITE 2N ) WINDING
e T —
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\\:

READ-OUT
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Figure 1—-11. Core Windings, Simplified Diagram
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” FROM SENSE
WINDING

READ-OUT
PULSE

Figure 1—12. Readout by Columns,
Simplified Diagram
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rated states, 0 and 1. A core is said to be set when it is
switched to the 1 state and reset when it is switched to
the 0 state. A separate CCD is coupled to each row and
each column of the array. When a CCD is switched from
‘the 0 to the 1 state, the associated ferrite cores remain
unaffected. However, when the CCD is switched from
the 1 state back to the O state, a half-write current is
transferred to all the ferrite cores in the associated row
or column.

The CCD is set to the 1 state by a circuit known as
the set driver (STD). Particular STD’s are selected

3-72-0
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along the address and message axes. Pulsing the selected
STD’s sets the associated CCD’s to the 1 state. The
CCD’s must now be reset in order to transfer half-write
currents into the array.

Associated with each ferrite core array are three
identical circuits called reset-inhibit drivers (RID).
Each RID is used to reset 16 CCD’s, the three RID’s si-
multaneously switching all 48 CCD’s. When the RID’s
are pulsed, all previously set CCD’s are reset to the 0
state, causing the read-in of half-write cutrents into
the ferrite cores.
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Figure 1—13. Ferrite Core Array with Associated Special Circuit used for Rekad-ln, Block Diagram
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The RID’s also perform another function. Informa-

tion is simultaneously transmitted to all arrays used in

the Output System. However, information at a given
time is intended for storage in only one array. To pre-
vent entry of information into certain arrays, the RID’s
associated with these arrays are pulsed in such a way as
to reset all associated CCD’s. This inhibiting pulse, de-
livered at the same time the STD’s are pulsed, cancels
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the effect of the set pulse delivered to the CCD’s. For
that array intended for storing information, the RID
does not inhibit the effect of the STD on the CCD.

To summarize the read-in operation: the RID’s are
used to select the array intended for storing informa-
tion by inhibiting the setting of CCD’s in all other ar-
rays. The selected STD’s are pulsed, setting their asso-
ciated CCD’s along the address and message axes of the
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Figure 1—14. Ferrite Core Array with Associated Special Circuits used for Readout, Block Diagram
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selected array. Then the RID delivers a reset pulse to
the CCD, resetting previously set 1’s to 0’s. Resetting of
the CCD’s results in half-write currents being trans-
ferred to the associated ferrite cores in the row or col-
umn, Upon receipt of two coincident half-write cur-
rents, a ferrite core is switched from the O state to the 1
state. At the completion of the read-in operation, each
selected address register of the array contains word in-
formation.

5.3 ARRAY READOUT

The current necessary to read out the ferrite cores
in the array is produced by a thyratron core driver
(TCD), a circuit which delivers a current output only
when triggered. (See fig. 1—14.) One such driving cir-
cuit is associated with each column of the array. Upon
receipt of a pulse from a given TCD, all ferrite cores
in the corresponding column which were previously
switched to the 1 state are switched back to the 0 state.

Triggering of the TCD’s is controlled by core shift
(CS) units, each unit controlling a separate driver. Each
CS contains a tape core which may be saturated in either
of two states. This group of CS’s is known as the read-
out shift register,

In order to trigger the TCD’s sequentially, one at
a time, the CS’s of the register must be sequentially
switched, one at a time. This process is as follows: The
core prime (CP), a driver circuit, pulses the first CS of
the register, switching this core from the 0 to the 1
state. Then, all CS’s are pulsed simultaneously by the
core shift driver (CSD). This latter pulse switches the
first core back to 0. The switching causes two things: It
switches the second CS from 0 to 1, and it triggers the
corresponding TCD which reads out the associated col-
umn (switches the ferrite cores to 0). The CSD is then
pulsed again, which switches the second CS back to 0
and the third CS to 1. Switching of the second CS to 0
fires the second TCD, which reads out the second col-
umn. This action continues until all columns have been
read out. Thus, it might be said that readout informa-
tion is serially entered into the readout shift register
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and that message information is taken from the column
by parallel readout.

As each column of the array is pulsed, a voltage is
induced into the sense winding of each row. Each sense
winding drives a flux amplifier (FA). The FA either
rejects the sense winding signal if the corresponding
ferrite core contained a 0 or accepts it if the core con-
tained a 1. Each FA drives a separate CS of the output
shift register (OSR). Ferrite cores that contained 1’s
cause associated CS’s to be switched to the 1 state; fer-
rite cores that contained 0’s allow associated CS’s to re-
main in the 0 state. Since the information contained in
all the ferrite cores of a column is entered simultane-
ously into the OSR, the register is said to receive this
information by parallel entry.

Once the information contained in a column is
transferred to the OSR, the CSD associated with the
register is then pulsed repeatedly. With each pulse, in-
formation contained in each CS is transferred to its
succeeding CS. Output from the register is taken from
the last CS. The CSD is pulsed until all information is
serially read out of the register.

To summarize the readout operation: the first CS
in the readout register is switched to the 1 state by a
core prime. This is necessary to initiate the serial switch-
ing which takes place in the register. As the CSD pulses
the readout shift register, the first CS is reset to 0, the
second CS is set to 1, and the first TCD is triggered to
reset all ferrite cores in the first column to 0. Informa-
tion contained in the first column is transferred through
the flux amplifiers to the OSR. The associated CSD is
pulsed repeatedly until all information is serially read
out of the register, output information being taken
from the last CS in the register.

After the first column has been read out, the CSD
associated with the readout shift register is pulsed again.
This initiates readout of the second column. This action
continues until all columns in the array have been read
out. Thus, the word information contained in each row
of the array is serially read out column by column. The
array is now ready for read-in again.

17
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PART 2
OUTPUT CONTROL ELEMENT

CHAPTER 1
INTRODUCTION

1.1 GENERAL

The primary purpose of the output control element
is to control the flow of intelligence from the output
buffer (OB) fields of the drum to the output storage ele-
ment and then to the transmission facilities. In addi-
tion, the output control element, upon request, sends
burst count information (essential for the computer
program) to the Central Computer System and per-
forms specific tests on the Output System. The tests in-
clude both system and programmed computer tests. The
output control element also provides visual indications
of any Output System alarm conditions.

Several terms, used frequently in the output con-
trol element, are explained as follows:

a. Drum Word. This is a 33-bit word entered into
the output control element from the OB drum
fields of the Drum System. It contains the in-
telligence destined for transmission, the data
which identifies the storage location, and the
transmission sequence of the word.

b. Output Word. This is the intelligence portion
of the drum word (right half) and is the por-
tion sent to the output storage element from
the output control element.

c. Burst. A burst is the group of words consisting
of the messages which are simultaneously trans-
ferred from a storage section to the associated
telephone lines during the complete emptying
of the storage section.

d. Burst Period. The burst period is the interval
between the entrance of successive bursts into
the Output System. The burst period consists of
search time and readout time. Search time (read-
in time) is the time required to read the burst
from the OB drum field into one of the output
storage sections. Readout (nonsearch) time is
the time required to empty the burst out of the
output storage section and into the telephone
lines, plus any pauses or delays. The bursts are
counted in each output storage section so that

information is always available as to which burst
period is in progress.

e. Burst Number. The burst number is part of the
33-bit drum word and designates the particular
burst period during which the word is to be en-
tered into the output storage section,

f. Elapsed Time. The elapsed time is the time that
has elapsed since the start of a burst period.

1.2 ELEMENT DIAGRAM ANALYSIS

The output control element is divided into four
major sections as shown in figure 2—1. They are the
output buffer, output computer, output alarm, and out-
put test equipment sections.

The OB drum section receives a drum word from
the LOG drum OB fields in parallel form, tests the par-
ity of the word, examines its addresses and burst num-
ber, and checks the validity of the word. On the basis
of the word addresses, this section determines to which
storage section and core array register within this stor-
age section the right-half drum word (intelligence por-
tion of the word) should be sent. It also generates an
output parity bit for the right-half drum word. If the
right-half drum word is valid, it is sent to the selected
section and register in the output storage element.

The output computer section transfers the burst
counts of the G/A-FD, G/G, G/A-TD, and TTY burst
counters to the Central Computer System at the latter’s
request. The elapsed time count is sent with each G/A-
FD burst count. Upon receipt of a select-and-read pulse,
the output computer section releases this information
to the Central Computer System. The Central Computer
System utilizes the information to assign the proper
burst numbers to future output messages. In addition to
this function, the output computer section generates
some, and distributes all, timing pulses used for con-
trolling operations in the Output System.

The output alarm section stores information re-
garding the status of several alarms and displays the
status of these alarms by neon indicators. It also dis-
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plays the drum word bits and certain test operations on
neon indicators and indicator lamps. These indicators
are located on the maintenance consoles and output
unit test panels.

The output test section, which is an integral part of
the output control element, is used to perform pro-
grammed computer and unit tests within the Combat
Direction Central,

Two types of loop tests are provided for the Out-
put System: the unit loop test and the computer loop
test. Each test involves the feedback of test information
to its origin for the purpose of checking whether: this
information was correctly transmitted. The Output Sys-
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tem test equipment effects the modification of informa-
ion paths to form the test information path required
for the test undertaken; i.e., unit test or computer test.

A description of the logical operations performed
by the four sections comprising the output control ele-
ment is included in the following text. The block sche-
matic diagrams used have been simplified by the exclu-
sion of nonlogical circuits such as cathode followers
and amplifiers. For the complete circuitry of a logical
circuit, refer to the Engineering Data Book. The logical
reference number of each of these drawings has been
included in the caption of each of the corresponding
simplified diagrams in this manual.

ouTPUT QUTPUT BUFFER ~
BUFFER DRUM_WORDS INTELLIGENCE
DRUM —> SECTION
FIELDS 3Ll
A ALARM B uniT
NEONS LOOP
CONTROL
OUTPUT
MAINTENANCE OUTPUT ALARM ALARM
CONSOLE SECTION
3.L1-2
TEST OUTPUT
PULSES NEONS \ ToRAGE
CONTROL ELEMENT
TEST
INPUT COMPUTER LOOP OUTPUT DATA
SYSTEM EQUl:),PlleENT i
TIMING PULSES o
l STEP
SELECT AND READ
BURST TIME COUNTS ] o \roiiT cOMPUTER G/A-FD, BOI,B0Z,
CENTRAL SECTION G/G, G/A=TD,TTY
COMPUTER BURST TIME COUNT )
BURST TIME COUNT 31.2
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CHAPTER 2
OUTPUT BUFFER SECTION

2.1 FUNCTIONS AND ANALYSIS OF OUTPUT
DRUM SECTION

2.1.1 Operations Performed

The output drum section of the output control ele-
ment performs the following basic related operations:

a. Enters the complete drum word from the OB
fields of the LOG drum into the OB register
flip-flops.

b. Checks the parity of the drum word in the OB
register flip-flops. '

c. Decodes the output section and register address
in the output word.

d. Checks the legality (correctness) of the output
section and register addresses.

e. Generates a parity bit for the output word if
needed.

f. Controls the read-in of the output word into
the proper section and register address in the
output storage element.

These basic operations are discussed in relation to the
overall action performed by the output drum section in
processing and accepting or rejecting the word.

2.1.2 Entrance of Drum Word

A drum word is received from the OB field of the
LOG drum via a relay in the output test equipment sec-
tion. Registers containing drum words are normally
read at a 10-psec rate. However, since words are written
on alternate registers, odd or even, by the computer,
they are accepted at the rate of multiples of 20 psec.
The purpose of the relay is to permit insertion of the
test word in place of the drum word during test periods.

Drum timing pulses, called OD pulses, are em-
ployed in the Output System to regulate the processing
of information from the LOG drum.

2.1.3 OD Timing Pulses

The OD timing pulses are four standard 0.1-psec
pulses generated in the Drum System; these pulses are
designated OD 1 to OD 4. There is a 2.5-usec interval
between OD pulses; therefore, the complete OD cycle
takes 10- psec, Since the complete OD cycle is recycled
without interruption, there is a 10-psec interval between
successive OD 1 pulses, successive OD 2 pulsés, etc.
Each word is read out of the LOG drum at time OD 1.

If the drum speed varies, the interval between the OD
timing pulses varies proportionately.

2.1.4 Flip-Flop Registers

The drum word entry into the Output System takes
place at the five flip-flop registers in the OB section (fig.
2—2). The five registers correspond to the information
represented by the groups of binary digits which make
up the drum word. These registers have a total of 33
flip-flops corresponding to 33 binary digits (bits). The
16 bits which make up the right portion of the drum
word contain the intelligence of the drum word as
shown in figure 2—3. The 16 bits which make up the
left portion of the drum word contain the section, reg-
ister addresses, and burst number of the right drum
word, A parity bit is added to the word in the Central
Computer in order to complete the word. The bit is
chosen so that the complete word always has an odd
parity.

The section address and the register address por-
tions of the left drum word are in the form of binary
coded words which designate, respectively, the section
of the output storage element (G/A-FD, BO1, BO2,
G/G, G/A-TD, or TTY section) and the register ad-
dress (0 to 31) of the section within which the output
word is to be stored.

The burst number portion of the left-half drum
word is a group of digits which make up a number that
identifies the burst period (2.1.6.2) during which the
associated right-half drum word is to be inserted in
the output storage section. In other words, the burst
number identifies the time and sequence for the inser-
tion of the right-half drum word into the output stor-
age section. The burst number is assigned by the pro-
gram in order to obtain the desired sequence of output
information. All the words which make up the message
to be sent out during a particular burst have the same
burst number, All the words which make up one burst
are entered during the search-time portion of the burst
period and cannot be entered during the readout time.
If a word shows up with a burst number which indicates
that it is assigned to a burst period that has ended
search time and is in the readout process, the word has
arrived too late to be entered into the Output System. It
is a missed word. This indicates an error in program-
ming, and the word will be rejected by the Output Sys-
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tem and effectively erased from the LOG drum. An
alarm is also produced to indicate this condition.
2.1.5 Checking Drum Word for Acceptance
2.1.5.1 Acceptance Requirements

In order for the right-half drum word to be read
out of the output control element into the output stor-
age element, the complete drum word must meet all of
the following requirements:

a. Correct parity
b. Correct section. and register addresses
c. Correct timing

d. Favorable comparison between the burst num-
ber and the contents of the burst counter,
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If a drum word has either incorrect parity, an il-
legal section address or register address, or incorrect
timing, it is not accepted by the Output System and is
erased from the OB field. If all conditions for accept-
ance are correct except the burst number, the word is
rejected temporarily by the Output System. This word is
preserved for use at a later time because its correct par-
ity and correct address have caused the generation of a
no-compare pulse. If the burst number does not com-
pare with the contents of the burst counter, and the
particular burst period in progress is in the readout
operation (nonsearch time), a no-compare pulse is still
generated, even though the timing is apparently wrong.
This is so because, although readout is taking place, the
lack of comparison indicates that the word is not as-
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- APARITY NG CLEAR PULSE QUTPUT
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Figure 2—2. Output Buffer Section (3.1.1), Block Diagram
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Figure 2—3. Drum Word Structure

signed to this particular burst period. Therefore, the
word has not been missed and is still good. It should
therefore be stored until a later time, so a no-compare
pulse is generated. On the other hand, if the burst num-
ber compares with the contents of the burst counter,
and readout is taking place (incorrect timing), there
has been a prdgramming error, as previously described.
The word cannot be entered into the Output System
and must be erased from the OB field of the drum. A
no-compare pulse is not generated.

When all four of the conditions listed above are
satisfactorily met, the output word (right-half word) is
transferred to the storage section and register indicated
by the respective addresses.

2.1.5.2 Acceptance Checks Made in Output
Drum Section
A summary of the conditions for acceptance or re-
jection of a drum word by the Output System is found
in table 2—1.
The output drum section performs the checks to
determine whether the parity is correct and whether the

section and register addresses are legal. The burst num-
ber comparison is made in the output control element.
The timing check is made in the output storage element.
The results of all four checks are passed to the read-in
control (fig. 2—2) of the output drum section, This
circuit then examines the results of the checks and pro-
ceeds to accomplish one of the following functions:

a. Operates the set drivers (STD’s) to read the
right-half drum word into the output storage
section if all checks are correct.

Generates a no-compare pulse and rejects the

drum word if only the burst number fails to

check.

c. Rejects the drum word and does not generate a
no-compare pulse if the parity or either of the
addresses is not correct.

2.1.6 Sequence of Operations in Output
Drum Section
2.1.6.1 Parity Bit
The drum word includes a parity bit, which is en-
tered into the 33rd flip-flop register (parity register)

TABLE 2—1. CONDITIONS FOR ACCEPTANCE OR REJECTION OF A DRUM WORD

BITS PUT

SECTION REGISTER WORD IN STATUS

PARITY ADDRESS ADDRESS BTC IN SEARCH DISPOSITION CHANNEL
OK OK OK OK Yes Accepted 0
OK OK OK OK No Lost 0
Bad OK OK OK Yes Lost 0
Bad OK OK OK No Lost 0
OK Illegal OK OK Yes Lost 0
OK Illegal OK OK No Lost 0
OK OK Itlegal OK Yes Lost 0
OK OK Illegal OK No Lost 0
OK OK OK Bad Yes Saved 1
OK OK OK Bad No Saved I

23



Slot Detection
2.1.6.1-2.16.5

(fig. 2—2). The parity bit is entered into the drum
word in the Central Computer as either a 0 or a 1 so
that each drum word always has an odd number of 1’s.
When the drum word enters the flip-flop register, a par-
ity check is made to see if there is still an odd number of
1’s. If such is the case, a parity-OK pulse is produced at
the parity gates associated with the parity register. A
parity-OK pulse is passed to the read-in control section.
Without this pulse, the right drum word is not read
into the output storage section. If there is an even num-
ber of 1’s in the drum word, a parity-NG pulse is pro-
duced. A parity-NG pulse is passed to the output alarm
section to produce an alarm.

2.1.6.2 Burst Number

As the parity of the complete word is being
checked, the digits in the burst number flip-flop register
(fig. 2—2) are compared with the number in the burst
counter. If the burst number compares with the contents
of the burst counter, a compare signal is generated in the
output control element and sent to the read-in control
circuit of this element. The output storage section sends a
search signal to the read-in control if the search-time
portion of the burst period is in progress. The read-in
control reads the right drum word into the output stor-
age element only if both the search and compare levels
are present.

2.1.6.3 Section and Register Address
Decoding
The section address portion and the register ad-
dress portion of the left-half drum word are both in
coded form. Therefore, to determine the designated ad-
dresses, decoding operations are performed. The sec-
tion decoder (fig. 2—2) examines the coded section ad-
dress and obtains a select-section signal on the one of
eight transmission lines which is designated to corre-
spond to the specified section address. The address de-
coder examines the coded register address and obtains a
select-register signal on the one of 32 transmission lines
which is designated to correspond to the particular reg-
ister address within the specified section, The register
address lines go to the STD’s, and the select section
lines go to the read-in control section. If the addresses
and other conditions are correct, the right-half drum
word is then read into the specified addresses in the
output storage element.

2.1.6.4 lllegal Address Detection

The section and register address information is also
passed to the illegal section and register address detec-
tion circuits (fig. 2—2). Only 6 of the 8 section ad-
dresses and only 26 of the 32 register addresses for the
G/A-FD, BO1, and BO2, 25 of the 32 register addresses
for the G/G and TTY, and 12 of the 32 register addresses
for the G/A-TD storage sections have been assigned;
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therefore, address words which call for an unassigned
address are illegal (in error). The illegal address detec-
tion circuits determine whether the section or register
address of a drum word is illegal. If either or both are
illegal, a pulse is sent to the output alarm section. If
both addresses are legal, a —30V level is sent to the no-
compare pulse generator by the read-in control. In or-
der that a no-compare pulse may be generated, parity
must be OK and the burst number should not compare.
If either of the addresses is illegal, the signal levels in
the correct select section and select register lines will be
missing. The read-in control will detect this and reject
the associated right drum word. Since a no-compare
pulse is not generated in this case, the incorrect word
is not passed to the output storage element and is erased
from the OB drum registers.

2.1.6.5 Slot Detection

As each right-half drum word is placed in a regis-
ter of a storage section of the output storage element,
the slot detection circuit counts the entrance of this
word. Since, within a storage section, a slot is a group
of registers which make up one message and therefore
feed one telephone channel, it is necessary to know how
many registers in a particular slot are filled with words.
The slot detection circuit produces a 410V level as each
G/G or G/A-TD word is read into a particular storage
array. Conversely, a slot pulse is produced as each G/A-
FD, BO1, and £O2 is read into a particular storage ar-
ray.

G/G or G/A-TD message slots require that a cer-
tain number of words be present in a G/G or G/A-TD
slot before the message contained in a particular slot
can be transmitted on the phone line. In the case of
G/G, five words constitute a complete message slot; for
G/A-TD, four words constitute a complete message slot.
If the prescribed number of words for a particular mes-
sage slot is not met, that message slot is considered in-
complete and is not transmitted to the telephone lines.
The slot detection circuit generates a slot level that is
counted each time a G/G or G/A-TD word is read into
a particular message slot. In this way, the status of each
G/G or G/A-TD message slot can be determined and
therefore used to control the transmission of G/G or
G/A-TD messages.

G/A-FD, BO1, and BO2 message slots do not re-
quire a specific number of words to constitute a com-
plete message. However, the number of words contained
in a particular slot must be known if the parity checking
circuit is to function properly. Hence, the slot detection
circuit generates slot pulses each time a G/A-FD, BO1,
or BO2 word is read into a message slot of a particular
section.

