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CHAPTER1. INTRODUCTION TO OUTPUTS
1. Function of Output System in AN/FSQ-7 Combat Direction Central

The Output System in the AN/FSQ-7 Combat Direction Central transfers output
messages from the Central to adjacent Centrals and remote sites through telephone
facilities. (See Figure 1-1.) After forming an output 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 System. The Output System accepts the output message
from the OB fields and transfers the message to telephone facilities for transmission to
its intended destination(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 performed by
the Output System is treated by referring to these two elements.

2. 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 available to the Central Computer System specific
data which is used by the Air Defense program as an aid in controlling 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.

3. Output Storage Element

The output storage element temporarily stores the words of an Output message
and then, at the completion of read-in (whenthe complete message is present in the output
storage element) transfers the message serially to telephone terminal equipment. This
element contains three storage sections; each accommodates a different class of output
messages. Output messages are grouped into three classes: ground-to-air time division
(G/A-TD), ground-to-ground (G/G), and teletype (TTY). The storage sections are labeled
accordingly, the G/G storage section, 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 employed
by the storage sections differs and depends upon the class of output message handled.
Output messages in the 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 teletypewriter receivers. Output messages destined for such
gsites 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).
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Output Messages

1. General

An output message is a communication sent from an AN/FSQ-7 Combat Direction
Central to adjacent Centrals or remote units. The Central Computer System performs
various operations, controlled by the air defense situation data supplied to the Central
Computer System by radar sites adjacent Centrals, and by personnel (manualty) 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 output message
falls into one of three classes: 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 TD messages are composed of data which will help manned
fighter aircraft intercept assigned enemy targets. The G/A-TD messages are transmitted
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from the Central to the remote G/A-TD data-link transmitters which provide the radio
link with the aircraft.

A G/G message is composed of either crosstelling (XTL) data, forwardtelling
data, height-finder request, or a missgile control message. 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 over-all situation in the area of the sending
Central. Another 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 message is employed whenever the altitude of a specific
target is required. The remaining type of G/G message is used for in-flight control of
unmanned interceptors (missile).

Teletype messages are formed of either information intended for higher head-
quarters, information for non-automatic adjacent sectors (sectors not equipped with AN/
FSQ-7 Combat Direction Centrals), or early warning information intended for anti-
aircraft batteries. Forward-telling information sent to higher headquartersis a summary
tabulation of the up-to-the-minute air defense situation. The TTY messages sent to
non-automatic adjacent sectors contain information similar to the data in G/G messages.
Teletype messages sent to the anti-aircraft batteries are composed of early warning
radar data.

2. Timing of Output Message Transmissions

The time for the transmission of each output message is selected in the Central
Computer System, and certain Output System Circuits ensure that the message is trans-
mitted 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
three classes: G/G, G/A-TD, and TTY. In addition, certain types of messages in each
class must be transmitted at the proper times.

3. Message Formation. (Refer to Table 1-1.)

a. General

An output message as formed by the Central Computer System is composed
of several words; the exact number of words used to form each message varies with the
class of the message. A 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. 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 prior to storing the word
on the OB fields for eventual transfer to the Output System, a parity bit is added, in-
creasing the total number of bits to 33.

b. Left Half-Word

The left half-word of each word contains a 3-bit gection address (LS-L2), a
Q—L_TWW and a burst number which may contain as many as
eight bits (L8- . 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 output
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 combination of the section address and register address
determines the group of remote sites to which the right half-word is transmitted. In
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order to understand how the section and register addresses are used to accomplish
this, a short discussion pertaining to the logical composition of the storage device
employed in the output storage sections and to the telephone facility connections is
required.

The output storage sections employ ferrite core arrays 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 forming a slot differs in each output storage
section. A G/G slot is composed 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 re-
ceive 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 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 registers composing the slot in the selécted output storage section array that
supplies the telephone circuit connected to tl!e intended destination of the message.
Therefore, successive words n; the output message are sequentially assigned the
register addresses of the registers in the slot concerned.

=,

The remaining portion ‘X« a left half-word is the burst number. The burst
number that is assigned to a messageé 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).

A BT TR ) S S
L S
c. Right Half-Word . b -

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.