The TTY storage section does not require slot de-
tection because the data which is contained in one regis-
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ter is considered to be a complete message. Also, the
output parity checking circuit is not dependent upon
the number of words contained in the array. Thus, the
TTY storage array may be considered as consisting of
25 slots.

2.1.6.6 Output Parity Bit

The output drum word does not remain intact after
being processed by the output control element because
only the right-half drum word (intelligence) is trans-
mitted further. Therefore, a new parity bit must be gen-
erated in order to make a parity check at the receiving
terminals of the telephone lines. The output parity bit
is generated in the parity generator and delay circuits
(fig. 2—2) and is either a 0 or 1 in order to obtain an
even number of 1’s in the output word. Parity checking
of the G/A-FD, BO1, BO2, G/G, and TTY right-half
drum word requires that an even number of 1 bits be
present for a valid word, whereas the G/A-TD right-
half drum word requires that an odd number of 1 bits
be present. The parity bit is added to the right drum
word at the STD’s.

2.1.7 Read-In Operation

The portions of the output drum section which
read in the right-half drum word and the output parity
bit to the output storage section consist of the STD’s
and the half-write current generators which are condi-
tioned by the read-in control (fig. 2—2). The read-in
control may be considered to be a gate which permits the
passage of only an acceptable right-half drum word to
the output storage element.

At the beginning of the read-in operations, the
read-in control circuit is supplied with the following
data, as previously described, which is necessary to de-
termine whether the drum word is to be accepted and
transferred to the storage array:

a. Result of parity check

b. Selected storage section

c. Result of the comparison between the drum

word burst number and the contents of the burst
counters.

d. Presence of search or nonsearch time in each

output storage section.

The selected register address and the right-half
drum word are passed directly to the STD’s which are
controlled by the read-in control circuit.

If the selected storage section corresponds to one
of the six assigned sections, and the contents of the
burst counter for this section match the burst number
of the word, the right half of the drum word is in-
tended to be entered into the designated storage section
during the search time of the current burst period. It
follows, of course, that the word can be entered into a
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register of this storage section only if the register ad-
dress of the word corresponds to an assigned register.
This is taken care of directly at the STD’s.

A storage section can receive data only during
the first part of the burst period (search time). It trans-
mits data during the remaining portion of the burst
period (readout time). It cannot receive data during
readout. The read-in control circuit is informed of the
portion of the burst period in progress in each storage
section. A nonsearch signal indicates that readout is
taking place, whereas a search signal indicates that
search is in progress. Correct timing of a drum word,
then, means that the drum word is entered during a
search period.

If, at the beginning of a read-in operation, search
time is in progress in the selected storage section, if the
burst number is equal to the contents of the selected
storage section burst counter, and if no parity or ad-
dress errors are detected, the drum word is acceptable.
The read-in control circuit then causes the STD’s to
transfer the right-half drum word to the selected regis-
ter in the selected storage section. However, if all the
preceding conditions are met, except that readout is in
progress rather than search (incorrect timing), then the
drum word is missing from the burst being transmitted.
Since the word has arrived too late, its entry into the
storage section would interfere with the readout proc-
ess. Hence, it is not entered into the output storage sec-
tion. This is referred to as a nonsearch alarm condition.
If this condition exists, an alarm is sent to the output
alarm section. Also, since the word has been missed (too
late), it has no further use and is erased from the OB
fields.

If all the preceding conditions are met except com-
parison of the burst number, the drum word is assumed
to have shown up too early and is not acceptable. How-
ever, since the information in the word is still needed
and is assumed to be correct, the word must not be
erased from the OB fields, but merely stored until it is
ready to be used. If this is the case, the read-in control
circuit causes the no-compare pulse generator located
in the illegal address detection circuit to generate a2 no-
compare pulse (fig. 2—2). Thus, although the read-in
control rejects the drum word, it is not erased from the
OB drum fields.

2.1.8 Summary

If an error is detected in a drum word (illegal ad-
dress, illegal section, or even parity), or a nonsearch
condition exists although the burst number compares,
the read-in control circuit rejects the word, and a no-
compare pulse is not generated. Hence, the word is not
sent to a storage section and is erased from the OB
fields.

If the drum word and timing are correct, the read-
in control circuit produces the signals required to trans-
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fer the right-half drum word from the STD’s to the
half-write current generator. In coincidence with this,
the circuits associated with the particular register ad-
dress that is selected produce the additional half cut-
rent needed to put the data bits in the core atray. Thus,
the message is stored in a storage array, as determined
by the section decoder, and in a register address, as de-
termined by the address decoder,

2.2 DRUM WORD ENTRY

2.2.1 Flip-Flop Register

Each drum word is temporarily stored in a flip-flop
register which is divided into the right-half drum word,
burst number, register address, section address, and pat-
ity registers. The drum word consists of 33 binary digits
grouped as shown in figure 2—3, The right drum word,
consisting of bits RS to R15, inclusive, represents the
intelligence intended for transmission as the output
word. The left drum word (bits LS to L15, inclusive)
consists of the output section address, the output regis-
ter address, and the burst number. The addresses de-
note the output storage section and register to which a
right-half drum word is assigned; the burst number de-
termines the time and sequence of transmission of the
associated right-half drum word. The remaining drum
word bit is a parity bit,

2.2.1.1 Right-Half Drum Word Register

The right-half drum word register consists of 16
flip-flops, as shown in figure 2—4. A right-half drum
word is applied to the register flip-flops in the form of
parallel standard pulses from the OB fields. A 1 bit is
represented by the presence of a pulse and a 0 bit by
the absence of a pulse. The right-half drum word regis-
ter is cleared prior to the receipt of each drum word;
thus, when a right half-word is applied, it is reproduced
at the flip-flop outputs as d-c levels. The flip-flops are
cleared approximately 7.9 psec after receipt of a right-
half drum word in preparation for the next word. The
time interval between the registering and the clearing
of the drum word is chosen to be approximately 7.9 usec
because approximately 10 psec are required for each drum
register of the OB field to pass the drum read head.
Hence, since a new drum word may be passed from the
OB field to the Output System flip-flop register every 10
usec (time OD 1), the flip-flop register must be cleared
after a time interval of slightly less than 10 usec.

During the time that the right-half drum word is
in its register, its bits are applied to the STD’s of the
read-in circuit, the parity gates, and the output test
equipment section (fig. 2—2). The STD’s initiate prep-
arations for the transfer of a word into one of the stor-
age sections, should it be accepted. For a discussion of
the STD’s, refer to 2.6.4. The parity gates, which are
in the same location as the right-half word register,
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permit a sampling of the right-half drum word when
checking the parity of the complete drum word. The
gates utilize both the 0 and 1 flip-flop outputs. The
STD’s require only the 1 outputs to perform their func-
tions.

2.2.1.2 Burst Number Register

The burst number register temporarily stores bits
L8 to L15 of the drum word. The assigned burst num-
ber can have a maximum of eight binary digits and,
therefore, 256 possible variations. The number of pos-
sible variations (different possible burst numbers) must
be large enough to ensure that all bursts within a pro-
gram frame can be assigned a different burst number.

The burst number register, shown in figure 2—5,
contains eight flip-flops designated L8 to L15. Bits L8
to L15 are inserted in the register at the same time that
the other bits of the drum word are placed in their re-
spective registers, As in the case of the right-half drum
word register, the burst number flip-flops are cleared
approximately 7.9 psec later. During this interval, both
the 1 and O outputs are made available to the parity
gates, which are in the same location as the burst num-
ber register, and to the burst counter compare circuits.
This permits the parity check and burst number com-
parison operations to be conducted. The burst number
comparison operation consists of comparing the burst
number of the drum word with the contents of the
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burst time counter in the output control element. There-
fore, the contents of the counter indicate the burst num-
ber of the drum word which should be stored next. If
the drum word which has been entered does not have
the right burst number, but if all other information in
the word is found to be correct, the word is rejected
from the Output System but is not erased from the OB
field of the drum. It is therefore available to be re-
entered at the correct time, A no-compare pulse is gen-
erated (2.6.3) to accomplish this operation.

2.2.1.3 Section Address Register

Binary digits LS to L2 of the drum word consti-
tute a binary coded message that designates the section
address. This address denotes the specific output stor-
age section in which the associated right-half drum
word is to be stored. At present, there are only six out-
put storage sections (G/A-FD, BO1, BO2, G/G, G/A-
TD, and TTY). Since three binary digits can make up
eight possible combinations, there are eight possible
addresses. It follows that since only six addresses are
assigned, an error exists if one of the other two ad-
dresses is called for by the coded message. The illegal
section address detection circuit (2.5.2) determines
whether the section address is in error.

A simplified logic diagram of the section address
register is shown in figure 2—6. The outputs of these
three flip-flops are routed to the parity gates, which are
in the same location as the register, and also to the sec-
tion address decoder. The latter decodes the informa-
tion contained in bits LS through L2 to produce a sig-
nal level on one of the six section address lines. This
action produces control which directs the right-half
drum word to the assigned storage section. The illegal
section detection circuit produces an illegal-section-ad-
dress pulse if the decoded section address indicates one
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of the two unassigned section addresses. This pulse is
used in the alarm circuit. Also, an illegal-section level is
generated which is used in the no-compare pulse gen-
erator circuit (2.6.3) to cause a drum word which has
an illegal section address, and is therefore rejected from
the Output System, to be erased from the drum.

As in the case of the other flip-flop registers, the
clear pulse is applied to the section address register ap-
proximately 7.9 usec after entrance of the bits. This
clears the register.

2.2.1.4 Register Address Register

Binary digits (bits) L3 to L7 of the drum word
constitute a binary coded message which designates the
register address. This address denotes the specific regis-
ter within a storage section in which the associated
right-balf drum word is to be stored. At present the
G/A-FD, BO1, and BO2 storage sections use 26 regis-
ters; the G/G and TTY storage sections, 25 storage reg-
isters; and the G/A-TD storage section, 12 registers. A
5-bit code is used which furnishes 32 distinct addresses.
Therefore, there are seven unassigned register addresses
each for G/G and TTY, six ucassigned register ad-
dresses for G/A-FD, and 10 unassigned for G/A-TD. It
follows that if the 5-bit register address designates an
unassigned storage address for the storage section des-
ignated by bits LS to L2, the register address is in error
(illegal). This error is detected by the illegal register
address detection circuit mentioned in 2.5.3. This circuit
produces an illegal-register-address pulse if the register
address is illegal. This pulse is used in the output alarm
circuit and is also used in the same manner as the il-
legal-section-address pulse mentioned in 2.2.1.3. The
illegal register address detecticn circuit uses only the
signal levels from the 1 side of the flip-flops (2.5.3).
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Figure 2--6. Section Address Register (3.1.1),
Simplified Logic Diagram
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A simplified logic diagram of the address register
is shown in figure 2—7. The outputs of these five flip-
flops are routed to the address decoder, to the illegal
address detector, and to the parity gates. The parity
gates are in the same location as the address registers.
The register address decoder decodes the message con-
tained in bits L3 to L7 to produce a signal level on one
of the register address lines; there is one line for each
register address. This signal level is passed to the STD’s
(fig. 2—2) and produces control which directs the
right-half drum word to the assigned register in the as-
signed storage section.

As in the case of the other registers, the clear pulse
clears the flip-flops approximately 7.9 usec after the bits
are entered.

2.2.1.5 Parity Register

The 33rd binary digit, designated P, is inserted in
the drum word at the Central Computer System for
patity checking purposes. The parity bit is therefore
transmitted from the parity register to the parity gates
to be counted with the other drum word bits. The parity
register is merely a one flip-flop circuit (fig. 2—8). The
parity register and gates are in the same location, For a
detailed discussion of the parity checking operation, re-
fer to 2.3.

2.2.2 Flip-Flop Register Clearing

The temporary storage period of the OB register
is controlled by the flip-flop clear (reset) pulse. This
pulse is generated by the drivers section of the parity
register and drivers circuit. The controlling factors for
the application of the clear pulse are shown in figure
2—9. The clear pulse is a gated OD 4 -+ 0.4-usec timing
pulse that is sent out on separate lines to clear various
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flip-flops and flip-flop registers as indicated in the figure.

Since the OB register receives the drum word at
OD 1 time, the normal storage time of the OB register
can be established at 7.9 usec (OD 1 to OD 4 + 0.4).
Referring to figure 2—9, it can be seen that the applica-
tion of the clear pulse is dependent upon GT 1 and GT
2 being conditioned. The conditioning level that is ap-
plied to GT 1 is a not-error level (+10V) which is al-
ways present at this gate in normal operation. How-
ever, this level is brought down when an error in a
word transfer operation occurs during a computer loop
test operation. Gate tube 2 is normally conditioned by a
+10V level which is applied through the normally
closed contact points of de-energized relay K2. This re-
lay is energized only during a unit loop test. Therefore,
during normal operation, all of the OB register flip-
flops will be cleared 7.9 psec after receipt of a drum
word,

When the Output System is placed in the unit loop
test, K2 will be energized, preventing the right OB reg-
ister flip-flops from being cleared except by manual op-
eration. During a unit loop test, the right half-word is
processed through a particular storage section, through
the test circuitry, and then returned to complement the
right OB register flip-flops. Each flip-flop containing a
1 will be complemented to its 0 side. Thus, by prevent-
ing the normal clearing of the right OB register flip-
flops and by using neons, a visual indication of how
correctly the test word was processed can be obtained.

Whenever K2 is energized, the conditioning level
that is applied to GT 2 is dependent upon the output
levels generated in the address decoder. In a unit loop
test operation, the address portion of the OB register
(L3-L7) is stepped once for each test word that is read
into the storage array until all of the legal register ad-
dresses ate made to contain the test word. When this
occurs, and depending upon the section that is under
test, an add-12 (G/A-TD), add-25 (G/G and TTY), or
add-26 (G/A-FD, BO1, and BO2) level will be applied
to condition GT 2. Conditioned GT 2 will then pass an
OD 4 4 0.4 pulse to end the test word read-in opera-
tion.

To summarize, the registers are always cleared 7.9
usec after a word is entered into the registers during
normal operations. Only during test operations is it
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Figure 2—9. Flip-Flop Register Clear Control (3.1.1), Simplified Logic Diagram

possible for the drum word to remain in the registers
longer than this period. Thus, during testing, a drum
word may be retained longer than a normal time inter-
val when test operations require this condition.

The OD 4 +- 0.4 reset pulse shown in figure 2—9
is gated in the read-in control circuit when a word is
missed. It then becomes a nonsearch signal to the out-
put alarm section and the Central Computer, The OD
4 + 0.4 pulse is used since it occurs at a time sufficiently
later than the time of entrance of the word (OD 1) to
permit complete examination of the word.

2.3 PARITY CHECKING
2.3.1 Type of Parity Check

One of the conditions imposed on a drum word
before acceptance by the Output System is correct parity.
An odd parity check is employed, and each drum word
received should have an odd number of 1’s. The parity
check functions in the following manner. The drum
word (less the parity bit) is examined at the Central
Computer System to determine whether the total num-
ber of 1’s is odd or even. If the number of 1’s is odd, a
0 parity bit is registered; the total number of 1’s in the
33-bit drum word thus remains odd. Should the total
number of 1's be even (before insertion of the parity
bit), a 1 parity bit is registered, and the 33-bit drum
word now contains an odd number of 1’s. Therefore,
any drum word received by the Output System should
contain an odd number of 1’s.

The presence of an even number of 1's in the drum
word indicates that a 1 was either lost or gained during

the time of transit between the Central Computer Sys-
tem memory buffer register and the Output System.
Should such a situation arise, steps are taken to prevent
the further transmission of the incorrect word. Also, an
alarm signal is generated. (Note that the parity check
would fail if the word were to gain or lose two 1’s;
the total number of 1's would then be odd and the
word would appear to be correct. However, the proba-
bility of such an occurrence is slight, and the described
parity check method ‘is considered to be sufficiently
accurate.)

A parity check is also performed on the transmitted
output word at the equipment receiving the message.
This requires the addition of a parity bit to the output
word. The output word parity is not to be confused
with drum word parity described above. More detailed
information concerning output word parity is given in
2.34.

A discussion of the generation of the drum-word-
test-parity pulse, the method of determining the parity
status of a drum word, and the generation of the output
word parity is given below.

2.3.2 Drum Word Test Parity Generator

The parity check operation is initiated by applying
a test-parity-even pulse to the right-half drum word
register parity gates. This pulse is produced and con-
trolled by the drum word test parity generator (figs.
2—2 and 2—10). The parity gates operated by all the
flip-flop registers are connected serially, and the applica-
tion of the test-parity pulse at the beginning of the
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Drum Word Test Parity Generator
232

series connection produces a check of whether the com-
plete drum word, including the parity bit, has odd
parity.

The test parity flip-flop is set by the flip-flop
register-loading pulse at OD 1 time. This pulse is re-
ceived by the output control element from the OB
drum signal simultaneously with each drum word. The
flip-flop output level, after passing through an AND
circuit, conditions GT 2 which passes an OD 1 + 1.9-
psec pulse as the test-parity-even pulse. A sampling of
the parity gates then follows to determine drum word
parity. (Refer to 2.1.3 for an explanation of OD tim-
ing.) At the completion of the parity check, a parity-
OK or parity-NG pulse will be generated at approxi-
mately OD 2 4 0.8 psec to clear the flip-flop, decondi-
tioning GT’s 1 and 2. The timing is such that GT 1
will not be conditioned at OD 3 time if a parity check
of the drum word has been completed. Should the test-
parity pulse not be generated, or if it does not get
through all of the parity gates, GT 1 will be conditioned
to pass the OD 3 pulse which will cause the generation
of a lost parity alarm.

In order for the conditioning level of the two
gates to be up, coincidence is required between the flip-
flop output and the single-shot multivibrator output.
The single-shot multivibrator used here has a normally
positive output. Thus, when it is pulsed by the restart
signal from the test equipment, the single-shot multi-
vibrator produces a negative output level of 100-ms
duration before reverting to its normal positive level.
This inhibits the passage of test-parity pulses.

During an Output System test operation, the flow
of drum words from the OB fields to the output con-
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trol element is temporarily halted by the inhibiting
action of a stop pulse manually generated in the output
test equipment section and sent to the read circuits of
the OB fields. Therefore, during a test operation, out-
put data which should be transmitted at the time the
test operation is in progress accumulates on the OB
fields. At the completion of a test operation, a restart
pulse is manually generated in the output test section
and sent to the OB field read circuits where it restarts
the flow of drum words to the output control element.
The restart pulse is also sent to the drum word test
parity generator, shown in figure 2-10, where it
triggers the single-shot multivibrator. The drum words
received by the output control element following a test
operation are those that should have been transmitted
during the test operation. Thus, these drum words con-
tain old data and will be destroyed.

Destruction of these drum words is accomplished
in the output control element by accepting ail drum
words from the OB fields and not transferring them to
the output storage element during the 100 ms following
the generation of the restart pulse. This is the purpose
of the single-shot multivibrator in the drum word test
parity generator. Since its output is produced by the
restart pulse, the test-parity signals are not generated
during the 100-ms interval following receipt of the
restart pulse. Because no parity check is performed on
the drum words received during this time, the drum
words are accepted by the output control element from
the OB fields but are not transferred to the output
storage element. Consequently, during the 100-ms inter-
val, successive drum words are loaded into the flip-flop
register, and approximately 7.9 usec after each drum
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word is placed in the flip-flop register, the flip-flop
register is cleared. Since these words are accepted from
the OB fields, the status of the drum registers in which
they were stored on the OB fields is changed to indicate
that the registers contain old information. Thus, suc-
cessive clearance of the flip-flop register destroys the
drum words. Approximately 65 ms are required to read
the three OB fields; therefore, at the completion of the
100 ms following a test operation, all old output data
has been destroyed.

As shown in figure 2—10, the flip-flop may also be
set by a selected read-in-test-word pulse from the test
equipment. This is also a test equipment function and is
used to generate a test-parity signal while the equipment
is under test, since information flow from the OB fields,
including the OB-register-loading pulse, is cut off dur-
ing test.

2.3.3 Drum Word Parity Gates

The drum word received from the OB drum is sub-
jected to a parity test to determine whether it contains
an odd or even number of 1’s. It has been shown that
a correct incoming word must be of odd parity. An
even parity indicates the presence of an error. Both the
1 and O outputs of the register flip-flops setve as condi-
tioning signals for the parity gates (fig. 2—11). A test-
parity pulse then successively samples the parity gates
associated with the 33 drum word bits. The result is
either a parity-OK signal, indicating odd parity, or a
parity-NG signal, indicating even parity.

The test-parity pulse is simultaneously applied to
GT’s 1 and 2 (which are in the right-half drum word
register at OD 1 4 1.9 usec). Assume that flip-flop R15
of the right drum word register is set in the 1 state.
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3-12-0

REMAINDER
~ OFRIGHT DRUM WORD
REGISTER AND LEFT
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Gate 1 is conditioned to pass the test-parity pulse and
passes a pulse which is then designated odd. Gate 2
does not pass the test-parity pulse because the condi-
tioning of GT 1 resulted from register R15 being in the
1 state. The portion of the drum word thus far scanned
contains an odd number of 1’s. Therefore, the output
of GT 1 is designated as odd. Carrying this procedure
to the following stage, the odd pulse then simultane-
ously samples GT’s 4 and 5. Assume that level R14 is
down (bit R14 of the drum is a 0); GT 5, as expected,
passes an odd signal to the next stage.

Consider the case where bits R14 and R15 are 1’s.
The scanning of the two respective stages should then
indicate an even parity. The odd pulse from GT 1
samples GT’s 4 and 5, but only GT 4 is conditioned
to pass the signal which is appropriately labeled “even.”

The scanning continues in similar fashion through
the remaining gates associated with all the drum word
bits. The result, at the output of the parity gates, is
either the parity-OK or the parity-NG pulse, indicating
odd or even parity, respectively. The parity-OK pulse,
if generated, goes to the read-in control of the read-in
section (figs. 2—2 and 2—11). The action of the pulse
is described in 2.6. Briefly, a parity-OK pulse is neces-
sary for the right-half drum word to be transferred to
the output storage section. The parity-NG pulse, if
generated, goes to the output alarm section to set an
alarm indicating an error in the parity of the input
drum word.

Either the parity-OK or parity-NG pulse, depend-
ing upon which is generated, goes to the illegal address
detection section. The action of these pulses is described
in 2.5. Briefly, the pulse that is present is used as a pulse
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Figure 2—11. Drum Word Parity Gates (3.1.1, 3.1.1-2), Simplified Logic Diagram
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source for the generation of the illegal-register-address
pulse and the illegal-section-address pulse, if either of
the addresses is illegal. Also, the parity-OK pulse is
used in the generation of the no-compare pulse. The
no-compare pulse is generated when the burst number
is wrong but the address, parity, and search timing are
correct. (Refer to 2.6.) The reason that parity-OK or
-NG pulses are used in the illegal address detection
circuits is to cause these checks to be made after the
parity check but to be independent of the results. In
addition, the parity-OK or parity-NG pulses are used to
clear the test parity generator flip-flop for the reasons
explained in 2.3.2.

2.3.4 Ovutput Word Parity Generator

Since the drum word does not remain intact be-
yond the output control element, the drum word parity
bit cannot be used as the storage word parity bit. There-
" fore a new parity bit is generated for each right-half
drum word as it is read into the storage array and is
transmitted with it on the telephone lines. This permits
one parity check to be made as the message leaves the
Output System and another at the receiving equipment.
Thus, possible errors incurred during the processing of
the word through the storage element or through the
telephone equipment may be detected.

The following paragraph describes the operation
of the output parity generator circuit for all sections
except G/A-TD which is discussed in paragraph 4.4.6.4
of Part 3.

In normal operation, relay K1 is de-energized (fig. -
2—12); also, the flip-flop is cleared 7.9 psec after each
word is read into the OB register. The parity-checking
pulse (OD 1 4 1.9) emanates from the last parity gate
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of the right-half drum word (RS) as either a parity-odd
or parity-even pulse to strobe the gate, This pulse oc-
curs at approximately OD 2 time. If parity of the
right-half drum word is even, the flip-flop remains
clear; thus, the storage parity bit will be a 0 maintain-
ing an even number of 1 bits in the storage array. On
the other hand, if the parity-checking pulse appears on
the odd line, the flip-flop will be complemented to its
set side. Then the parity bit added to the right half-
word will be a 1, making the total number of 1 bits
even. It can be seen that for all sections except G/A-TD,
storage parity will be even.

The storage parity of a G/A-TD word is odd;
therefore, additional circuitry is required to utilize the
output parity generator flip-flop in a manner similar to
that of the other sections. When a G/A-TD word is
read into the OB register, a select-section-5 level will
be generated to condition the gate. This gate will then
pass the OD 1 + 1.9 parity-checking pulse which strobes
it to set the flip-flop. Assuming that the right half-word
has odd parity, a parity-odd pulse (OD 2) will be
produced to complement the flip-flop to its clear side.
Thus, odd parity of the right half-word is maintained.
The relay will be energized only when unit loop testing
any section other than G/A-TD. During unit loop test,
the operation of the parity generator circuit is, by nec-
essity, slightly different; however, even storage word
parity for all sections other than G/A-TD (which has
odd parity) will be maintained. For a more detailed
discussion of this circuit during a unit loop test, refer
to 2.5 of Chapter 2, Part 5. Since the AN/FSQ-8 uses
only a G/G and a TTY storage section, the operation
of the output parity generator circuit differs somewhat

AN/FSQ—7 ONLY

QUTPUT RESET 0D 4+0.4

CONTROL > ©
EXI) R ol
PARITY PARITY ODD O e
PARITY T R
G, Toares O R - se7 one
i |
oD G/A-TD TEST i
A___oNoT
TEST ! USED
EQUIPMENTY _agynor
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CONTROL &GT-I
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ADDRESS
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Figure 2—12. Output Parity Generator (3.1.1-2), Simplified Logic Diagram
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from the previous description. For a discussion of the
operation of the AN/FSQ-8 output parity generator cit-
cuit, refer to 2.2.2 of Chapter 2, Part 5.

2.4 DECODING

2.4.1 Need for Decoding

Previously, it was mentioned that each right-half
drum word has associated with it a storage section ad-
dress and a storage register address. The addresses are
in binary coded form and must be decoded before a
word can be routed to its proper destination. Further,
each word falls into a particular slot. A slot is a group
of registers within a storage array that feed one tele-
phone channel. Therefore, the contents of a given slot
are words of one message having a common destination.
The method of slot detection and the coding of the
section address and register address are explained be-
low.

3-72-0
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2.4.2 Section Address Decoder

The input signals to the section address decoder
consist of the three address bits from the section ad-
dress register flip-flops (fig. 2—13). There are eight
possible variations of section decoder inputs in binary
code whose equivalents correspond to decimal digits 0
through 7. Each of the eight combinations of three d-c
levels is fed to a separate AND circuit. When all three
inputs to one of the AND circuits are simultaneously
positive, a select-section level is fed to the read-in
control circuit. Select sections 1, 2, 3, 5, 6, and 7 rep-
resent the G/A-FD, G/G, TTY, G/A-TD, BO1, and BO2
sections, respectively. Numbers 0 and 4 are presently
unassigned since present plans call for only six output
sections. Therefore, a binary code corresponding to
these numbers (illegal sections) constitutes an error in
the section address. If a select-section-0 or a select-
section-4 level is produced, it is sent to the illegal sec-

SELECT SECTION | |

y _ [ ReaD-IN
SELECT SECTION 2 o LREAD-IN

(3.1.1-2)

SELECT SECTION 3

I—- I
——60
A

4
4

4 CIRCUIT

0 ILLEGAL
Av}SECTION
— e

(3.6.1)

L2

SECTION

®
¢
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REGISTER | L

(3.1.1) g

{

ILLEGAL
REGISTER

SELECT SECTION ADDRESS

LS

DECODER
(3.1.1)

SELECT SECTION 5

SELECT SECTION ]

SELECT SECTION 7 o

Figure 2—13. Section Address Decoder (3.1.1), Simplified Logic Diagram
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tion circuit and thence to the alarm control circuit,
whereupon an illegal section alarm is generated. The
possible binary codes and their respective section as-
signments are shown in table 2—2.

The AN/FSQ-8 section address decoder is basically
the same as that described above except that only two
section addresses, G/G and TTY (010, 011, respective-
ly), are legal. Therefore, the other section address num-
bers 0 and 4 through 7 will be decoded as illegal
sections.

2.4.3 Register Address Decoder

Each right-half word eatering the Output System
has an associated register address in binary code. The
address consists of five bits with 32 possible combina-
tions. A decoding operation is then necessary to produce
one signal cortesponding to each 5-bit address (fig.
2—14).

Bits L3 to L7 are applied to the decoder from the
register. address register flip-flops. Two of the five bits
(L3 and L4) are fed in four combinations to four
AND circuits. The remaining bits (L5, L6, and L7) form
eight combinations, each of which is applied to an
AND circuit. By further combining the L3 and L4 AND
outputs with the L5, L6, and L7 AND outputs, output
signals are produced on 32 possible lines, each line
representing a different register address.

A 410V level is produced on the line which cor-
responds to the decoded address. This level is then sent
to the STD’s in preparation for reading the right-half
drum word into a storage section register address. Reg-
ister addresses 0 through 25 are passed to the STD’s,
whereas register addresses 26 through 31 are designated
unassigned. The G/A-FD, BO1, and BO2 storage sec-

TABLE 2—2. SECTION ADDRESS ASSIGNMENT

BINARY CODE SECTION
(INPUT) SELECT ASSIGNMENT

s L1 12 SECTION (OUTPUT)

0 0 0 0 Illegal section

0 0 1 1 *Ground-to-air — FD

0 1 0 2 Ground-to-ground

0 1 1 3 Teletype

1 0 0 4 Illegal section

1 0 1 5 *Ground-to-air — TD

1 1 0 6 *¥*BOMARC 1

1 1 1 7 *BOMARC2 .

*Illegal sections in AN/FSQ-8
34
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tions use register addresses 0 through 25; the G/A-TD
storage section uses register addresses 0 through 11;
the G/G storage section, addresses 0 through 24; and
the TTY storage section, register addresses O through
24. Note that register addresses 0 through 25 are sent
to the slot detection network (refer to 2.4.4) and that
addresses 12, 25, and 26 are sent to the OB register
clear control circuit. The register addresses in binary
code and their respective decoded assignments are given
in table 2—3.

2.4.4 Slot Detection, Circuit Description

As each right-half drum word is ready to be placed
in a storage section register, the corresponding slot is
noted in the slot detection circuit. The purpose of this
circuit is to produce signals which are used in the
G/A-FD, BO1, BO2, G/G, and G/A-TD output storage
sections to determine how many registers in each slot
aré filled. The TTY output storage section does not
require slot detection information since there is only
one register per slot for this storage section.

It is necessary to produce a |10V slot level on the

line associated with a particular slot whenever 2 G/G

or G/A-TD word appears which has a register address
corresponding to this slot. This is known as slot detec-
tion and is accomplished as shown in figure 2—15, fold-
out. The G/G slot levels are developed as the outputs of
five 6-way OR circuits; each OR circuit produces an out-
put for each register address introduced from the register
address decoder. One G/G storage section has 25 regis-
ters divided into five slots. Consequently, only register
addresses 0 through 24 are required to produce G/G
slot signals 1 to 5. Hence, five 410V slot levels are
required for each G/G slot (one 410V level for each
word read into a slot); in effect, this indicates that all
five registers of a message slot are filled and can be
transmitted. Therefore, if a G/G array were filled with
information, 25 410V levels would be generated, in-
dicating that 25 registers are filled and ready for trans-
mission. .

The G/G slot levels are also produced by a d-c
level from the completed message shift register. This
signal, labeled clear-G/G-CMSR, is not associated with a
specific right-half drum word. Rather, it is a timed
level which arrives just before readout begins, to check
the completeness of a G/G message, if any, in each
message slot. If 2 G/G message slot is not filled by the
time G/G readout is to take place, that message is con-
sidered to be incomplete and is not sent out on the
telephone lines. The action of the G/G slot levels in the
completed message shift register of the output storage
section is to prevent a2 G/G message from being sent to
the telephone lines if the clear-G/G-CMSR signal ar-
rives at the slot detection OR circuits before all the
registers in a slot have been filled.
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Although the register addresses for all six storage TABLE 2—-3. REGISTER ADDRESS ASSIGNMENT

sections enter the five OR or G/G circuits, the signals

are rejected from the completed message shift register CODED REGISTER ADDRESS ne-opED REGISTER

unless the shift pulse from the shift-completed message (INPUT) ADDRESS

shift register pulse generator (fig. 2—15) is also sent

13 14 L5 L6 L7 (OUTPUT)
to the completed message shift register. Since this pulse
is sent only if the section address is G/G, if the burst 0 0 0 0 0 Register address 0
number compares with the G/G burst counter, and if .
G/G search time is in progress, the completed message 0 0 0 0 ! Register address 1
shift register responds to the slot signal only if a 0 0 0 1 0 Register address 2
G/G word is to be entered. .
0 0 0 1 1 Register address 3

The operation of the slot detection circuit for .
G/A-TD is the same as that described for the G/G stor- 0 0 1 0 0 Register address 4
age section except that G/A-TD has only three slots. 0 0 1 0 1 Register address 5
Now consider ‘the production of the G/A-FD slot pulses. .
The G/A-FD storage atray consists of 26 registers which 0 0 1 1 0 Register address 6
are divided into two slots, whereas the G/A-TD storage 0 0 1 1 1 Register address 7
array consists of 12 registers which are divided into .
three slots. It is arranged that a G/A-FD WQ\rd whose 0 1 0 0 0 Register address 8
register address is one of 0 through 12 preduces a 0 1 0 0 1 Register address 9
G/A-FD slot 1 pulse; a 13 through 25 register address .
produces a G/A-FD slot 2 pulse. Also, a G/A-TD word 0 1 0 ! 0 Register address 10
whose register address is 0 through 3 produces a G/A- 0 1 0 1 1 Register address 11
TD slot 1 pulse; register address 4 through 7, a G/A- .
TD slot 2 pulse; afd register address 8 tghrough 11, a 0 1 1 0 0 Register address 12
G/A-TD slot 3 pulse. 0 1 1 0 1 Register address 13

The production of the G/A-FD slot pulses differs 0 1 1 1 0 Register address 14
from that of the G/A-TD slot pulses in that additional :

0 1 1 1 1 Register address 15

circuitry is required to divide the 26 G/A-FD register

addresses into two groups so that two G/A-FD slot 1 0 0 0 0 Register address 16
pulses may be produced. As shown in figure 2—15, Reei ad
G/A-FD registers 13 through 25 are connected to OR 9. r o 0 0 1 egister address 17
Should any one of these input lines be positive, a posi- 1 0 0 1 0 Register address 18
tive level conditions GT 1 to produce a G/A-FD-slot-2 )

pulse at OD 4 0.4 time. Should a G/A-FD word be 1 0 0 1 Register address 19
addressed to a register in. the 0 through 1'2 group,. a 1 0 1 0 0 Register address 20
—30V level will be applied to OR 9, causing the in-

verter to condition GT 2, which produces a G/A-FD 1 0 1 0 1 Register address 21

slot 1 pulse at OD 4 +40.4 time. The G/A-FD slot
pulses are then routed to the storage parity check cir-
cuit in the output storage element. Here, a check is 1 0 1 1 1 Register address 23
made to determine whether the number of busy bits

1 0 1 1 0 Register address 22

equals the number of filled registers. (Refer to Ch 2 of 1 1 0 0 0 Register address 24
Part 3.) In the G/A-FD storage section, readout is not 1 1 0 0 1 Register address 25
controlled by the slot pulses, because a G/A-FD message )

may be complete even if all the registers in a slot are 1 1 0 1 0 Register address 26
not filled. The pulse which is passed by the G/A-FD 1 1 0 1 1 Register address 27

slot detection circuit is an enable-G/A-slot pulse from
the G/A-FD read-in control (refer to 2.6.2). This enable 1 1 1 0 0 Register address 28
pulse is present only if the drum word has a G/A-FD 0

section address, if the burst number compares with the
contents of the G/A-FD burst counter in the output stor- 1 1 1 1 0 Register address 30
age section, and if search time is in progress. In other
words, the G/A-FD slot pulse is produced only if the

36
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word is a G/A-FD word and has arrived in the correct
sequence during G/A-FD search time. The BO1 and
BO2 storage section slot detection circuit operates in the
same manner as the G/A-FD slot detection circuit.

2.5 ILLEGAL ADDRESS DETECTION

2,5.1 Introduction
At present, not all of the possible storage section
addresses and register addresses are assigned. A code
representing one of the unassigned addresses is known
as an illegal address and denotes an address error. The
detection of illegal register and section addresses is
discussed below.

2.5.2 Illegal Section Address Detection

Of the eight possible storage section addresses,
only six (sections 1, 2, 3, 5, 6, and 7) are presently
used. Consequently, the presence of section address 0
or 4 is indicative of a section address error. An error
in a section address is detected by means of the illegal
section address circuit (fig. 2—16). The detection is
accomplished by passing either one of the illegal select-
section levels through an OR circuit to condition a gate.
The illegal-section pulse is produced when either the
parity-NG or the parity-OK pulse samples the gate. In
this manner, the illegal-section pulse is generated after
the parity check is made and is independent of the
parity check results. The illegal-section pulse is then
sent to the alarm section; also, an illegal-section level
is made available to the no-compare pulse generator. A
no-compare pulse cannot be generated if there is an
illegal-section level (4-10V) present. (Refer to 2.6.)

2.5.3 lllegal Register Address Detection
Consider first an illegal register address associated
with a TTY or G/G word, both of which have the
same number of registers. Referring to figure 2—17,
note that a select-section level, designating that the

ILLEGAL NO-COMPARE
1 |SECTION o puLsE

SELECT
SECTION 4 4 GENERATOR
—_— o
ILLEGAL  ouTPuT
SECTION
DECOD)ER ¢ OR * GT M’sé‘é#&#«
3.1
( ] (3.1.1-2)
SELECT
SECTION 0
OR
. y
A e AT
v
(PARITY CHECK) TARITYNG 1
(3.1.1)
TO ILLEGAL
REGISTER DETECTION
(3.1.0

Figure 2—-16. lllegal Section Address Detection
(3.1.1), Simplified Logic Diagram
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G/G or the TTY section, as called for by the left-half
drum word, is sent by the section decoder to the illegal
register address detection circuit. The OR 1 circuit ap-
plies a level to the AND 1 circuit if either of these
sections is designated by the left-half drum word. Also
applied to this AND circuit are bits L3 and L4 of the
left drum word, and bit L5, L6, or L7 of the left drum
word, via the OR 2 circuit. These bits make up the
coded register address. Therefore, in order for AND 1
to pass a pulse, a select-section-2 or -3 pulse must be
present (G/G or TTY); bits L3 and L4 must both be
1’s; and one of the bits L5, L6, or L7 must be a 1.
Checking the register address assignment table (table
2—3), bits L3 and L4 are both 1’s only for register
addresses 24 through 31. However, only for register
addresses 25 through 31 is there a 1 for L5, L6, or L7.
Therefore, only for register addresses 25 through 31
does the AND circuit produce a 410V level. In brief,
then, a -}-10V level is produced from the AND 1 circuit
if the decoded section address portion of the drum
word is G/G or TTY and the coded register address
bits have 1’s in such a position as to call for register
address 25, 26, 27, 28, 29, 30, or 31. Since these register
addresses are unassigned, and therefore are illegal, the
level designates an illegal address.

The G/A-FD, BO1, and BO2 storage sections use
register addresses 0 through 25. In figure 2—17, it is
seen that the AND 2 circuit passes a 410V level only
if register address word bits L3, L4 and either L5 or L6
are 1’s and if a select-section -1, -6, or -7 level is sent
from the section address decoder. Again, referring to
the register address assignment table (table 2—3), L3
and L4 are 1’s only for registers 24 through 31. How-
ever, L5 or L6 is a 1 at the same time only for registers
26 through 31. Therefore, the AND 2 circuit produces
a 410V level only when the decoded section address
portion of the drum word is G/A-FD, BO1, and BO2
and the coded register address bits have 1’s in such a
position as to call for register address 26, 27, 28, 29, 30,
or 31. Since these register addresses are unassigned, and
therefore are illegal, the level designates an illegal ad-
dress.

The G/A-TD storage section uses register addresses
0 through 11. Referring to figure 2—17, the AND 3
circuit will produce a 4-10V level only when the select-
section-5 level is present and when register address bit
L3 is a 1. Referring to table 2—3, L3 will be a 1 for
addresses 16 through 31, making these addresses illegal.
The AND 4 circuit will pass a 410V level when the
select-section-5 level is present and when register ad-
dress bits L4 and L5 are 1’s. These bits will both be
I’s for addresses 12, 13, 14, and 15, thereby making
them illegal. Therefore, a 10V illegal-address level
will be produced by either AND 3 or AND 4 for ad-
dresses 12 through 31.
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The four AND circuits feed an OR circuit, There-
fore, if any of the AND 1, 2, 3, or 4 circuits passes an
illegal-register-address level, the OR circuit will pass
this level. This conditions a gate which then passes an
illegal-address pulse derived from either the parity-OK
or parity-NG pulse. In this way, the illegal-register-
address pulse is generated after the patity check is made
and is independent of the parity check results. The
illegal-address pulse goes to the output alarm section
and the illegal-address level goes to the no-compare
pulse generator. A no-compare pulse cannot be gen-
erated if there is an illegal-register-address 10V level.

2.6 STORAGE ELEMENT

2.6.1 Review of Operations
The following briefly summarizes the action of the
Output System to this point. The drum word received
from the OB drum, after being placed in the flip-flop
register, is examined to ascertain its parity, section ad-
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dress, register address, and storage array slot. More-
over, provision is made for detecting an illegal register
or section address. In addition, the burst number is
compared with the contents of the burst counter in the
output control element, Favorable results of the above
tests then form the basis for acceptance of a right-half
drum word by the Output System.

The flow of a right-half word from the drum word
register through the STD’s and half-write current gen-
erator to a storage matrix is shown in figure 2—18.
The read-in control circuit acts as a valve which permits
the passage of an acceptable right-half word and pre-
vents entrance of a right-half drum word which does
not conform to the established criteria.

The read-in operations associated with each drum
word occur during a 5.4-usec interval from OD 2 to
OD 4 4 0.4 (OD 4 pulse delayed 0.4 psec). A drum
word is received by the OB register from the OB fields
at OD 1 time. Between this OD 1 time and the follow-
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ing OD 2 time, the operations mentioned in the preced-
ing text occur, The right-half drum word, output stor-
age parity bit, and register address pulses are present
in the STD’s by the OD 2 time. If the drum word is
acceptable, this data will be transferred to the selected
storage section through the half-write current generator.
The acceptance of a drum word is determined by the
read-in control circuit.