A G/G message contains five right-half drum words (a total of 80 bits
employed by the Central to carry either XTL information to an adjacent Central, forward-
telling data to an AN/FSQ-8 Combat Control Central, or a height-finder request to a
radar site. The data 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 forwardtelling data used to form each right half-word of a G/G message is not
fixed,




Each right half-word of a typical XTL or forwardtelling message is formed
by the Central Computer System. The last (third) type of G/G message is employed to
carry height-finder requests to radar sites.

A G/A-TD message is composed of four right half-words that are separated
into groups of two right half-words and transmitted over separate telephone channels
to manned interceptors via data-link transmitters. Two data phone lines are used to
transmit the G/A-TD message to the manned interceptor. One data phone line handles
information relating to site address, aircraft address, and the message label, whereas
the command data associated with the G/A-TD message is transmitted over the other
data phone line,

One G/A-TD message contains four commands. The G/A-TD messages are
sent from the Central via data-link transmitters that are located within a given area,
with each transmitter operating on the same assigned frequency. Selection of a particular
data-link transmitter is established by the site address portion of the G/A-TD message.
If a G/A-TD message is addressed to a particular aircraft in a group of aircraft, only
that aircraft will take action on the transmitted message.

A TTY message is employed by the Central to carry information to remote
sites not equipped with automatic input devices through telephone TTY circuits. Each
right half-word of a TTY message contains the binary equivalent of three TTY code
symbols. A TTY code symbol represents either a letter, a figure, or a TTY operation.
Table 1-3 shows the TTY letter, figure, or operation associated with a 5-bit binary
code symbol. As shown in Table 1-3, a binary code may represent either a letter or
a figure. Because of this, a code symbol representing either of the TTY operations,
entitled letters or figures, must be transmitted prior to the group of letter or figure
codes. The three 5-bit code symbols employed to form a right half-word of a TTY
message depend upon the data to be transmitted. The 15 bits of the three 5-bit code
symbols occupy bit positions Rl through R15 of a TTY right drum word. Bit RS is
always a 1.

d. 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 0 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. There-
fore, 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 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 to determine whether or not the word is acceptable. The
word is accepted if it has odd parity and rejected if it has even parity.
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Drum Storage
1. General

Note: For a detailed discussion of the LOG Drum and the
three OB fields refer to the Job Proficiency Guide of the C.C.
Drum System.

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 con-
tinued reading from, and writing onto, these fields is interrupted because a delay of
120 usec is introduced when switching from one field to the next. These OB fields are
divided into 6,144 registers (2,048 per field); however, only 2,036 registers per field
are used to store drum words because 120 usec 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 output message is intended for trans-
mittal 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.

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-usec interval between successive registers, the minimum interval
between the writing of successive drum words of an output message on the OB fields is
20 usec; 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 employed by an output storage section is 50,000 pulses per second (pps).
Thus, limiting the writing of successive 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 written
onto the first odd or even drum-word register that is available to the drum word.

10



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
unavailable when a drum word is writtenonto 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, successive drum words are often placedon the OB fields several
drum-word registers apart. Therefore, the interval between the writing of successive
drum words of the same message may be greater than 20 usec (but the interval is
always a multiple of 20 usec).

3. OB Fields Reading

The contents of the drum-word registers on the OB fields are read consecu-
tively and transferred to the Output System. Since there is a 10-usec 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 examined
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 available. The drum words that are rejected
for arriving too soon remain on the OB fields. These rejected drum words contain
good information and will be accepted 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.

4, Log Drum OD Timing Pulses

The LOG drum OD timing pulses are usedto 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, which is the interval between an OD 1 pulse and a following
OD 1 pulse, is 10 usec. The OD pulses are generated continuously, with every OD 4
pulse followed 2.5 usec later by an OD 1 pulse.

Ferrite Core Storage
Note: Refer to Figure 1-4.

1. The ferrite core array is a coincident-current storage 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 1-4,
the two axes are termed the message axis and the address axis, and each row is known as
an addresss register,

1
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The ferrite core is a device with square loop hysteresis 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 array from the O state to the 1 state
and allows other cores to remain in the O 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
the message axis. Each column and each row is provided with a 2-turn read-in winding
which carries the half-write current. Figure 1-5 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 results in the
full-write current necessary to switch the core from the saturated 0 state to the saturated
1 state. Note: Refer to Figure 1-5.