At the initiation of read-in operations, the read-in
control circuit is supplied with the data required to
determine whether the drum word is to be accepted
and then transferred. This information is:

a. The selected storage section.

b. The result from each burst counter of the com-
parison between the burst number and the con-
tents of the burst counter.

c. The presence of search or nonsearch time in each
storage section.

d. The result of the parity count.

If a storage section is selected and the burst num-
ber matches the contents of the burst counter associated
with the selected storage section, the right half of the
drum word is intended to be transmitted by the selected
storage section during the current burst period. A stor-
age section receives data during the first part of a burst
period called search time. It transmits the data during
the later portion of the burst period, called readout
time, and cannot receive data during readout. The
read-in control circuit is informed of the portion of a
burst period in progress in each of the six storage sec-
tions. .

If, at the initiation of the read-in operation, search
time is in progress in the selected section, if the burst
number is equal to the contents of the selected storage
section burst counter, and if no parity or address errors
are detected, the drum word is acceptable. With these
favorable conditions present, the read-in control circuit
causes the transfer of the data in the STD’s to the
selected storage section, However, if all conditions are
the same except that readout is in progress, the drum
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word is missing from the burst being transmitted. This
is referred to as a nonsearch alarm condition. When
such a condition is detected, an alarm pulse is generated
by the read-in control circuit and sent to the alarm
section of the output control element. Also, the word is
rejected and'effectively erased from the OB field.

If there are no errors in the drum word, but the

burst number does not compare, the drum word is as-

sumed to have arrived too early and is not acceptable
at this time. Under this condition, the read-in control
circuit causes the no-compare pulse generator to pro-
duce a no-compare pulse. This pulse is sent to the OB
fields and causes the register associated with the drum
word to retain its status. Thus, although the drum word
is rejected, it remains on the OB fields for acceptance
during a future burst period.

Whenever a parity or address error is detected in a
drum word, or a nonsearch condition exists, while at
the same time the burst number compares, the genera-
tion of a no-compare pulse is suppressed. Thus, when-
ever an error is found, the status of the drum word
register on the OB fields is changed (the word is
erased). In addition, the read-in control circuit pre-
vents the transfer of data to the storage element. This
arrangement provides a means of eliminating incorrect
or missed drum words from the OB fields and prevent-
ing their transmission.

The read-in control circuit produces the signals
required to transfer the data from the STD’s through
the half-write current generator. The half-write current
generator, in general terms, consists of several channels,
any of which could be filled with the data from the
STD’s. At least one channel connects the half-write
current generator with each storage section. Upon ac-
ceptance of the drum word, the read-in control circuit
ensures that the data from the STD’s is routed through
the proper channel in the half-write current generator
to the selected storage section.

At OD 2 time (start of read-in), six inhibit pulses
are generated by the read-in control circuit and sent to

OUTPUT PARITY > SET HALF-WRITE
RIGHT DRUM WORD CURRENT

b =
REGISTER ADDRESS DRIVERS GENERATORS OUTPUT STORAGE ELEMENT

3..1-2
3.1.1-3

PARITY OK
NON—-SEARCH ¥
SECTION DECODER > NO-COMPARE
PARITY OK - READ~-IN CONTROL o PULSE
BURST COUNTER 3113 GENERATOR > 0B DRUM
(SEARCH TIME) > 3.1

Figure 2—18. Read-In to Storage Element, Simplified Logic Diagram
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Read-In Control
2.6.1-2.6.2

the half-write current generator flip-flops. These inhibit
pulses block the channels to the storage sections that
are not selected. A set pulse is generated 1.2 psec after
the inhibit pulses, producing a level which is sent to
the STD’s. The set level gates the data (right-half drum
word, storage parity bit, and register-address levels) to
the half-write curtent generator. As a result of the
inhibit pulses, the data is placed only in the selected
storage section channel (the one uninhibited channel).
At the termination of read-in to the CCD’s, a reset level
is produced in the read-in control circuit at OD 4 4 0.4
time. This reset level is applied to the CCD’s of the
selected storage section and shifts the data to the se-
lected address of the selected storage section.

2.6.2 Read-in Control

The read-in control circuit gathers the data that is
necessary for the acceptance of a drum word. On the
basis of the collected information, the circuit responds
either to accept or reject the word. If the word is ac-
ceptable, the read-in control circuit initiates steps which
subsequently cause the word to be transferred into its
storage section.

The read-in control circuit is divided into seven
parts. Those portions of the read-in control circuit that
are associated with the G/A-FD, BO1, BO2, G/G, G/A-
TD, and TTY drum words form six of the seven parts.
The remaining part is that which is common to all six.
The G/A-FD, BO1, BO2, G/G, G/A-TD, TTY, and
common parts of the read-in control circuit are dis-
cussed separately, followed by a summary of their com-
bined operation, below.

The action of the G/A-FD read-in control can best
be understood by referring to the simplified logic dia-
gram (fig. 2—19). The G/A-FD read-in control opera-
tions are dependent upon four levels: search-G/A-FD,
compare-G/A-FD, select-section-1, and not-search-G/A-
FD. The select-section-1 level is received from the sec-
tion address decoder, and when up, indicates that the
drum word in the OB register is addressed to the
G/A-FD storage section. The search and not-search
levels originate in the G/A-FD storage section. The
G/A-FD compare level, when up, informs the G/A-FD
read-in control that the burst number of the drum word
compares with the G/A-FD burst counter. The two
levels, search-G/A-FD and not-search-G/A-FD, are up
alternately. A positive G/A-FD-search level denotes that
search time for the G/A-FD storage section during the
current G/A-FD burst period is in progress and data
may be read into its array. However, when the not-
search level is up, it indicates that readout time for the
current G/A-FD burst period is in progress and data
cannot be read into the G/A-FD storage array. The
polarity of these four levels establishes the basis for
acceptance or rejection of data for the G/A-FD storage
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section and governs the actions of the G/A-FD read-in
control. Three groupings of the four levels are:
a. Select-section-1, wompare-G/A-FD, and search-
G/A-FD levels are up.
b. Either the select-section-1, the compare-G/A-FD,
or the search-G/A-FD level is down.

c. Select-section-1, compare-G/A-FD, and not-

search-G/A-FD levels are up.

Should the select-section-1, compare-G/A-FD, and
search-G/A-FD levels be up simultaneously, it is an
indication that the word is acceptable to the G/A-FD
storage section, and a select-search-and-compare-G/A-
FD level is produced (fig. 2—19). This level is simul-
taneously applied to GT 1, GT 3, and an inverter, and
is sent to the common read-in control. The common
read-in control circuit, after receipt of the select-search-
compare-G/A-FD level, sends a set-pulse level (OD
24 1.2 to OD 4) to the STD’s, providing the parity
check is OK. Gates 1 and 3 are conditioned and strobed
by an OD 4 4 0.4 pulse. At this time, the OD 4 -+ 0.4
pulse is passed by GT 3 and sent as an enable-G/A-FD-
slot pulse to the slot detection circuit. (Refer to 2.4.4.)
Simultaneously, GT 1 also passes the OD 4 + 0.4 pulse
and sends it as a reset-G/A-FD pulse to the RID flip-
flop which conditions one leg at the G/A-FD CCD’s.
The reset-G/A-FD level in the half-write current gen-
erator shifts the data into the G/A-FD storage section.

Consider the situation where one of the compare-
G/A-FD, search-G/A-FD, or select-section-1 levels ap-
plied to AND 1 (fig. 2—19) is down. This indicates
that the data in the drum word is not to be sent to
the G/A-FD storage section. Such a situation will pro-
duce neither a positive select-search-compare-G/A-FD
level, nor a reset-G/A-FD pulse, nor an enable-G/A-
FD-slot pulse. At this time, the output from AND 1
is down and the output of the inverter is up. Gate 2
is conditioned and passes an inhibit-OD 2 pulse to the
RID flip-flop which, in turn, generates an inhibit level.
The inhibit-G/A-FD level in the half-write current gen-
erator prevents the read-in of the righthalf drum
word to the G/A-FD storage section.

If the select-section-1, compare-G/A-FD, and not-
search-G/A-FD levels are up, a missed word (nonsearch)
condition exists. This signifies that the word in the
OB register is missing from the G/A-FD burst that is
being transmitted during the readout in progress. As
shown in figure 2—19, a missed-word level is produced
by AND 2 and sent to the common read-in control
which produces the nonsearch-alarm pulse and sup-
presses the generation of a no-compare pulse. The BO1
and BO2 sections read in information in the same
manner as the G/A-FD storage section. The G/A-TD
and G/G storage sections each employ two storage ar-
rays, designated A and B, respectively. Consequently,
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their read-in control circuits differ from the G/A-FD,
BO1, and BO2 read-in control circuits in that an addi-
tional pair of voltage levels must be considered (fig.
2—20). For the sake of brevity, only the operation of
the G/G read-in control circuit is discussed herein.

The levels which originate in the G/G storage sec-
tion are designated shift-phase A and shift-phase B.
The nature of the two levels is such that they do not
occur simultaneously; each level, when up, denotes that
the contents of its associated atray is being read out.
Consequently, output words can be written into the
other array. Thus, when the select-section-2, search-
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Fig. 2-19

G/G, and compare-G/G levels are up coincident with

the shift-phase B level, a reset-G/G-A pulse is gen-

erated in preparation for reading into G/G matrix A.
Another function of the read-in control circuit is

‘the generation of shift pulses which are passed to the

completed message shift register in the G/G output
storage section, The completed message shift register
and the shift pulse are used with the G/G slot level
(2.4.4) to count the number of words entered into the
G/G storage array. The read-in control circuit is used
to generate the required shift pulses. A combination of
a parity-OK pulse, and compare, search, and select-
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Figure 2—19. G/A-FD and BOMARC Read-In Control Circuits (3.1.1-3), Simplified Logic Diagram
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section levels for a G/G word generates a completed-
message-shift-register-shift pulse; that is, a shift pulse
is produced once for each word entered into a G/G
storage array. Hence, coincidence between a shift pulse
and a slot level indicates that the slot level is for
G/G rather than for the other sections.

The temaining portion of the G/G read-in control
is identical with the G/A-FD read-in control. The oper-
ation of the TTY read-in control circuit is the same as
that of the G/A-FD read-in control circuit and there-
fore requires no further description (fig. 2—21).

The common read-in control functions when a
select-search-compare G/A-FD, BO1, BO2, G/G-A, G/G-
B, G/A-TD-A, G/A-TD-B, or TTY level is present (fig.
2—22). One of these levels passes an 8-way OR circuit
and is applied to GT 1, GT 2, and the no-compare
pulse generator. (Refer to 2.6.3.)

Gates 1 and 2 will conduct when strobed. Gate 2
is strobed by an odd parity pulse at OD 2 - 1.2 time,
producing a set pulse which is sent to the STD’s. This
set pulse causes the STD’s to transfer the right half-
word, its parity bit, and its register address to the
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half-write current generator. Similarly, GT 1 is sensed
by an OD 2 pulse which is passed and sent to the
G/A-FD, BO1, BO2, G/G, G/A-TD, and TTY read-in
sections as an inhibit (OD 2) pulse.

Missed-word levels from the six storage section
read-in control circuits are sent to a 6-way OR circuit
in the common read-in control. Any one of these levels
will pass and be supplied as nonsearch levels to both
GT 3 and the no-compare pulse generator. A positive
nonsearch level indicates a missed word combination
which means that the drum word in the OB register
would be erased. This is accomplished by suppressing
the no-compare pulse and not relaying the data to the
storage element. The nonsearch level conditions GT 3
which is strobed by an OD 4 + 0.4 reset pulse from the
OB register clear control, The output from GT 3 is a
nonsearch pulse that is sent to the alarm control section
where it causes a nonsearch alarm to-be generated. The
overall action of the read-in control circuit can best be
described by considering the case of a G/A-FD word.
Assume that the select-search- and compare-G/A-FD
levels are up; with this condition present, the other

INHIBIT INHIBIT OR HALF-WRITE
> : > R
SECTION ADDRESS I 6T OR [Reset o/68 cgﬂsgﬁg"gn
DECODER SELECT SECTION 2 4 A (3.1.1-3)
l RESET
6/6 BURST COUNTER—COMPARE G/G GT SELECT, SEARGH, o )
(31.2) © SHIFT PHASE A & ( COMPARE G/G-B
SEARCH_G/G ‘
A COMMON
MISSED W /
NOT SEARCH 6/6 ol o ED WORD 6/6 . \READ-IN
CONTROL
6/6 CONTROL ¢ (3.11-3)
(3.2.2)
|t
& I - SELECT, SEARCH |
SHIFT PHASE B | GT RESET COMPARE G/G-A
A ]
INHIBIT, INHIBIT OR HALF-WRITE
> »  CURRENT
1 eT OR [ReseToroa GENERATOR
A (3.1.1-3)
PULSE GENERATOR —o0d10:
(3.1.3)
COM%?,':, %Evo-m INHIBIT 0D 2
TROL
(3.1.1-3) g COMPLETED
s e
>
CMSR REGISTER
/ ‘ (3.2.2)
PARITY OK
PARITY GATES
(3.1.10 0D2+0.8

Figure 2—20. G/G Read-In Control (3.1.1-3), Simplified Logic Diagram
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sections find the word unacceptable, and, consequently,
their select-search-compare levels are down. However,
the G/A-FD read-in control finds the word acceptable.
As a result of the positive select-search-compare-G/A-
FD level, an inhibit (OD 2) pulse is generated by the
common read-in control. This pulse, under the existing
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Figs. 2-21, 2-22

conditions, prevents the output data from being trans-
ferred to the G/G, G/A-TD, BO1, BO2, and TTY stot-
age sections.

The next step of the common read-in control is
to pass (1.2 psec later) a set pulse (OD 2 -}~ 1.2) which
will set the set-pulse flip-flop, causing a level of 410V
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Figure 2—21. TTY Read-In Control (3.1.1-3), Simplified Logic Diagram
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Figure 2—22. Read-In Control Common Equipment (3.1.1-3), Simplified Logic Diagram
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No-Compare Pulse Generator
26.2-26.3

to be generated for 3.8 psec (OD 2 4 1.2 to OD 4).
The generated 10V level is applied to the STD’s,
causing the output data to be transferred from the
STD’s to the G/A-FD CCD’s. The timing is such that
the transfer of data from the STD’s to the CCD’s of
the other sections is inhibited by the 3.8-psec inhibit
level. A reset-G/A-FD pulse is generated by the G/A-FD
read-in control 4.2 usec later (OD 4 4- 0.4). The reset-
G/A-FD pulse causes the transfer of the data from the
half-write current geperators (CCD’s) to the G/A-FD
storage array, terminating the read-in.

2.6.3 No-Compare Pulse Generator

When a word is accepted by the Output System, the
drum register containing the word is used to store a
succeeding word. This has the effect of erasing the first
word. However, should the assigned burst number of a
word not compare with the burst count at this time, it
may be necessary to retain the word on the drum,
thereby making it available to the Output System dur-
ing the next drum cycle. In this manner, a word may
be stored until the time it is scheduled to be trans-
mitted; that is, when the assigned burst number does
compare with the burst count. When all conditions
(with the exception of compare) are favorable for the
acceptance of a word, a no-compare pulse is generated
and sent back to the drum section. This prevents the
word from being erased from the OB drum.

A simplified logic diagram of the no-compare pulse
generator is shown in figure 2—23. The signals which
affect the generation of the no-compare pulse are as
follows:

a. Nonsearch level when burst number compares

(missed word)

ALARM SECTION STOP
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b. Illegal section

c. Illegal register

d. Search-select-compare
e. Parity-OK

Since the above signals, with the exception of parity-
OK, are applied to inverters, the no-compare pulse can
be generated only when all these signals are coinciden-
tally absent (assuming correct parity). The presence of
any one of these signals automatically inhibits the pro-
duction of a no-compare pulse.

Gate 2 passes a no-compare pulse only if the fol-
lowing conditions are present:

Select-search-compare down (—30V)
No missed word

Legal address

Legal section

Parity OK

oo oe

The select-search-compare level will be down without
affecting one of the other listed conditions in only two
situations: search and no-compare or nonsearch and
no-compare. Either one of these situations will bring
the select-search-compare level down, but a no-compare
pulse will be generated only if the four remaining
listed conditions are met. It should be noted that bring-
ing the select-search-compare level down (—30V) in any
other way will result in acquiting either a missed-word
or an illegal-section level, either of which prevents the
generation of a no-compare pulse. This is summarized in
table 2—4.

The previously mentioned signals are functions of
four basic variable quantities, assuming that parity is
OK; these are compare, select section, select register,

(3.1.1-2)

PARITY GATES PARITY OK
(3..1)
\
SEARCH SEL COMP I 6Tl IN 3.1.1-3)
PARITY OK
SEARCH-SELECT-
COMPARE DOWN
COMMON
READ-IN CONTROL  —MISSED WORD
(3.1.13)
A
ILLEGAL SECTION  ILLEGAL SECTION
ADDRESS DETECTION T OR o I *GT-2 > OR[N0 COMPARE DRU(‘? 2ST?TEM
(3.1.1) o
ILLEGAL REGISTER EGAL REGISTER
ADDRESS DETECTION LLEECAL REGISTE
(3.1.1) IN (300

Figure 2—23. No-Compare Pulse Generator (3.1.1-3), Simplified Logic Diagram
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and search time. In table 2—4, the 0’s indicate the
absence and the 1’s denote the presence of the quantity
shown at the top of each column. The 16 possible com-
binations of the four basic signals are shown with the
resultant effects of those signals used for no-compare
pulse generation. It should be noted that the missed-
word signal occurs when select section and compare
occur during nonsearch time. The results show that no-
compare is generated when the assigned burst number
does not compare with the burst count, providing that
the section and register addresses are legal and parity
is OK (table 2—1). The significance of these results
may be summarized as follows:

a. First, it is desired to retain a word on the OB
drum when it appears before its predetermined
time of transmission. This is accomplished by
returning a no-compare pulse to the Drum Sys-
tem when the assigned burst number does not
compare with the burst count.

b. Second, it is not desired to retain a word as-
sociated with incorrect parity, illegal register,
or illegal section address. Consequently, a no-
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No-Compare Pulse Generator
26.3-2.64

compare pulse is generated only when parity is
correct and the section and register addresses
are valid.

c. Third, the generation of a no-compare signal is
not restricted to a word occurring during search
time. Thus, a word that does not compare and
occurs during nonsearch time (being favorable
for acceptance in other respects) can be made
available for transmission when it does compare
(i.e, at a later time).

Referring again to the no-compare generator, it
will be noted that aside from the above considerations
the no-compare signal is also generated upon the ap-
pearance of a stop pulse from the alarm section. (See
fig. 2—23.) The stop pulse is generated when either
parity-NG, illegal-section, or illegal-register signals ex-
ist. This enables an incorrect word to be retained on
the drum for further examination.

2.6.4 Set Drivers
A set driver (STD) is basically a coincidence type
circuit which produces a current that is capable of
changing the state of a core from 0 to 1. Functionally,

TABLE 2—4. TABULAR SUMMARY, NO-COMPARE PULSE GENERATOR
(A O INDICATES ABSENCE; A 1 INDICATES PRESENCE)

SEARCH
SELECT SELECT MISSED ILLEGAL ILLEGAL SELECT
COMPARE SECTION REGISTER SEARCH WORD SECTION REGISTER COMPARE NO-COMPARE
0 0 0 0 0 1 1 0 0
0 0 0 1 0 1 1 0 0
0 0 1 0 0 1 0 0 0
0 0 1 1 0 1 0 0 0
0 1 0 0 0 0 1 0 0
0 1 0 1 0 0 1 0 0
0 1 1 o 0 0 0 0 1
0 1 1 1 0 0 0 0 1
1 0 0 0 0 1 1 0 0
1 0 0 1 0 1 1 0 0
1 0 1 0 0 1 0 0 0
1 0 1 1 0 1 0 0 0
1 1 0 0 1 0 1 0 0
1 1 0 1 0 0 1 1 0
1 1 1 0 1 0 0 0 0
1 1 1 1 0 0 0 1 0
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the STD circuit, shown in figure 2—24, delivers sig-
nals to the half-write current generator for each address,
for busy bits, whenever a 1 appears in the right
drum word and when an output parity bit is in-
cluded. These outputs are produced only when these
1’s appear at the same time as a set pulse from the
read-in control circuit. (See fig. 2—22.) It will be re-
called that the set signal is generated by a word ac-
cepted by one of the six storage sections. Therefore, the
STD circuit serves as common equipment for all words
accepted by the Output System. The actual selection of
a storage section occurs in the half-write current gen-
erator circuit. It should be noted that only those words
which prove acceptable for transmission cause the STD’s
to send the appropriate signals to the half-write current
generator.

There is provision in the STD’s for generating two
1 bits, referred to as busy bits, whenever data is trans-
ferred from the STD’s to the half-write current gen-
erator. The generation of these busy bits is made possi-
ble by the connection of two STD’s to a {10V source.
Thus, whenever a set pulse is applied to the STD’s, the
two busy bits are produced and transferred, together
with the other data, to the half-write current generator.
These busy bits are required by the G/A-FD, BO1, BO2,
and TTY storage sections; their functions are described
in the discussions of these storage sections (Ch 2 and
4 of Part 3).

Provisions are made for register addresses O
through 25, representing the maximum number of regis-
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ters used in any one output storage section. However,
for a given word, only one register address level is
present. Thus, the information sent to the half-write
current generator consists of signals denoting a register
address, the right drum word, output parity, and busy
bits. The manner in which this information is employed
by the half-write current generator is discussed below.

2.6.5 Half-Write Current Generator

The half-write current generator circuit produces
currents which are capable of changing the state of
ferrite cores from the signals delivered to it by the
STD’s and the read-in control circuit. These currents
are utilized by a ferrite core storage matrix in the out-
put storage section to cause storage of a word in the
matrix. The manner in which the half-write currents
are combined to effect storage is covered in paragraph
2.3 of Chapter 2, Part 3.

2.6.5.1 Flip-Flops and Reset-Inhibit Drivers

The current generator is discussed from the stand-
point of the current generator flip-flops, shown in figure
2-25, and the current generator matrix, shown in
figure 2—26. It is the function of the flip-flops to de-
liver the required inputs to the reset-inhibit drivers
(RID) which, in turn, deliver currents required by the
current generator matrix. Functionally, an RID is capa-
ble of producing a current which will either reset or
inhibit a change of state in the cores when applied to
tape core windings. The cores are wound in a manner
which causes a reset signal to reset the cores to the 0
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Figure 2—24. Set Drivers (3.1.1-2), Simplified Logic Diagram
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state or an inhibit signal to prevent a core from being
changed from 0 to 1. It is important to note that an
RID produces an output voltage only from a negative
voltage input. Referring to figure 2—25, initially, all
the flip-flops which control the RID’s have been cleared
and the 0 sides are up. Under this condition, there is
no curtent out of the RID’s, and the half-write current
generator cores (fig. 2—26) which are connected to the
RID’s can then have 1’s set into them by the STD’s.
However, when an inhibit pulse is sent to a flip-flop,
the 0 side is brought down to —30V. The correspond-
ing RID then passes either an inhibit signal or a reset
signal to the related cores in the half-write current
generator. These two signals are identical in magnitude
but differ in timing and function. An inhibit pulse is
sent at the beginning of a read-in operation and pre-
vents a 1 from being set into a core by the STD. A

3-12-0

Half-Write Current Generator
2.6.5.1-2.6.5.2

reset pulse is sent after the information is set into the
cores and drives the cores which have been set to 1
back to 0. This causes the 1’s to be read out of the
cores and into the appropriate ferrite cores in the ap-
propriate output storage array.

2.6.5.2 Core Current Drivers

The half-write current generator matrix consists of
48 vertical columns and 12 horizontal rows of tape
core current drivers (CCD’s). Each of the 576 CCD’s
is capable of delivering a current of half the amplitude
required to cause a change of state in a corresponding
ferrite core in the output storage element. At present,
only eight of the 12 rows are in use, one each for G/A-
FD, BO1, BO2, G/G-A, G/G-B, G/A-TD-A, G/A-TD-B,
and TTY.

The lines which pulse the horizontal rows feed the
signals in from the RID’s. Similarly, the lines pulsing
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Figure 2—25. Half-Write Current Generator Flip-Flops (3.1.1-3)
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the vertical column bring in the bits of the right drum
word, the associated register address of that word, the
output patity bit, and the busy bits from the STD’s.

Initially, all the cores in the CCD’s are in the 0
state. During the time that the vertical columns are
pulsed, the horizontal row of cores corresponding to
the section associated with the word being read into
the CCD’s is not pulsed. Those cores associated with
sections not selected are pulsed by inhibit signals. In
this manner, the cores corresponding to the selected
section change state in accordance with the information
being read in, whereas the other cores are prevented
from changing state. That is, only in the selected sec-
tion cores do 1 bits cause a change of state from 0 to 1;
the 0 bits have no effect. Some time later, a reset signal
is applied to all of the cores. This causes the cores
containing the temporarily stored information to revert
to the 0 state and, in the process of changing state, the
information is transferred out as half-write currents.
For the sake of clarity, the lines leading to the output

r TTY
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storage element from each CCD are not shown in figure
2--26.

2.6.5.3 Timing Cycle

To illustrate how the half-write current generator
functions, consider the case for a G/A-FD word. The
timing sequence for this condition is shown in figure
2—27. The drum word, after being taken off the OB
drum, is placed in the drum word register. The contents
of the right drum word register are then made available
to the STD’s during the interval between OD 1 and
OD 4 4 0.4. The STD’s pass their information along to
the CCD’s of the half-write current generator between
OD 2 + 1.2 and OD 4. (See figs. 2—24 and 2-27.)
(This assumes that all conditions are favorable for ac-
cepting the word.) Since the section selected is G/A-FD,
the read-in control circuit delivers inhibit signals to the
half-write current generator flip-flops associated with
the other seven arrays. Since an inhibit pulse is not
delivered to the G/A-FD flip-flop, the 0 side of this flip-
flop is up. Therefore, there is no current from the RID

3 2 ) b
3 < 3 (4
CcCD CCD CCD CCD CCD CccD CccD
\ )
G/A-TD-B 2 N z o -
CCD CCD CCD CCD CCD CcCcD CcCcD
4 . z | 1
G/A-TD-A ! o - } 2 '
CCD CCD CCD CCD CCD CCD ccD
| |
6/6-B v 2 > N -
CCD CcCcD CCD CCD cCcD CCD CCD
[ L [ L
G/6-A Yy ) ~ ~ y 3 ~ o
< < l [& <
CcCD CccD cCD CCD CCD CCD CcCD
4 L [/ ﬁ L
Bo2 b 2 — o~ b} ~
< < bl § 8
RESET- CCD CCD CcCD CcCcD ccD CcCD CcCcD
INHIBIT D,
S ‘ ‘ ‘ ‘ |
T BOI
1 = > 2 > >
CccD CcCcD cCco ccb CcCcD CcCD CCD
1 / 1 7 1 \
G/A-FD 2 o - 2 o o
~ CcCcD CcCD ccD cch CcCcD CCD ccD
SET REG ADR ITO 24 SET RI TO RI4
SET SET SET SET SET SET SET
Ags% Aggezs P RS RIS BB! BB2

A\

~
SET DRIVERS
(3.1.1-2)

Figure 2—26. Half-Write Current Generator Matrix (3.1.1-3), Simplified Logic Diagram
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Figure 2—27. Half-Write Current Generator Timing for G/A-FD Word, Functional Representation

associated with this flip-flop. On the other hand, the
other RID’s deliver inhibit currents to the CCD’s as-
sociated with BO1, BO2, G/G-A, G/G-B, G/A-TD-A,
G/ATD-B, and TTY, from OD 2, to OD 4, at which
time the RID flip-flops are cleared. (See fig. 2—25.)
Actually, only the RID’s which were inhibited change
back to the 0 side up, since the uninhibited RID (G/A-
FD, in this example) was not originally changed from
this condition. The inhibit level is up for an interval
that is concurrent with and slightly longer than the
STD outputs representing the right drum word, the
associated register address, and the busy bits. This as-
sures complete inhibiting. Because of the inhibiting ac-
tion, no information is placed in the CCD’s correspond-
ing to the sections not selected.

During the interval discussed above, the G/A-FD
CCD’s are free to receive the right drum word, the
corresponding register address, the output parity bit,

and the busy bits. Referring again to the timing chart,
it can be seen that the G/A-FD RID flip-flop output is
up from OD 4+ 04 to OD 141 and represents a
reset signal. (See figs. 2—18, 2—25, and 2-27.) No
other information is being fed into the CCD’s during
this interval. The G/A-FD reset signal clears the G/A-
FD CCD’s to the O state, causing the temporarily stored
data to be read into the GA-FD storage matrix in the
output storage element. The CCD’s are then all in the
0 state, prepared for the receipt of another word. It
should be noted that the OD pulse times mentioned in
this discussion are approximate, since considerations
such as cable delays and rise and fall times of the cir-
cuits were not taken into account.

All the RID flip-flops are cleared at OD 1 41, as
shown in figure 2—25. This action sets the 0 side of
the reset RID flip-flop up, the RID flip-flops which
were inhibited having been cleared at OD 4.
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CHAPTER 3
OUTPUT COMPUTER SECTION

3.1 GENERAL

The Central Computer System must have access to
the burst counts and the elapsed-time count of current
burst periods. The burst counts are contained in periodi-
cally stepped burst counters in the output control ele-
ment and represent the burst numbers of current burst
periods. Similarly, the elapsed-time count is produced
by the elapsed-time counter for the GA-FD, BO1, and
BO2 storage sections. As the name implies, it represents
the time that has elapsed since the start of search time
of an associated G/A-FD burst. It should be noted that
elapsed time is a function of G/A-FD, BO1, and BO2
messages only. This is because the required accuracy of
these time-to-go messages is much greater than the ac-
curacy required of G/G, G/A-TD, or TTY messages.
Hence, since these latter three sections do not require
a very accurate measurement of the time that has elapsed
in a burst period, they do not require elapsed-time
counters.

The transfer of the burst and elapsed-time counts
to the Central Computer System is accomplished in the
output computer section of the output control element
upon request by the Central Computer System. In addi-
tion, the output computer section generates various tim-
ing pulses used for controlling numerous operations
throughout the Output System.

3.2 BURST-COUNT SELECTION AND TRANSFER

3.2.1 General

The “selection of burst counts and elapsed-time
counts and their transfer to the Central Computer Sys-
tem is the function of the output computer section. The
contents of each of the four burst counters and the
elapsed-time counter are made available to the Central
Computer System through the sections of the burst-
count selecting counter, the selecting counter decoder,
and the burst-time count switch. (See fig. 2—28.)

3.2.2 Burst-Count Selecting Counter

This circuit controls the read cycle of the burst-
time count. During this cycle, the current contents of
each burst counter and the G/A-FD elapsed-time coun-
ter are transferred to the Central Computer System. A
burst-time count read cycle is initiated upon receipt of
a select-and-read pulse from the Central Computer Sys-
tem. The burst-count selecting counter is then stepped
at the rate of 100,000 pps (every 10 psec), causing suc-
cessive 3-bit binary codes to be generated. Each code

selects a different burst counter and causes the transfer
of the burst counter contents to the Central Computer
System. The elapsed-time count is transferred with the
G/A-FD burst count. After five codes have been pro-
duced, the contents of the four burst counters and
elapsed-time counter are in the Central Computer Sys-
tem (code 011 is unassigned). The burst-time selecting
counter then receives a disconnect pulse from the Cen-
tral Computer System, terminating the burst-time count
read cycle.

The selecting counter control generates the step-

ping and clear pulses used by the selecting counter. A
burst-time count read cycle is begun with the reception
of a select-and-read pulse from the Central Computer
System. As shown in figure 2—29, the select-and-read
pulse sets FF 1, This starts the following sequence of
operations: the 1 side of FF 1 conditions GT 2, passing
an OD 3, which sets FF 2; GT 4 is conditioned and
passes the next OD 1 pulse; each successive OD 1 pulse
is gated through GT 4 as long as FF 2 remains set;
these OD 1 pulses are sent to the selecting counter as
stepping pulses. -
- If (fig. 2—29) either a disconnect signal or select-
ing-counter-equals-eight pulse is applied to the OR cir-
cuit, FF 1 is cleared. Gate 1 is conditioned and the next
OD 3 pulse is passed, clearing FF 2. The 0 side of
FF 2 conditions GT 3 and the succeeding OD 1 pulse
is gated through. All OD 1 pulses passed through GT 3
are sent to the selecting counter as clear pulses.

The selecting counter generates the binary codes
which select the burst counts to be transferred to the
Central Computer System. This circuit is a scale-of-eight
counter composed of three flip-flops. (See fig. 2—30.)

As each burst-count read cycle begins, the counter
is clear; i.e., the binary output is 000. The first stepping
pulse applied to the counter produces an output binary
code of 001. A second stepping pulse changes this to

[ BURST
CENTRAL COUNT SELECTING| BURST
COMPUTER SELECTING COUNTER { COUNT P>

CENTRAL
COMPUTER
SYSTEM COUNTER| |DECODER SWITCH| SOy
OUTPUT
STORAGE
ELEMENT

Figure 2—28. Burst Count Selection and Transfer,
Block Diagram
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Figure 2—29. Selecting Counter Control (3.1.2), Simplified Logic Diagram

010. The third stepping pulse causes the counter to
generate a binary combination of 011. This counting
process continues until the binary output is 111 or, in
other words, the counter is equal to eight. The counter-
equals-eight pulse is sent to the selecting counter con-
trol, thus causing the counter to be cleared. However,
if a disconnect pulse is received by the selecting counter
control prior to the action of the counter-equals-eight
pulse, the counter is cleared at that time.

Although the burst-count selecting counter is a
scale-of-eight, its scale is controlled by the Central Com-
puter System through the action of the disconnect pulse.
The burst-count selecting counter is a scale-of-eight to
produce a binary output for each of the eight possible
storage sections. Since only six storage sections are em-
ployed, which utilize only four burst time counters, it
would be a waste of time to allow the selecting counter
to count to its maximum limit. The Central Computer
System is programmed for the number of burst-time
counters that are employed in the Output System. The
program determines the number of burst counts that
can be received during a burst-time count read cycle.
The Central Computer System then generates a discon-
nect pulse after receiving the number of burst-time
counts desired, which may be one or more. For ex-
ample, there are six storage sections in the output stor-
age element. However, only four burst counters are
utilized since one burst-time counter is shared between
the G/A-FD, BO1, and BO2 storage sections, After four
stepping pulses from the selecting counter control, the
burst-count selecting counter is equal to four, and the
burst count from each of the four burst counters has
been sent to the Central Computer System. The four
stepping pulses have been sent to the Central Computer
System as break-request pulses (fig. 2—30). These pulses
prepare the Central Computer System for the reception
of each burst count and they step a counter in the
Central Computer System for each burst number trans-
ferred. When the counter in the Central Computer Sys-
tem counts the number of burst counts desired, it gen-
erates a disconnect pulse upon reception of the third
break-request pulse. The disconnect pulse causes the
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burst-count selecting counter to be cleared, thus ending
a burst-time count read cycle.

The select-and-read OD 1 pulses (fig. 2—30), which
are coincident in time with the stepping and break-
request pulses, are fed to the burst-time count switch
to cause the transfer of the burst-time and elapsed-time
counts.

3.2.3 Selecting Counter Decoder

The selecting counter decoder receives the 3-bit
binary combination from the burst-count selecting coun- .
ter. For each binary code, a signal to select a particular
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Figure 2—30. Selecting Counter (3.1.2),
Simplified Logic Diagram
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Figure 2—31. Selecting Counter Decoder (3.1.2), Simplified Logic Diagram

burst counter is produced and sent to the burst-time
count switch.

As shown in figure 2—31, the selecting counter
decoder is composed of five 3-way AND circuits. The
three inputs to each AND circuit constitute a different
3-bit binary code. Therefore, for each binary code re-
ceived, an output level is produced by one of the five
AND circuits. However, only four levels are presently
used. They are select-G/A-FD, select-G/A-TD, select-
G/G, and select-TTY.

The first binary combination received by the de-
coder is 000 which causes AND circuit 1 to produce a
select-G/A-FD burst-counter level. This is followed 10
usec later (time OD 1) by binary combination 001 that
causes a select-G/G-burst-counter level to be produced
by AND circuit 2. The third binary code that is re-
ceived during each burst-count read cycle is 010, At the
time of reception of this binary code, AND circuit 3
generates a select-TTY-burst-counter level. The fourth
binary code that is received during the burst-count read
cycle is 011. This causes AND circuit 4 to generate a
level; however, this level has no application and is
considered only for reasons of representing a count of
the selecting counter. The final binary code that is re-
ceived during each burst-count read cycle is 100. At the

time of reception of this binary code, AND circuit 5
generates a select G/A-TD-burst-counter level.

3.2.4 Burst-Time Count Switch

The burst-time count switch contains the current
count of each burst counter and the elapsed-time coun-
ter. It furnishes, through the burst-count readout proc-
ess, the current contents of each burst counter and the
elapsed-time counter to the Central Computer System.
For purposes of discussion, the burst-count switch is
divided into two parts, the burst selector and the com-
puter gates. The burst selector is that part of the burst
selector switch which is connected directly to the burst
counters and elapsed-time counter. The burst selector
is subdivided into four parts: the G/A-FD burst selector,
the G/G burst selector, the G/A-TD burst selector, and
the TTY burst selector. Each burst selector consists of a
row of 2-way AND circuits. (See figs. 2—32 and 2—33.)

The G/A-FD burst selector section contains an ad-
ditional row of four 2-way AND circuits to accommo-
date the elapsed-time count (fig. 2—32).

The first burst counter selected during a burst-
count read cycle is the G/A-FD burst counter. The con-
tents of the G/A-FD-burst-counter level is applied to
the AND circuits. The G/A-FD burst count and the
elapsed-time count are then fed to the computer gate.
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Figure 2—32. G/A-FD Burst Selector of the Burst-Time Count Switch (3.1.2), Simplified Logic Diagram
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Figure 2—-33. G/A-TD, G/G, and TTY Burst Selectors of the Burst-Time Count Switch

The G/G burst counter, the TTY burst counter,
and the G/A-TD burst counters are selected after the
G/A-FD burst counter. Their burst counts are also sent
to the computer gates as they are selected. The com-
puter gates transfer the burst counts and the elapsed-
time count to the Central Computer System.
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As shown in figure 2—34, the bits fed from the
burst selector are applied to a number of OR circuits.
Each OR circuit is fed a corresponding bit from each
burst counter, Since the burst counters are selected in-
dividually, only one of four lines applied to any OR
circuit is up at any one time. The bits of the selected
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Figure 2—34. Computer Gates of the Burst-Time Count Switch (3.1.1-3), Simplified Logic Diagram

burst counter are passed through the OR circuits to
condition their associated gates.

The pulse which gates the burst counts through to
the Central Computer System is the select-and-read-OD
1 pulse. It is coincident with both the stepping pulse
utilized by the burst-count selecting counter and the
break-request pulse sent to the Central Computer Sys-
tem. Each time that this select-and-read-OD 1 pulse is
generated, a different burst count is transferred to the
Central Computer System.

To summarize the selection and transfer process, a
complete burst-count read cycle is discussed below. Dut-
ing the discussion, refer to figures 2—29 and 2—35.

Each burst-count read cycle is begun with the recep-
tion of a select-and-read pulse from the Central Com-
puter System, However, prior to the reception of this
pulse, the three units employed in the selection and -
transfer of the burst counts are in the following
statuses: (1) The burst-count selecting counter is clear;
its binary output is 000. (2) This binary code is ap-
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Burst-Time Count Switch
3.24-33.1

plied to the selecting counter decoder which produces
a select-G/A-FD burst-counter signal. As this signal is
applied to the G/A-FD burst selector section within the
burst-time count switch, the G/A-FD burst count and
the elapsed-time count are fed to the computer gates
which are also within the burst-time count switch.

When the burst-count selecting counter receives a
select-and-read signal from the Central Computer Sys-
tem, it feeds successive OD 1 pulses to the selecting
counter as stepping pulses, to the Central Computer
System as break-request signals, and to the computer
gates as select-and-read-OD 1 signals.

The first OD 1 pulse initiates three operations
which occur simultaneously. It steps the burst-count
selecting counter, thus changing the binary output of
the burst-count selecting counter to 001. Coincident

oDt oDl oDl oDi QDI QDI [o]s]] oDt
I I SELECT AND READ FROM CENTRAL COMPUTER SYSTEM
STEP BURST COUNT SELECTING COUNTER
l SELECT G/A-FD BURST COUNTER
SELECTION COUNTER (000)
‘ I SELECT G/G BURST COUNTER

SELECTION COUNTER (001)

I N R

SELECT TTY BURST COUNTER
SELECTION COUNTER (0i0}

SELECT (UNASSIGNED) | ]

SELECTION COUNTER (Oll) I I

SELECT G/A—TD BURST COUNTER
SELECTION COUNTER (100)

BREAK REQUEST TO CENTRAL COMPUTER SYSTEM

SELECT AND READ OD |

I1 1 [ I M1

DISCONNECT FROM CENTRAL COMPUTER SYSTEM n

CLEAR BURST COUNT SELECTING COUNTER

134

Figure 2—35. Burst Counter Read Cycle,
Timing Chart (Functional Representation)
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with this, the Central Computer System receives a break-
request pulse that prepares it for the reception of a
burst count and also records the fact that one burst
count is read. Simultaneously with these two operations,
the first OD 1 pulse, labeled select-and-read-OD 1,
transfers the G/A-FD burst count and the elapsed-time
count to the Central Computer System.

The binary code 001, which was produced as a
result of the selecting counter being stepped by the
first OD 1 pulse, then causes the select-G/G burst coun-
ter line to be up. This signal is applied to the G/G
burst counter selector section, and the G/G burst count
is fed to the computer gates. .

The second OD 1 pulse, which occurs 10 pusec after
the first pulse, steps the selecting counter to 010, is sent
to the Central Computer System as a break-request
pulse, and gates the G/G burst count to the Central
Computer System. The stepping of the selecting counter
results in the selection of the TTY burst counter. When
the third OD 1 pulse appears, it steps the selecting
counter to 011, is sent to the Central Computer System
as a break-request pulse, and transfers the TTY burst
count to the Central Computer System.

The fourth OD 1 pulse, which occurs 10 psec after
the third pulse, steps the selecting counter to 100 and is
sent to the Central Computer System as a break-request
pulse. However, no transfer of this particular count is
made to the Central Computer because, as stated in
paragraph 3.2.3, this count has no application.

The fifth OD 1 pulse occurs which steps the select-
ing counter to 101; it is sent to the Central Computer
System as a break-request pulse and transfers the G/A-
TD burst count to the Central Computer System,

The fifth break-request pulse also informs the Cen-
tral Computer System that four burst counts have been
read. The Central Computer System then generates a
disconnect signal. This disconnect pulse results in the
clearing of the burst-count selecting counter, thus ter-
minating the burst-time count read cycle.

3.3 PULSE GENERATOR AND PULSE GENERATOR
CONVERSION UNIT

3.3.1 General

The pulse generator and pulse generator conver-
sion unit produce some and distribute all timing pulses
used in the Output System (fig. 2—36). The pulse gen-
erator consists of several individual circuits which con-
trol and distribute all the pulses used in the Output
System. It also contains the circuit which generates the
91-pps pulses. The pulse generator conversion unit is
a circuit which generates 1,300-pps pulses. These pulses
are fed to the pulse generator for distribution and
control. Each of the circuits is described below.
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Figure 2—36. Pulse Generators (3.173), Block Diagram

3.3.2 OD Pulse Distributor

The OD pulse distribution circuit consists of four
gates and four register drivers (fig. 2—37). Each gate
is fed a different OD pulse from the Drum System. The
OD pulses are a series of timing pulses generated within
the Drum System as described in 2.1 of Chapter 2.

The four gates of the OD distribution circuit are
simultaneously conditioned by the enable-OD pulses d-c
level. This level is produced in the test equipment
section and remains up unless an error is detected
during a test operation. The OD pulses are passed
through the gates and register drivers and then dis-
tributed to the output storage element, the output drum
section, the output computer section, and the output
test equipment section.

3.3.3 91-PPS Generator

The 91-pps generator contains a tuning fork oscil-
lator, a Schmitt trigger, and a pulse generator (fig.
2—38). The 91-pps generator tuning fork oscillator is
turned to 364 cps which is a multiple (4th harmonic)
of the desired frequency of 91 pps. The output of the
oscillator is a sine wave which is fed to the Schmitt
trigger. This circuit generates a trigger pulse for each
cycle. These trigger pulses are fed to the pulse genera-
tor which generates pulses at the rate of 364 pps. Two
divider circuits are then used to step down the tuning
fork oscillator frequency. Each divider circuit is com-
posed of a flip-flop and a gate. (See fig. 2—38.) Pulses
occurring at the rate of 364 pps are applied to frequency
divider A as complementing signals. This results in
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Figure 2—37. OD Pulse Distributor (3.1.3),
Simplified Logic Diagram

frequency divider A producing output pulses at the
rate of 182 pps which are then applied to frequency
divider B. The final result is the desired output of 91
pps which is sent to the OD 91 pulse control circuit.
The detailed method by which the frequency is brought
down to 91 pps is as follows: Assume that initially
FF 1 and FF 2 are both cleared (the 0 side up). When
the first 364-pps pulse arrives, it cannot pass GT 1,
since this gate is not conditioned. However, this pulse
will set FF 1, conditioning GT 1. When the second
364-pps pulse atrives, it passes through the now-condi-
tioned GT 1. The pulse cannot pass through GT 2,
since FF 2 is clear at this time, but it does set FF 2,
conditioning GT 2. Also, this second pulse clears FF 1.
The third 364-pps pulse cannot pass GT 1 since FF 1
was cleared by the second 364-pps pulse. However, the
third pulse again sets FF 1. During this time, FF 2
has remained with its 1 side up. Therefore, when the
fourth 364-pps pulse is applied, both gates are condi-
tioned because both flip-flops are set, so the pulse
passes through both gates. At the same time, this fourth
pulse resets both flip-flops to their clear sides which
was the original condition assumed. The action repeats
continuously, one pulse passing GT 2 for every four
pulses applied to GT 1. It follows that the 364-pps
pulses are reduced to 91-pps pulses (14 of 364) at the
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op1 output of GT 2. The following chart summarizes the
o action:
902 o | ouTPUT
oos [ ELERERE
— > 364-PPS
o4 PULSE NO. GT 1 FF 1 GT 2 FF 2
7
. obl Original State 0 0
2!y 6T —{RD > 1 1
2 Pulse 0 1
3 1 1
002 I3 l—»{ rRD o0z oUTPUT DRUM 4 Pulse 0 Pulse 0
ECTION
SORuM, L COMPUTER
T2 Ay oN. 3.3.4 OD 91 Pulse Control Circuit
oD3 003 ESReTen The OD 91 control circuit (fig. 2—38) controls
== GT —#1 RD > .. . . . .
the synchronizing of the 91-pps signals with OD timing
pulses. The 91-pps signals, when synchronized with OD
pulses, are referred to as OD 91 pulses. Means are
04uleT Il RD P4y provided to control the generation of the pulses in the
N / OD 91 control citcuit.
The 91-pps pulses are fed to GT 3 which is condi-
tioned by a d-c level (enable-OD pulses) from the test
EQUIEMENT —ENABLE equipment section. The enable-OD-pulses level remains
SECTION ~ OD PULSES . . ;.
(3..4) up during normal operating conditions and may be

brought down only during unit loop test. During nor-
mal operation, the 91-pps pulses then pass through a
series of logica: circuits, are synchronized with
OD 4 + 0.4 timing pulses, and produce output pulses
at GT 4 occurring at the rate of 91 pps (OD 4
+ 0.4-91). That is, the output pulses are OD 4 4 0.4
pulses occurring at the rate of 91 pps. The logical cir-
cuit consists of FF 3 and GT 4. The 91-pps generator
produces pulses at a rate of 91 pps. A pulse is applied
to the 1 side of FF 3 which brings its 1 side up. This
conditions GT 4 which passes an OD 4 + 0.4 pulse.
However, before the next OD 4 + 0.4 pulse is applied
to GT 4, the clear pulse at time OD 2—91 clears FF 3,
deconditioning GT 4. An OD 4 4-0.4 pulse will not be
passed through GT 4 until the next 91-pps pulse ar-
rives to condition GT 4. Hence, it follows that GT 4
passes OD 4 | 0.4 pulses at the rate of 91 pps. These
pulses are called OD 4 4 0.4—91 pulses.

3.3.5 OD 91 Pulse Generator
The TTY output storage element requires controll-
ing pulses occurring at the rate of 91 pps. It is further
required that these pulses be provided in three groups:
a. 91 pps synchronized to occur at OD 2 time
(OD 2-91).
b. 91 pps synchronized to occur at OD 3 time
(OD 3-91).
c. 91 pps synchronized to occur at OD 4 time
(OD 4-91).
The above pulses are synchronized in the OD 91 pulse
generator (fig. 2—-38).
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Figure 2—38. 91-PPS Generator, OD 91 Control, and OD 91 Pulse Generators (3.1.3),
Simplified Logic Diagram

Each OD 4 + 0.4—91 pulse is applied to the OD
91 pulse-stop flip-flop (FF 4), causing a level to be
generated which conditions a series of gates. The result
is the generation of the desired OD 2—91, OD 3—91,
and OD 4-91 pulses. Every OD 2-91 pulse is sent
back to the OD 91 pulse control circuit as a clear
pulse, as described before. The OD 4—91 pulse clears
the pulse-stop flip-flop so that only one series of OD
pulses will pass through the gates for each start-OD 91
pulse applied to FF 3. Synchronized OD 2-91 and
OD 3—91 pulses are fed to the output storage element.

3.3.6 1,300-PPS Generator

The 1,300-pps generator makes up the pulse genera-
tor conversion unit and consists basically of a tuning
fork oscillator, a zero detector, and a flip-flop. (See fig.
2—39.) The tuning fork oscillator also feeds 1,300 cps
to the output storage section which uses this signal as
a continuous 1,300-cps timing signal. (Refer to Part 4.)

The output of the tuning fork oscillator is a con-
tinuous 1,300-cps sine wave. This signal is fed to a data
conversion receiver (DCR) which functions in this cir-
cuit as a zero detector. Under this condition, the zero
detector provides a pulse every time the sine wave
passes through zero degrees in a negative-going direc-
tion, Hence, it provides continuous pulses at 1,300 pps.

These pulses are applied to the 1 side of FF 1. The
flip-flop converts the negative pulses from the zero de-
tector to the standard positive level required to condi-
tion GT 1. Flip-flop 1 is reset by an OD 2—13 pulse
from the OR circuit as described in 3.3.7. The flip-
flop can also be cleared by the reset flip-flops or start
pulse at the OR circuit. This is done when power is
first supplied to the system or when a test is started.

3.3.7 OD 13 Pulse Control Circuit
The OD 13 control circuit (fig. 2—39) functions
similarly to the OD 91 control circuit described in 3.3.4.
The OD 13 control circuit controls the synchronizing
of the 1,300-pps signals with OD timing pulses.

The 1,300-pps pulses cause GT 1 to be conditioned
by FF 1 at a rate of 1,300 times per second. A gated
OD 4 + 0.4 pulse is applied to this gate. The gated
OD 4 -+ 0.4 pulse is present as long as GT 2 is condi-
tioned by the enable-OD-pulses level, which is the case
during all normal operations. The enable OD pulse
may be brought down only during a unit loop test.

The OD 4 4 0.4 pulse is passed by GT 1 only when
the gate is conditioned. Since the OD 2—13 clear pulse
resets FF 1 after an OD 4 4 0.4 pulse is passed by
GT 1, this gate does not pass another OD 4 | 0.4 pulse
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until FF 1 is again set by the 1,300-pps signal. Since 3.3.8 OD 13 Pulse Generator
this action takes place at a rate of 1,300 times .per
second, GT 1 passes OD 4 -} 0.4 pulses at a rate of
1,300 pps. These pulses are called OD 4 4 0.4—13

By comparing figures 2—38 and 2—39, it can be
seen that the OD 13 pulse generator operates similarly

pulses. to the OD 91 pulse generator described in 3.3.5.
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Figure 2—39. 1,300-PPS Generator, OD 13 Control, and OD 13 Pulse Generator (3.1.3),
Simplified Logic Diagram

0D 2+0.8
PARITY ooD I
REGISTER __ PARITY 0K _lnp | [DELAY 0D 2+1.2 _ READIN c'ON)TROL
AND | "] 0.4USEC PARITY OK > (3.1.1-3
ORIVER ‘ ' DELAYED
OUTPUT CONTROL
FROM RESET FF " Gan
FIG. 2-42 »
BURST COUNTERS
[} ’ (3.1.2)
(004 DELAY 0D 4+04 _ _
0.4USEC » READ IN
CONTROL
. (3..1-3)
y HALF -WRITE
| cﬁisrgn GE‘&ERENT
- | .I ;I o RATOR
OR RD GENERATOR o = (314-3)
' FLIP—FLOP
0D4 AND
0D PULSE 0D I+1 DI+
DISTRIBUTOR
TEST PARITY
00 | DD DELAY DELAY DELAY DELAY oD 1+1.9 - GENERATOR
0.5USEC 0.5USEC 0.4USEC 0.5USEC > (3.11-2)
COMPLETED
MESSAGE
SHIFT
oD 3 | oD DELAY/| CLEAR _ 0D 3404{3.22) _  REGISTER
-~ 0.4USEC | »> IN THE 6/G
(32.5) AND G/A-TD
=g STORAGE SECTIONS

Figure 2—40. OD Delay (3.1.3), Simplified Logic Diagram
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3.3.9 OD Delay

In order to perform their functions in proper se-

quence, sections of the output control and output stor-
~age elements require pulses that occur between OD
pulses. These delays are essential to the output control
element where the delayed pulses initiate, in correct
sequence, the parity count and certain read-in opera-
tions. A delayed pulse is also required for proper oper-
ation of the completed message shift register in the
G/G and G/A-TD storage sections. These delayed pulses
are produced by passing the OD pulses through delay
circuits and their associated delay drivers (fig. 2—40).
The delayed pulses are then distributed to the test parity
generator, the half-write current generator, the read-in
control, and the pulse generators, all of which are lo-
cated in the output control element, and to the com-
pleted message shift register in the output storage
element.

3.3.10 32-PPS Synchronizer

The elapsed-time counter in the G/A-FD storage
section of the output storage element is employed to
record time in steps of 1/32 second and must therefore
be stepped at the rate of 32 pps. This stepping pulse is
applied to the elapsed-time counter by the 32-pps syn-
chronizer. (See fig. 2—41.) A 32-pps signal from the
Central Computer System is synchronized with OD
pulses, and the resulting step-elapsed-time-counter pulse
(OD 2-32) is fed to the G/A-FD elapsed-time counter.

3.3.11 Reset Flip-Flop, Reset and Prime, and
Clear-Alarms Pulse Generators

Prior to and following each test operation, reset
flip-flop and reset-and-prime pulses are applied to the
output storage element, and to other circuits of the Out-
put System. These pulses are produced as shown in
figure 2—42. The generation of these pulses is con-
trolled by either of two pushbuttons, one located in
the test equipment section and the other at the main-
tenance console of the Central Computer System. The
reset flip-flop levels thus produced trigger the respective
pulse generators which produce a reset flip-flop pulse.
This pulse is sent to the output storage element, the
output control element, the test equipment section, the
right flip-flops, the set pulse flip-flop, the burst-time
counter, and the 1,300-pps generator. It is also applied
to a series of flip-flops and gates whose output is the
reset-and-prime pulse which is sent to the output stor-
age element and test equipment section.

A reset flip-flop pulse is also produced by the vac-
cuum tube relay driver (VRD) and its associated pulse
generator. The VRD operates a relay which causes the
pulse generator to produce a pulse when the power to
the system is turned on. This ensures that the flip-flops
are cleared at the start of operation. Provision is made

3-12-0

Reset Drum Status Bit Generator
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at the maintenance console for clearing output alarm
indications at the alarm display.

3.3.12 Reset Drum Status Bit Generator

The reset drum status bit generator circuit shown
in figure 2—43 is used during a test operation to re-
store drum status bits onto the drum status channels
of the three OB drum fields, thereby causing data in-
formation stored on the drums to be retained following
a drum readout cycle. This function is particalarly
desirable for testing the Output System in that a pro-
gram is stored and retained on the drums where it
can be read out repeatedly, without the intetrvention of
the Central Computer, to test individual storage sections
of the Output System.

This test function is accomplished by activating the
NO COMPARE TO DRUMS switch to energize relay
K1 shown in figure 2—43. Following a drum readout
cycle of the three OB drum fields, and at the comple-
tion of the G/A-TD burst counter cycle, a burst time
carry (BTC) pulse (OD 4) is generated to set the
reset drum status bit flip-flop. This BTC pulse is gener-
ated at the completion of the G/A-TD burst time
counter cycle or every 23 seconds (256 x 90 ms). Since
the G/A-TD BTC cycle is longer than the BTC cycles
of the other storage sections, a complete search of the
drums occurs in the 23-seconds cycle. All words will
have been read; therefore, all the drum status bits will
be in the zero state.

The reset drum status bit flip-flop, when set by a
BTC pulse, remains in this state for a period of 60 ms.
In turn, a gating level is applied to GT 1 which is
normally strobed by OD 1 + 1.9 pulses. The latter are
passed by the conditioned gate for 60 ms and routed
through the closed contact points of energized relay
K1 as no-compare pulses to the Drum System, Sufficient
time is provided, therefore, to allow the reset drum
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Figure 2—41. 32-PPS Synchronizer (3.1.2),
Simplified Logic Diagram
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Fig. 2-42

status bit generator to write 1’s in the status channels
associated with the three drum fields of the OB drum
(20 ms per field). This causes the drum test data to
be retained on the drums in preparation for a subse-
quent drum readout cycle and without further intetrven-
tion from the Central Computer.

In general, programs used for this particular test
function are written so that a burst-time count equal
to zero is never included in the program. Accordingly,
the generation of a non-search alarm is prevented. In
addition, prior to the test function and loading of a
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program on the drums, the OB drums should be erased
and placed in a COMPUTER TEST mode. Following
the loading of the program on the drums, the drums
are placed in the OPERATE mode. This action prevents
the drum status channels from being restored to the
1 state while a program is being loaded on the drums.
If the program does not fill all available drum addresses,
all zero words will be sent to the Output System. This
will cause a drum parity alarm and an illegal section
alarm which should be disregarded for the purposes of
this type of test.
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F:gure 2—42. Reset Flip-Flop, Reset-and-Prime, and Clear-Alarms Pulse Generators (3.1.3),
Simplified Logic Diagram
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CHAPTER 4
OUTPUT ALARM SECTION

4.1 INTRODUCTION

It is necessary to install certain alarms in the Out-
put System to indicate to maintenance personnel the na-
ture of errors which may develop within the system. It
is the function of the output alarm section to store the
status of the alarms and to display their status by means
of neon indicators. The alarms which are provided are
the nonsearch comparison, G/A-FD, G/G, G/A-TD,
BO2, BO1, TTY, parity-NG, illegal address, illegal sec-
tion, and lost parity.

The output alarm system displays other conditions,
as shown in figure 2—44. The contents of the output
drum section flip-flop register, some of the OD pulses
distributed by the output computer section, and the
various test pulses are also displayed by neon indica-
tors. Besides this, indicator lamps are included to display
certain test operations.

The nonsearch comparison alarm is generated when
a word on the OB drum is read into the flip-flop

register with the proper burst number for the section
to which it is addressed; but the word arrives during
the nonsearch period of the current burst. In this case,
conditions are such that this word can never be ac-
cepted from the drum because the nonsearch period is
the last part of any given burst period and the burst
number changes before another search period can occur.
Thus, the word will be lost (erased).

The G/A-FD, BO1, or BO2 alarm occurs whenever
the respective storage section parity is bad or when the
number of words read into the array does not agree
with the number of busy bits read out of the array. The
G/A-TD, G/G, or TTY alarm is generated when its
storage parity is bad. The parity NG alarm is generated
when the parity of the word received in the OB register
is bad. The illegal address or illegal section alarm oc-
curs when the storage register address or the section
address contained in the left half-word of the OB
register has not been assigned to an actual section or
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Figure 2—44. Output Alarm Section, Block Diagram

65



PARITY REGISTER

NON RESET ON ERROR OR NOT ERROR o, \ND DRIVER (3.1.1)
K2 | NORMALLY ¥i0V
STOP TO DRUMS
NORMALLY -30V SET OUTPUT ALARM FF _ CENTRAL
> CoMPUTER
sToP "
GT >
* o) T DRUM
| j‘ SYSTEM
MAINT. CONSOLE OR No
e — | OR lCOMPARE .
|| l |
| [3u-3] |
0 0
TEST EQUIPMENT __—48Y_COMPU-
(3.1.4) TER LOOP TEST OR FF FF FF VRD|  no comirare
) 1 (3.1.1)
PULSE GENERATOR _CLEAR
(3.13) ALARMS OUTPUT_ALARM MAINT
G/A-TD STORAGE ~ G/A-TD | - RELAY CONTROL CONSOLE
SECTION {3.2.5) ALARM STORAGE
PARITY
2?3‘5‘5&{ - € e
SECTION ol
e 802 ALARM | - :
- & OR
A | -
OR ! 1 3
7] [o ) i1 [o I ) | I 0 I 0 i
FF=-1 FF-2 FF-3 FF-4 FF-5 FF-6 FF-7 FF-8
| A | T A | 1
ALARM SECTION _LOST PARITY ALARM
(3.1.1-2)
PARITY GATES PARITY NG o DRUM PARITY
(3.1.1) = ALARM
SECTION DECODER _ILLEGAL SECTION OR # SECTION
(310 ADDRESS
ADDRESS DECODER _ILLEGAL ADDRESS A ALARM
(3.11) >
G/A-FD STORAGE _G/A-FD ALARM . PARITY TO
SECTION (3.2.1) = ALARM cC
6/G STORAGE 6/G ALARM o PARITY
SECTION (3.2.2) > ALARM
TTY STORAGE TTY ALARM o PARITY
SECTION (3.2.3) > = ALARM
READ-IN CONTROL _NON SEARCH ALARM w NON SEARCH
(3.1.1-3) o © ALARM

Figure 2—45. Output Alarm Control (3.1.1-2), Simplified Logic Diagram

S

¥ H)

G- 814

0-CL-¢

¢ 14vd



PART 2
CH 4
register within the Output System. The lost parity alarm

is generated when a parity check on the word in the
OB register is not initiated or completed.

The output alarm section is broken down into two
parts: the alarm control and the alarm display. (See
fig. 2—44.)

4.2 ALARM CONTROL

The statuses of the various alarms are stored within
the alarm control. (See fig. 2—45.) One flip-flop is
provided for each alarm. The 1-side indicator neon
of each flip-flop is located in the alarm display unit.

The 1 outputs of all the alarm flip-flops are sent
through an OR circuit to a VRD, the relay of which
continually sends to the maintenance console in the
Central Computer System indication of whether there
is an output alarm. These two signals activate indica-
tor lights on the maintenance console. The 0 sides of
the illegal address, illegal section, parity NG, and lost
parity alarm flip-flops are fed to an AND circuit. The
output of this AND circuit feeds one leg of a 2-way
OR circuit. The other leg of the OR circuit is connected
to either 410V or —30V, depending on the status of
the STOP TO DRUMS relay. In normal operation, this
relay will be de-energized, thus supplying 10V
through its N/C contacts to the OR circuit, Therefore,
the output of the OR circuit generates a NOT ERROR
level; that is, always 10V during normal operation.
This level is used to condition a gate tube in the OB
register reset control circuitry. When the gate tube is
conditioned, the resetting of various flip-flops in the
Output System, in addition to the OB register flip-flops,
is effected in the normal manner. It is sometimes desired,
during computer loop test, to have the operation of
the Output System halt, when an error is incurred, and
to inhibit the resetting of the various flip-flops, par-
ticularly the OB register flip-flops. Thus, the word that
caused the error is retained in the register for exami-
nation. This is accomplished by the STOP TO DRUMS
switch on the duplex maintenance console which con-
trols the STOP TO DRUMS relay mentioned previously.
When the switch is activated, —48V is supplied from
the test circuitry through the switch to energize the
STOP TO DRUMS relay. With the relay energized,
—30V is fed to one leg of the OR circuits which supply
the NOT ERROR level. Therefore, the NOT ERROR
level will now be dependent upon the status of the
illegal address, illegal section, parity NG, and lost par-
ity alarm flip-flops, If one of these flip-flops is set as
a result of an error, no level (NOT ERROR) will be
present at the gate, deconditioning the gate tube which
passes the reset pulse. Therefore, the contents of the
OB register may be examined to determine the cause
of the error.

3-72-0

Alarm Control
4.1-4.3

The parity-NG, illegal-address, illegal-section, and
lost-parity pulses are also fed through an OR circuit to
a gate. When this gate is conditioned by a stop-to-drums
signal from the test equipment section, a stop pulse is
transmitted to the Drum System and to the read-in
control unit. When an error occurs here, the stop pulse
or a no-compare pulse passes through an OR circuit
and goes to the Drum System. The purpose of the stop
pulse during the test procedure is to inhibit the transfer
of data from the OB drum to the Output System, to
prevent the erroneous word in the drum register from
being erased, and to hold the operation of the Output
System so that the error can be examined.

The alarm pulses from the various sections also
cause a set-output-alarm-synchronizing flip-flop signal
to be sent to the Central Computer System. This flip-
flop is used by the Central Computer System to sense
an output alarm. The alarm pulses from the various
sections also go to a group of OR circuits, An output

_ parity alarm is generated if parity does not check out

in any of the six output sections. A nonsearch alarm,
drum parity alarm, or a section or register alarm is
generated if any of these conditions do not check out.
These alarms are used in the Central Computer System.

4.3 ALARM DISPLAY

The purpose of the alarm display is to indicate to
maintenance personnel any malfunctioning of the Out-
put System. The alarm displays (fig. 2—46) are on the
indicator and test control panel located on the test door
on the back of output control unit 42. Neon indicators
on the panel indicate the statuses of the OQutput System
alarms. Neon indicators are also provided for various reg-
isters within the Output System. Among the quantities
represented in the alarm display are the contents of the
drum word flip-flop register and certain of the timing
pulses. Also represented in the alarm display of neons
and lamps are various control functions used in testing
the Output System.

INDICATING LAMP

)
2 48 VOLT RETURN
Z/

"1" NEON (ON DISPLAY PANEL)

-0 — AN/ \— +I50v
R

NEON DISPLAY

r==="
FF

"0" NEON

4
(]

(ON RESISTOR BOARD)

Figure 2—46. Alarm Display (3.1.1-2),
Simplified Block Diagram
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Note in figure 2—46 that there are two neon tubes
associated with each display. Only the 1 neon is on the
display panel and is read. If it is on, it indicates a 1
bit; if it is off,. it indicates a 0 bit. The other neon is
used to cut off the firing of the 1 neon when the 0 side
of the flip-flop is up (4-10V) since, at this time, the
1 side is down (—30V). In order to cut off the firing
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of the 1 neon when the 1 side is down (—30V), the 0
neon is included. This neon fires when the 1 side is
down and effectively shorts out the voltage across the
1 neon. If the 0 neon were not included, a rather com-
plex circuit would be necessary to cut off the firing of
the 1 neon when the 1 side of the flip-flop goes from up
to down.
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PART 3
OUTPUT STORAGE ELEMENT

CHAPTER 1
INTRODUCTION

1.1 GENERAL

Data processed by an AN/FSQ-7 Combat Direction
Central is made available to associated components of
the Air Defense Command sector through the Output
System and commercial telephone line facilities. Infor-
mation enters the Output System from the Drum System
at a relatively high rate of speed. By temporarily stor-
ing this information, the output storage section of the
Output System slows down the rate of transmission to
a frequency that is compatible with commercial tele-
phone line equipment.

Output data is classified into six general categor-
ies: ground-to-air frequency division (G/A-FD), BO-
MARC 1 (BO1), BOMARC 2 (BO2), ground-to-air
time division (G/A-TD), ground-to-ground (G/G), and
teletype (TTY). G/A-FD and G/A-TD data is utilized
by airborne interceptors; BOMARC data is used in
conjunction with unmanned interceptors; G/G data is
intended for adjacent centrals, higher headquarters, and
height-finder radars. Among the possible uses for TTY
data are crosstelling to nonmechanized adjacent sectors,
crosstelling to higher headquarters, and the feeding of
early-warning data directly to antiaircraft gun bat-
teries.

The output storage element is divided into six sec-
tions to accommodate the six general categories of
output data now being used. (See fig. 3—1.) Provision
is made, however, for possible future expansion of the
output storage element to eight sections.

All information enters the output storage section
through the output control element after being checked
for accuracy and proper sequence. The output control
element accepts words from the output buffer drum at
10-psec intervals. However, the words are distributed on
the drum fields so that the smallest interval between
successive words entering a storage section is 20 psec.
This provides ample time for a storage section to store
a word and prepare for the next incoming word.

Each storage section has its own timing and control
circuits (G/A-FD, BO1, and BO2 sections share their

circuits) which enable it to accept words and transmit
messages independently of the other sections. Syn-
chronism with the Drum System and the output control
element is achieved by using the OD drum timing
pulses.

1.2 BURSTS

Each storage section can store and then transmit
more than one message simultaneously. The simultane-
ous transmission of all messages stored in a storage
section is called a burst. The six storage sections differ
in the number of messages that can be stored at one
time. Therefore, the burst size of each of these sections
differs. The size of each burst for each section is as
follows:

OUTPUT
WORDS  BITS PER
OUTPUT  NO. OF PER OUTPUT
MESSAGE  MESSAGES MESSAGE ~ WORD
G/A-FD 2 13 18
BO1 2 13 18
BO2 2 13 18
G/A-TD 3 4 17
G/G 5 5 17
TTY 25 1 18

An output word consists of a right half-word, a storage
parity bit, and, in some cases, additional 1 bits called
busy bits. Drum words containing the right half-words
of messages to be transmitted during a burst are as-
signed the same burst number by the Central Computer
System. This enables the Output System to identify the
drum words for a particular burst and to ensure that
only those words are accepted from the output buffer
(OB) drum and subsequently transmitted during the
associated burst period.
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1.3 BURST PERIOD

The interval during which an Output System stor-
age section receives all messages of a specific burst and
then transfers the burst to transmission equipment is
a burst period. The burst periods of each of the six
Output System storage sections are of different dura-
tion and occur successively. The length of each burst
period is as follows:

STORAGE SECTION BURST PERIOD

3-12-0
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Each burst period is composed of search time and
readout time. Search time is the only portion of a burst
period during which the Output System storage section
can receive the output words of a burst from the OB
drum. Readout time is the interval during which the
burst is transferred to transmission equipment. Since
drum words containing the right half-words of a burst
are written at random on the three OB fields, some
drum words of a specific burst may be stored on each
of these fields. To ensure that all drum words of the
burst are read during search time, the minimum search
interval is made equal to the amount of time required
to read all three OB fields. This search interval is de-

G/A-FD 0.25 sec
BO termined as follows: 6,108 drum word registers (2,036
_ 1 025  sec per field) times 10 psec (interval between successive
BO2 0.25 sec dn.xm .reglsters) plus 360 psec (12? usec per field for
switching) equals 61.4 ms. Allowing for drum speed
GA/-TD 0.090 sec variations, search time for each burst period, except
G/G for G/A-TD, is set at approximately 65 ms. The search
/ 0.070 sec interval is approximately the same for five of the six
TTY 0.495 sec stotage. sections. The search interval for G/A-TD is
approximately 86.2 ms.
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Figure 3—1. Output Storage Element, Block Diagram




PART 3
CH 2

3-712-0

Operation (G/A-FD, BOMARC)
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CHAPTER 2

GROUND-TO-AIR FREQUENCY DIVISION, BOMARC 1, AND
BOMARC 2 STORAGE SECTIONS

2.1 GENERAL

This chapter contains information pertinent to the
functional operation of the G/A-FD, BO1, and BO2
storage sections. Since these storage sections are identi-
cal physically and functionally, it suffices to present
only a discussion on the theory of operation of the
G/A-FD storage section. All information presented
concerning the G/A-FD storage section is also appli-
cable to the BO1 and BO2 storage sections.

The G/A-FD, BO1, and BO2 storage sections re-
ceive output words in parallel form from the output
control element and assemble these words into mes-
sages in serial, interleaved form for transmission over
telephone data channels to data-link transmitters. The
data-link transmitters relay the G/A-FD messages to
manned airborne interceptors and the BOMARC mes-
sages to unmanned interceptors (missiles). Each G/A-
FD output word transmitted constitutes one interceptor
message; that is, a message on which the aircraft takes
action. Each G/A-FD data-link transmitter operates on
a particular frequency which is received only by some
of the aircraft within a particular area. Only those air-
craft prepared to receive information on the particular
frequency take action.

2.2 OPERATION (G/A-FD, BOMARC)

A simplified diagram of the G/A-FD storage sec-
tion which is also representative of the BOMARC stor-
age sections is shown in figure 3—2. As depicted in
this diagram, the G/A-FD storage section is logically
divided into the following areas:

a. Storage. The storage circuits store the two G/A-

FD messages prior to their being sent to the
readout circuits.

b. Control. The control circuits initiate and control
all operations of the G/A-FD output storage
section.

c. Readout. The readout circuits prepare the mes-
sages for transmission to the conversion circuits.

d. Burst counting and compare. The burst count-
ing and compare circuits check the drum word
in the output control element to ensure the
correct sequence of message transmission.

e. Message check. The message check circuits check
the transmitted messages for errors.

f. Conversion. The conversion circuits modify the
G/A-FD messages to gated 1,300-cycle sine waves
for transmission over the telephone data chan-
nels.

g Switching. The switching circuits are used to
perform test functions. They are also used to
switch output storage data from the telephone
lines to the test equipment section.

The operation of the G/A-FD storage section is
repetitive; that is, it completes its sequence of opera-
tions and then repeats these same operations as long as
the system is in operation, One complete cycle of opera-
tions of the storage section is called a burst period. The
burst period is divided into two functional intervals
called search time and readout time. The division of
the burst period into these two intervals is accomplished
by the action of the control circuits, These circuits,
shared by both storage sections, are represented as the
13 counter, 25 counter, and G/A-FD control. In addi-
tion, these circuits also control the functions of the
storage section during each separate interval.

2.2.1 Counter Operation
In order for the counters to control the operation
of the output storage section and perform the timing
functions specified in the following paragraphs, the
13 counter and the 25 counter are operated as follows:

a. The 13 counter is shifted at a 1,300-pps rate by
timing pulses received from the output control
element. For every 13th shift of the 13 counter,
a 13-counter-carry pulse is generated. These
pulses are used to shift the 25 counter, The 25
counter is therefore shifted every 13/1300 or
1/100 second.

b. The 25 counter repeats its counting cycle after it
has been shifted 25 times; that is, every 25/100
second. During this interval, a complete opera-
tional cycle of the G/A-FD output storage sec-
tion occurs and is known as a G/A-FD burst
period. Therefore, the G/A-FD burst period is
0.25 second long. '

2,2.2 Search Time
Search time is the interval during which output
words are accepted for storage by the storage section.

n



L

G/A-FD OR BOMARC | OUTPUT OUTPUT
(" "SLOT SIGNALS I MESSAGE CHECK CONTROL CONTROL
| ELEMENT ELEMENT
| y A
G/A-FD OR ’ STORAGE
< BOMARC ALARMS | PARITY TINING TEST
I CHECKING (1300 DATA
3.2.6 cPS)
| —%
l_ STORAGE l r READ-OUT l | I r l
i | T e
CORE OUTPUT SYNC, TEST AND I
STORAGE DATA FLUX DATA SHIFT CONVERSION Tler?Es [E)UPLEX TELEPHONE
REGISTER ARRAY } AMPLIFIERSI— + # EQUIPMENT o - TERMINAL
ADDRESS 3.2.6 REGISTERS DATA I 3.2.6 | SWITCHING EQUIPMENT
OUTPUT 3.2.6 e 3.2.6 > - & 3.2.6 ’
£
l_ A l_ oureur A l CONVERSION L SWITCHING
CLEAR COLUMN
BURST COUNTING CONTROL
AND COMPARE
25 COUNTER=I?9 ST 25 COUNTER|!3 COUNTER I3 GOUNTER G/A-FD
3.2.1 " CARRY 3.2.1 SYNC
~_ COMPARE BURST A
< COUNTER 25 COUNTER
AND TIMING
ASSIGNED  COMPARE PULSES 1300
ASSIGNED | o, PPS
) BURST 3.1.2 y
A NUMBER
TRELS i )
ELAPSED | - >
CoupoTER S2PES »| TIME CLEAR
SYSTEM COUNTER
312 ouTPUT
0]
CONTROL
'y >ELEMENT
ELAPSED TIME COUNT o
1300 PPS >
OUTPUT
CONTROL
ELEMENT

Figure 3—2. G/A-FD or BOMARC Output Storage Section (3.2.1, 3.2.6), Block Diagram

-t 3y

0-ZL-¢

tH
£ Luvd



PART 3
CH 2

The duration of search time is 65 ms and is so chosen
to allow sufficient time to examine each register in the
OB fields for words to be transferred to the core
storage array.

The 25 counter controls the start and end of search
time, Search time starts at the time of the 19th shift of
the 25 counter, called 25-counter-19 time. At this time,

a 25-counter-19 pulse is generated, which shifts the

burst counter, clears the elapsed-time counter, and, to-
gether with the G/A-FD control, supplies a search level
to the output control element to indicate that it is ready
to receive output words for a new burst.

During search time, every word present on the OB
drum is examined both in the output control element
and in the burst counting and compare circuits of all
storage sections. The output control element determines
in which storage section the word is to be entered. It
also determines if there are any errors in the word.
If the word is correct and is assigned to the G/A-FD
section, and if the assigned burst number of the word
compares with the present contents of the G/A-FD burst
counter, the word is accepted and read into the storage
array.

The accepted output words, each of which consists
of a right half-word and a storage parity bit, are assem-
bled in the G/A-FD core storage array in two slots, each
composed of 13 core registers, The information con-
tained in the two slots at the completion of search
time makes up the two G/A-FD messages.

Search time continues until the 25th shift of the
25 counter. At this time, called 25-counter-25 time, the
25 counter generates a 25-counter-carry pulse. This pulse
causes a sync pulse to be generated by the 13 counter,
and also causes the G/A-FD control to raise the not-
search level, thereby ending search time. The 25 counter
now repeats its operational cycle. The time of the next
shift of the 25 counter is called 25-counter-1 time. At
this time, the 25 counter generates an output pulse called
a clear-column-1 pulse; this pulse starts the interval of
the burst period called readout time.

2.2.3 Readout Time

Readout time is the interval between 25-counter-1
time and 25-counter-18 time; in other words, the inter-
val between 25-counter-equals-1 and 25-counter-equals-
18. During this interval, output words previously as-
sembled in the core storage array are transmitted out
over the telephone data channels. Readout is accom-
plished as follows. When the 25 counter is shifted by
the 13 counter at 25-counter-1 time, a clear-column-1
pulse is generated by the 25-counter. This pulse is sent
to the core storage array where it serves to send all
information contained in the first column of cores
through the flux amplifiers (FA’s) and into the output
shift registers (OSR’s).

3-12-0

Readout Time
222-23.1

In the interval between 25-counter-1 time and 25-
counter-2 time, the 13 counter is shifted 13 times. Simul-
taneously with each shift of the 13 counter, one bit of
each of the two G/A-FD messages contained in the
OSR’s is sent to both the storage parity check circuit
and the conversion circuits. At the storage parity check
circuit, the data is entered and later examined for er-
rors. If an error is found, a G/A-FD alarm is sent to
the alarm generator in the output element. At the
conversion circuits, the data is made compatible for trans-
mission by the telephone data channels. From the con-
version circuits, the modified data is sent through the
switching circuits out onto the telephone data channels.
At the end of the 13-counter cycle, the OSR’s are empty
and the first bit of each word of the two G/A-FD mes-
sages has been sent out serially over two telephone data
channels, one message to each data channel.

When the 13 counter is shifted for the 13th time
following 25-counter-1 time, thus ending a 13-counter
cycle, a 13-counter-carry pulse is generated which shifts
the 25 counter. At this time, 25-counter-2 time, the 25
counter generates a clear-column-2 pulse. This pulse is
sent to the core storage array where it serves to send the
information contained in the second column of cores
through the FA’s and into the OSR’s. This information
is sent out over the telephone data lines in the same
manner as the information from the first column of cores.

Readout continues as explained above until 25-
counter-19 time. During this interval, all information
contained in the columns of the core storage array is
read out by the clear-column pulses. These clear-column
pulses are generated each time that the 25 counter is
shifted during the interval from 25-counter-1 time to
25-counter-18 time, At 25-counter-equals-19, the core at-
ray is completely clear and search time begins.

In the following paragraphs, the detailed operatiori
of the various circuits of the G/A-FD output storage
section as shown in figure 3—2 is discussed.

2.3 STORAGE (G/A-FD, BOMARC)
2.3.1 Core Storage Array

A core array is employed as the storage unit within
the G/A-FD storage section. This core array is divided
into two slots, each slot having the capacity to store one
G/A-FD message. The array consists of 26 core regis-
ters, each register containing 18 cores. As shown in
figure 3—3, a vertical line of cores is referred to as a
column. It should be noted that figure 3—3 shows only
one slot of the core array and, although only 13 regis-
ters are shown in this slot, there are 26 registers in the
complete array.

Each core in the array has four separate windings.
Three of these feed pulses into the core; the remaining

13
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Figure 3—3. G/A-FD and BOMARC Core Storage Arrays (3.2.1, 3.2.6), Slot 1, Simplified Logic Diagram
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winding is an array output winding known as the sense
winding. (See fig. 3—4.)

The two input lines labeled half-write register ad-
dress and half-write message, respectively, are used to
write information bits into the cores. Each current pulse
impressed upon one of these lines is equal in amplitude
to a pulse carried on the other. A half-write message
pulse or a half-write register address pulse, when ap-
plied separately to a core, has no effect upon the gate
of that core. However, when both pulses are simulta-
neously applied to a core, the combined amplitudes set
the core to the 1 state.

When a readout current pulse is applied to the
third winding, labeled clear column N, the information
contained in the cores is transferred to the sense wind-
ing which is labeled array output.

2.3.2 Core Array Read-In

Each core register in the array has the capacity to
store an output word containing 18 bits. The output
word is formed in the following manner. Eighteen bits
(a right half-word, its associated parity bit, and a busy
bit) are sent to the core array from the output control
element. They are received over the 18 half-write mes-
sage lines. (See fig. 3—3,B.) The busy bit is applied to
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column 1, the 16-bit right half-word is fed to columns
2 through 17 in the order shown, and the parity bit is
applied to column 18. However, for a BOMARC word,
the busy bit is applied to column 1, and the right half-
word is fed to columns 2 through 18 in the order shown
in figure 3—3,A. G/A-FD bits R8 through R15 are re-
versed as they enter the core array (fig. 3—3,B); simi-
larly, BOMARC bits R7 through R15 are also modified
to the order shown in figure 3—3,A. This is necessary in
both cases because of data-link transmitter character-
istics. The eight G/A-FD bits (R8 through R15) contain
numerical data on which the manned aircraft takes
action. The wiring in the airborne receiver is such that
this information must be shifted in with its least signi-
ficant bit first. The function of the G/A-FD or BOM-
ARC busy bit is to indicate, at the data-link transmitter,
that amplitude modulators for corresponding subcarriers
are to be turned on for transmission data.

 Half-write current pulses alone are not of sufficient
amplitude to cause information bits to be written into
the cores. However, simultaneously with the reception
of the right half-word, the parity bit, and the busy bit,
one of the 26 registers is selected by a half-write register
address-current pulse. The right half-word, the parity
bit, and the busy bit are then loaded into the selected
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Figure 3—4. Core Windings, Simplified Diagram
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register as the half-write message pulses and the half-
write register-address pulse combine within the cores of
the selected register. This operation is repeated each
time an output word is read into the core array. The
read-in operation occurs during search time of each
G/A-FD burst period.

2.4 CONTROL (G/A-FD, BOMARC)
2.4.1 Timing

The G/A-FD and BOMARC burst periods are 0.25
second in duration; approximately 65 ms of this is
search time. This is due to the fact that both storage
sections share the same burst counter. Setting the search
interval at approximately 65 ms allows sufficient time
to read the OB fields and eliminates the possibility of
missing a word of a G/A-FD burst. At the end of
search time, there is an interval of approximately 5 ms
during which a G/A-FD sync pulse is generated. Imme-
diately following the 5-ms interval, readout starts and
continues for the remaining 0.18 second of the G/A-FD
burst period.

All signals controlling the above operations of the
G/A-FD storage section are supplied by the 25 counter,
13 counter, and G/A-FD control circuits. (See fig.
3—5,B.) Similarly, the circuits used to control BOMARC
signals are shown in figure 3—5,A. These circuits pro-
duce the pulses which initiate and terminate these and
other various functional operations at the required times
during each G/A-FD burst period. The functional oper-
ations controlled by the 13 counter, 25 counter, and
G/A-FD control circuit ate listed below in the order in
which they occur:

a. Start and end search time during each burst

period.

b. Generate a sync pulse following search time and
prior to readout during each burst period.

c. Produce (at 100 pps) the clear-column pulses
that clear the messages from the core array dur-
ing readout of each burst period.

d. Cause continuous 1,300-pps shift pulses to be
applied to the OSR only during readout of each
burst period.

e. Generate a string of 13 busy bits once per second.

A detailed discussion of each of the timing circuits,
13 counter, 25 counter, and G/A-FD control circuits is
contained in the following paragraphs,

2.4.2 13 Counter

The 13 counter, shown in figure 3—6, is a 13-core
core shift register (CSR) used as a ring counter which
is cleared, primed, and then continuously stepped at
1,300 pps. This counter is shared by both the G/A-FD
and BOMARC storage sections. Individual outputs
from this counter step the 25 counter, generate a sync
pulse, and end search time. At the start of Output Sys-
tem operation after a shutdown or test operation, the

16

3-12-0

PART 3
CH 2

pulse generator in the output control element sends a
reset-and-prime pulse (at OD 4 time) to the 13 counter.
This reset-and-prime pulse is applied as a set pulse to
the 13-counter shift flip-flop which is cleared by suc-
cessive OD 3 pulses. Since the reset-and-prime pulse oc-
curs at OD 4 time and the 13-counter shift flip-flop is
cleared at OD 3 time, a 7.5-usec (OD 4 to OD 3) pulse
is developed. This 7.5-usec pulse is applied to the core
shift driver (CSD) circuits which clear the 13 counter.

The reset-and-prime pulse from the pulse generator
in the output control element is also applied to the 25
counter. Thus, each reset-and-prime pulse is simultane-
ously received at OD 4 time by both the 13 and 25
counters. The 25 counter produces a 25-usec prime-13-
counter pulse at the next OD 3 time after receipt of the
reset-and-prime pulse, corresponding to the end of the
7.5-usec 13-counter-clear pulse. This prime-13-counter
pulse is applied to a core prime circuit in the 13 counter
which drives the first core of the 13 counter to the
1 state.

Successive OD 2—13 pulses, which occur at the rate
of 1,300 pps, each synchronized with an OD 2 pulse,
are sent from the pulse generator in the output control
element, through the 25 counter, through test equip-
ment relay contacts in the output control element, to
the 13 counter. After passing through the 25 counter,
the OD 2—13 pulses are relabeled gated-13-CSR-shift
pulses. These pulses are unchanged by the 25 counter,
except that ot. pulse is suppressed every 25-counter cy-
cle. (Refer to 2.4.3.) Each gated-13-CSR-shift pulse is
applied as a set pulse to the 13-counter shift flip-flop,
which is, in turn, cleared by successive OD 3 pulses.
Therefore, for each combination of an OD 2-13
gated-13-CSR-shift pulse and an OD 3 pulse, a 2.5-usec
13-counter-shift pulse is produced. These 2.5-usec 13-
counter-shift pulses are generated at the same rate as
the OD 2—13 pulses (1,300 pps). Starting at the first
OD 2 time following the fall of the prime-13-counter
pulse at OD 1 time, successive 13-counter-shift pulses
shift the 1 primed into the first core through the 13
counter.

Transferring the 1 from one core to another pro-
duces a 13-counter-output pulse. Each 13-counter-output
pulse is labeled according to the numerical position of
the core in the 13 counter that originates the output
pulse. For example, after the application of the first
13-counter-shift pulse to the 13 counter, the 1 is shifted
from core 1 to core 2 and a 13-counter-equals-1 pulse is
generated. Thus, as the 1 is shifted through the 13
counter, 13 individual pulses are generated. These pulses
are labeled 13-counter-equals-1 through 13-counter-
equals-13, respectively.

As each 13-counter-equals pulse is produced, it is
sent over a separate line to the test equipment section in
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Fig. 3-6

the output control element. The test equipment section
utilizes these pulses as aids in performing test opera-
tions involving the G/A-FD storage section. Certain 13-
counter-equals pulses are also used to generate control-
ling pulses as explained below.

The 13-counter-equals-7, -11, and -13 pulses are ap-
plied as conditioning levels to GT’s 5, 3, and 1, respec-
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tively, and serve to control the passage of OD 3—13
pulses through these gates. An OD 3—13 pulse occur-
ring at 13-counter-7 time (that is, the time when a 13-
counter-equals-7 pulse is generated) passes through GT
5 and is applied to GT 4. An OD 3—13 pulse occurring
at 13-counter-11 time passes through GT 3 and is ap-
plied to GT 2. Gates 4 and 2 are conditoned only dur-
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Figure 3—6. G/A-FD and BOMARC 13 Counter (3.2.1), Simplified Logic Diagram
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ing 25-counter-25 time. The output of GT 4 is therefore
a standard pulse synchronized with an OD 3 timing
pulse, occurring when a 13-counter-equals-7 pulse is
generated during 25-counter-25 time. This pulse is sent
to G/A-FD control (fig. 3—10) as an end-search pulse.
(Refer to 2.4.4.) Similarly, the output of GT 2 is a
standard pulse synchronized with an OD 3 timing pulse,
occurring when a 13-counter-equals-11 pulse is gener-
ated during 25-counter-25 time, This pulse is used in
the 13 counter and is also sent to the G/A-FD conver-
sion equipment (fig. 3—19) as a G/A-FD sync pulse.

In order to generate the end-search pulse and the
G/A-FD sync pulse just discussed, GT’s 2 and 4 must be
conditioned for the duration of the 25-counter-equals-
25 interval. This is effected by the action of the 25-
counter-carry flip-flop. This flip-flop is set at 25-counter-
25 time by a 25-counter-carry pulse and produces a
level on its 1 side which is used to condition GT’s 2 and
4. The flip-flop is cleared by the next 13-counter-equals-
11 pulse, thereby lowering the level applied to the
gates. In this way, GT’s 2 and 4 are conditioned during
the interval between 13-counter-1 and 13-counter-11
time, when this interval occurs during 25-counter-25
time. ,

The 13-counter-equals-13 pulse is used to condition
GT 1 at 13-counter-13 time. An OD 3—13 pulse occut-
ring at this time passes through GT 1 and is sent to the
25-counter-prime and shift pulse generator (fig. 3—7) as
a 13-counter-carry pulse. Since the 13 counter is stepped
at 1,300 pps, a 13-counter-carry pulse occurs once per
13 shift pulses or at the rate of 100 pps (13/1,300).
Consequently, 13-counter-carry pulses are sent to the
25 counter at 100 pps.

Simultaneously with the generation of each 13-
counter-carry pulse, the 1 is transferred from core 13 to
core 1. Since the 13-counter-shift pulses are generated
continuously, and since after 13 shifts the 1 is re-
turned to core 1, the 13 counter maintains a continuous
serial count of each group of 13 shift pulses.

At the end of each burst period, 25-counter-25
time, a 25-counter-carry pulse (OD 4—13) is applied to
the 13-counter shift flip-flop. The combination of this
pulse and the following OD 3 pulse generates a 7.5-
usec shift pulse which clears the 13 counter. The 13
counter is then primed by the 25 counter (refer to
2.4.3.), after which its shifting is resumed.

2.4.3 25 Counter

The 25 counter is primarily a 25-core shift register
stepped at 100 pps which is used to record the passage
of time during each G/A-FD burst period in steps of
1/100 second. The 25-counter outputs are used to con-
trol various functional operations performed in the
G/A-FD storage section during each burst period. At
the start of operation of the central, after a shutdown
or following a test operation, the 25 counter receives a
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reset-and-prime pulse from the pulse generator in the
output control element. This pulse prepares the 25
counter for shifting operation by causing it to be cleared
and then primed prior to the application of shift pulses.
The manner in which the 25 counter is cleared and
primed is discussed in the following text. During the
following discussion, refer to figure 3—7 and the asso-
ciated timing chart (fig. 3—8).

The reset-and-prime pulse, which occurs at OD 4
time, is applied as a set pulse to the 25-counter shift
flip-flop shown in figure 3—7. The level developed by
the 1 side of the 25-counter shift flip-flop conditions GT
2 and is also applied to the 25-counter CSD’s shown in
figure 3—9. Successive OD 3 pulses are applied to GT 2
(fig. 3—7) sensing the 25-counter shift flip-flop output.
Since the 25-counter shift flip-flop is set at this moment
by the reset-and-prime pulse, the following OD 3 pulse
is now passed through GT 2 and clears the 25-counter
shift flip-flop. Thus, the 1 side of the 25-counter shift
flip-flop is up from OD 4 until the next OD 3, an
interval of 7.5. usec. The CSD’s apply this 7.5-usec level
to the 25-counter, thus clearing the register.

The OD 3 pulse that passes GT 2, in addition to
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clearing the 25-counter shift flip-flop, also triggers a
single-shot multivibrator, This single-shot multivibra-
tor generates a 25-usec signal which is sent to the 13
counter as a prime-13-counter signal and is also ap-
plied to a core prime circuit within the 25 counter. The
core prime circuit applies the 25-usec pulse, labeled en-
ter-1, to core 1 of the 25 counter, setting it to 1. There-
fore, at the completion of the above-mentioned steps,
the 25-counter has been cleared and primed. These oper-
ations are initiated by receipt of a reset-and-prime pulse.

The 25-counter shift operation is continuous and

is composed of successive 25-counter cycles, each of

which is 0.25 second in duration, the length of a G/A-
FD burst period. Although a G/A-FD burst period and
a 25-counter cycle are of the same duration, they start
at different times, A 25-counter cycle is initiated when
the first core of the counter is primed. A burst period
starts in the midst of a 25-counter cycle when the 1
primed into the counter is transferred from the 19th
to the 20th core, This is referred to as 25-counter-19
time.
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The reason for the difference in the starting times
of a 25-counter cycle and a G/A-FD burst period is as
follows. After a shutdown or test operation, the core
array must be free of unwanted data upon initiation of
active operation. This is accomplished by having a read-
out operation occur, during which the core array is
cleared prior to the initiation of the first burst period.
Readout occurs from 25-counter-equals-1 through 25-
counter-equals-18. Initiation of a burst. period at 25-
counter-equals-19 ensures that the core array is always
cleared at the start of active operation. Upon comple-
tion of a 25-counter cycle, the 25 counter automatically
recycles. During a 25-counter cycle, the 1 primed into
the counter is shifted at 100 pps. After 25 shifts, a
25-counter cycle is completed and the counter is auto-
matically cleared and primed in preparation for the
following cycle. A step-by-step discussion of a 25-counter
cycle follows. (See fig. 3—8.)

Continuous 13-counter-carry pulses are received
from the 13 counter at the rate of 100 pps and applied
as set pulses to the 25-counter shift flip-flop shown in
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figure 3—7. Each 13-counter-carry pulse is received at an
OD 3-13 time. The 25-counter shift flip-flop may be
cleared by an output from eithet GT 2 or GT 1. Gate 1
is conditioned by inverter 1, which produces a down
level whenever it is pulsed. This inverter is pulsed by
the output from cote 25 of the CSR. Consequently, the
output of inverter 1 remains up until the 1 that is
shifted through the 25 counter is shifted out of the
25th core. This occurs at 25-counter-25 time, the time
the register is shifted for the 25th time. Therefore, at
all times except 25-counter-25 time, GT 1 is conditioned
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and passes successive OD 4—13 pulses, each of which
clears the 25-counter shift flip-flop. At 25-counter-25
time, inverter 1 causes GT 1 to inhibit one OD 4—13
pulse, causing the 25 counter to automatically prime
itself. This will be covered in detail later in this section.

For each combination of a 13-counter-carry pulse
followed by an OD 4—13 pulse, the 1 side of the 25-
counter shift flip-flop is up for 2.5 psec. The 2.5-usec
level thus developed is applied to the CSD shown in
figure 3—9 and causes the 1 primed into the 25 counter
to be shifted one core. The 13-counter-carry pulses
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Figure 3—9. G/A-FD and BOMARC 25 Counter (3.2.1), Simplified Logic Diagram
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occur at 100 pps and consequently the 2.5-usec shift
pulses are developed at the same rate. Therefore, the 1
is shifted through the register (fig. 3—9) at 100 pps.
In addition, the 2.5-usec shift pulses are transferred
through an AND circuit (fig. 3—7) when a G/A-FD
not-search level is up, is inverted, and then employed to
gate the FA’s. The FA’s are turned on when this gating
level is down; that is, during the time that the 25
counter is shifted. (Refer to 2.5.2.)

As the 1 is transferred from one core to the next, a
25-counter-equals pulse is generated. These 25-counter-
equals pulses are generated in sequence from 1 through
25 at 100 pps. The first 18 of the 25-counter-equals
pulses are each applied to a thyratron core driver
(TCD). (See fig. 3—9.) The TCD produces clear-col-
umn pulses used to clear successive columns in the
G/A-FD core storage. Since 25-counter-equals pulses are
produced at 100 pps, the successive clear-column pulses
are produced at the same rate, The 18 clear-column
pulses are labeled clear-column-1 through clear-column-
18, respectively. The interval from 25-counter-equals-1
through 25-counter-equals-18 is the readout interval.

The 25-counter-equals pulses are also used to con-
trol other G/A-FD storage operations. The 25-counter-
equals-1, -2, -15, -18, -19, -20, and -25 pulses are used
to condition GT’s 1 through 7, respectively, in the 25
counter. The OD 4—13 timing pulses are applied to each
of these gates. An OD 4—13 pulse occurring at a time
when one of these gates is conditioned by a 25 counter-
equals pulse will be passed by the particular gate and
sent to other circuits as a control or test pulse. The dis-
tribution of these pulses is specified in the following
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An OD 4—13 pulse occurring at 25-counter-1 time
is sent to the G/A-FD control as a 25-counter-equals-2
pulse, where it is used to end the transmission of busy
bits. (Refer to 2.4.4.) This pulse is also sent to the stor-
age parity checking circuit (fig. 3—15) where it is used
in the busy bit check. (Refer to 2.6.2.)

An OD 4—13 pulse occurring at 25-counter-2 time
is sent to the G/A-FD control as a 25-counter-equals-2
pulse, where it is used to end the transmission of busy
bits. (Refer to 2.4.4.) This pulse is also sent to the
storage parity checking circuit (fig. 3—15) where it is
used in the busy bit check. (Refer to 2.6.2.)

The OD 4—13 pulses occurring at 25-counter-15,
-18, and -20 are sent to the test equipment section
where they are utilized in performing test procedures.

An OD 4—13 pulse occurring at 25-counter-19 time
is sent to the following circuits:

a. To the G/A-FD control as a start-search pulse,
where it is used to initiate the search G/A-FD
level.

b. To the storage parity checking circuit as a 25-
counter-equals-19 pulse, where it is used in the
storage parity check. (Refer to 2.6.3.)

c. To the elapsed-time counter (fig. 3—18) as a 25-
counter-equals-19 pulse, where it is used to reset
the counter. (Refer to 2.7.3.)

d. Through the contacts of relay K4 to the G/A-FD
burst counter (fig. 3—16) as a 25-counter-equals-
19 pulse. During normal operation, relay K4 is
de-energized and this pulse is used to step the
burst counter. (Refer to 2.7.2.) Relay K4 is ener-
gized only during test operation, at which time
the burst counter is prevented from being
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Figure 3—10. G/A-FD and BOMARC Control (3.2.1, 3.2.6), Simplified Logic Diagram
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An OD 4~—13 pulse occurring at 25-counter-25 time
is sent to the following circuits as a 25-counter-carry
pulse:

a. To the 13 counter (fig. 3—6), where it is used to
develop a clear pulse and to condition GT’s 2
and 4 in this counter, (Refer to 2.4.2.)

b. To the skip pulse flip-flop in the 25 counter (fig.
3—9) where it is used to suppress an OD 2—13
pulse. (Explained in detail later in this section.)

c. To the test equipment section where it is used in
test operations.

In addition to its previously explained gating func-
tion, the 25-counter-equals-25 pulse is applied to in-
verter 1 within the 25-counter prime and shift pulse
generator (fig. 3—7). The output of this inverter is
always positive except at 25-counter-25 time when the
output level falls because of the 25-counter-equals-25
pulse. This normally positive level is applied to GT 1 as a
conditioning level, allowing the OD 4—13 pulses to
pass this gate and clear the 25-counter shift flip-flop.
At 25-counter-25 time, the conditioning level falls and
the succeeding OD 4—13 pulse is prevented from clear-
ing the 25-counter shift flip-flop. Consequently, the level
developed by the 25-counter shift flip-flop, which
shifted the 25-core shift register and thereby caused
the generation of the 25-counter-equals-25 pulse, re-
mains up after the OD 4-13 pulse. The next OD 3
pulse, 10 psec after the setting of the 25-counter shift
flip-flop by a 13-counter-carry pulse, passes GT 2,
since its conditioning level is up, clears the 25-cosinter
shift flip-flop, and triggers the single-shot multivibrator.
The 10-psec level thus developed by the 25-counter shift
flip-flop clears the 25 counter. The 25-usec pulse de-
veloped by the single-shot multivibrator is sent to the
13 counter as a prime-13-counter pulse and is also ap-
plied to the core prime circuit as an enter-1 pulse which
primes core 1 of the 25 counter. Therefore, at each
25-counter-25 time, the 25 counter is cleared and primed
automatically. Stepping of the 25 counter then con-
tinues, thereby initiating a new 25-counter cycle.

A secondary function of the 25 counter is to con-
trol the flow of OD 2—13 pulses sent from the pulse
generator in the output control element to the 13 coun-
ter. These OD 2—13 pulses, after passing through the
skip-pulse circuit of the 25 counter (fig. 3—9), are
relabeled gated-13-CSR-shift pulses. It is required that
the 25-counter suppress the first OD 2—13 pulse re-
ceived after the 25-counter-carry pulse is generated. The
successive OD 2—13 pulses are applied simultaneously
to GT 9 and GT 8, which are conditioned by the 0
and 1 side, respectively, of the skip-pulse flip-flop. Nor-
mally, the 0 side of the skip-pulse flip-flop is up, con-
ditioning GT 9, which passes the OD 2—13 pulses to
the 13 counter as gated-13-CSR shift pulses. However,
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the 25-counter-carry pulse, when developed, sets the
skip-pulse flip-flop, which removes a conditioning level
from GT 1 and applies a conditioning level to GT 3.
The following OD 2—13 pulse is then passed through
GT 3. This OD 2—13 pulse clears the skip-pulse flip-
flop and returns the conditioning level to GT 1. In this
manner, the first OD 2—13 pulse that occurs after the
25-counter-carry pulse is developed is suppressed in the
25 counter.

2.4.4 Control

The G/A-FD control circuit produces two levels
which indicate the start and end of search time and
also controls the pulses which cause shifting of data
bits to the transmission equipment. In addition, it gen-
erates a string of automatic busy bits once per second.
The G/A-FD control circuit shown in figure 3—10 con-
tains a search flip-flop which is set by a start-search
pulse that occurs at 25-counter-19 time. This pulse raises
the 1 side of the search flip-flop, developing a seatch
G/A-FD level. The search G/A-FD level is sent to the
output control element, informing it that the G/A-FD
storage section can receive data. Approximately 65 ms
after the setting of the search flip-flop, an end-search
pulse is received from the 13 counter, which clears the
search flip-flop. This terminates the search level and
develops a G/A-FD nonsearch level which is sent to the
output control element. This level informs the output
control element that search time is completed and, thus,
that the flow of data to the G/A-FD storage section
should be halted.

The G/A-FD control circuit also governs the flow
of shift pulses sent to the OSR circuit. Successive OD
2—13 pulses are applied to GT 2 within the G/A-FD con-
trol circuit. The shift flip-flop in the G/A-FD con-
trol circuit is set by a 25-counter-equals-1 pulse denoting
the start of readout, and cleared by a 25-counter-equals-19
pulse which signifies the end of readout and the initia-
tion of search time for the following burst period. Gate
2 is conditioned by the 1 side of the shift flip-flop and,
therefore, upon receipt of a 25-counter-equals-1 pulse,
successive OD 2—13 pulses are passed to the OSR as
shift pulses. Therefore, shift pulses are supplied to the
OSR between generation of 25-counter-equals-1 and 25-
counter-equals-19 pulses, which is the duration of read-
out time.

The G/A-FD control circuit contains an automatic
busy bit flip-flop which is set by the 25-counter-equals-1
pulse once per second. This occurs because two levels
developed by the burst counter circuit labeled burst
counter L15 and burst counter L14, respectively, are up
together only once per second. Both of these levels are
applied to a 2-way AND circuit whose output condi-
tions GT 1. Gate 1 is sensed by each 25-counter-equals-1
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Fig. 3-11

pulse. Therefore, once per second when L14 and L15
are up together, GT 1 is conditioned and passes a 25-
counter-equals-1 pulse. This pulse sets the automatic
busy bit flip-flop (G/A-FD only). The 1 side of the
automatic busy bit flip-flop conditions GT 3, which is
pulsed by OD 3—13 pulses. Gate 3 now passes succes-
sive OD 3—13 pulses to the OSR. The automatic busy
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bit flip-flop is then cleared by the following 25-counter-
equals-2 pulse. Since there is 1/100-second interval be-
tween successive 25-counter-equals pulses and since OD
3—13 pulses occur at 1,300 pps, a string of 13 OD 3—13
pulses is sent to the OSR as automatic busy bits. A
timing sequence of the essential operations performed
in the control circuits is summarized in figure 3—11.

0.25 SECOND~- -
| GROUND TO AIR BURST PERIOD |
25CTR=17 I8 1920 21 22232425 | 2 3 4 6§ 6 7 8 9 10 