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
Figure 1-6.) 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;
instead, a single readout current flows through the 2-turn readout winding of all ferrite
cores of a column. Sequentially, one column after another is read out in this manner.
This process is illustrated in Figure 1-7,

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 th: sense winding. The
induced voltage is of either of two configurations, depending upon whether the core was
already in a 0 state or whether the core switched from the 1 state to the 0 state. Refer
to Figure 1-7.

In accomplishing the read-in and readout processes in accordance with require-
ments imposed on the Output Storage System, various special circuits are employed.
These circuits are explained in detail in Chapter 3. The paragraphs which follow explain
the over-all relationships of these circuits with each other and with the ferrite core
array.

2. Array Read-In
Note: Refer to Figure 1-8.

The ferrite cores of each column and each row of an array receive half-write
current from a tape core device known as a core current driver (CCD). (See Figure 1-8.)
The CCD is switched from either of two saturated 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 O state. A
separate CCD is coupled to each row and each column of the array. When a CCD is
switched from the O to the 1 state, the associated ferrite cores remain unaffected.
However, when the CCD is switched from the 1 state back to the 0 state, a half-write
current is transferred to all the ferrite cores in the associated row or column.

13
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The CCD is set to the 1 state by a circuit known as the set driver (STD).
Particular STD’s are selected 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 simul-
taneously 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 currents into the ferrite cores.

The RID’s also perform another function. Information is simultaneously trans-
mitted to all arrays used in the Output System. However, information at a given time is
intended for storage in only one array. To prevent 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, delivered at the same time the STD’s are
pulsed, cancels the effect of the set pulse delivered to the CCD’s. For that array in-
tended 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 information by inhibiting the setting of CCD’s in all other arrays.
The selected STD’s are pulsed, setting their associated CCD’s along the address and
message axes of the 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 transferred to the associated ferrite cores in the row or column. Upon receipt of
two coincident half-write currents, a ferrite core is switched from the 0 state to the 1
state. At the completion of the read-in operation, each selected address register of the
array contains word information.

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 Figure 1-9.) One such driving circuit 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 con-
trolling a separate driver. Each CS contains atape core which may be saturated in either
of two states. This group of CS’s is known as the readout 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 O to 1, and it triggers the corresponding
TCD which reads out the associated column (switches the ferrite cores to 0). The
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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 column.
This action continues until all columns have been read out. Thus, it might be said that
readout information is serially entered into the readout shift register and that message
information is, taken from the column by parallel readout.

As each column of the array ispulsed, 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 contained a 1. Each FAdrives 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;
ferrite cores that contained 0’s allow associated CS’s to remain in the 0 state.

Since the information contained in all the ferrite cores of a column is entered
simultaneously 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, information
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. Information 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 readout 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 readout. Thus, the word information

contained in each row of the array is serially readout column by column, The array
is now ready for read-in again,

Special Circuits Used in the Output System

1. Tuning Fork Oscillator
a, Definition and Description

A tuning fork oscillator (TFO) is a non-logic circuit which generates con-
tinuous sine waves.

Table 1-4 lists the three models of the TFO’s utilized in AN/FSQ-7 and -8
equipments. Each circuit is listed by logic symbol showing the characteristics which
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LOGIC BLOCK
MODEL SYMBOL CHARACTERISTICS
A ATFO | Generates sine wave at a frequency of either
512 or 364 cps, depending on application. Am-
plitude: 45v peak-to-peak.
B BTFO ——— Generates continuous sine wave of 1,300 cps
with normal amplitude of 7 to 8v peak-to~peak.
C CTFO | Generates sine wave at a.frequency .of 1,300
cps or 1,600 cps, depending on tuning fork
used. Amplitude: 11v peak-to-peak.
Table 1-4. Tuning Fork Oscillators
REFERENCE
SYMBOL FUNCTION
R1 V1 grid return
R2 Plate load resistor for V1
R3 V2 plate load resistor
R4 V2 cathode resistor
R5 Part of feedback network (with C2)
C1 Bypass capacitor
Cc2 Part of feedback network (with R5)
Table 1-5. Tuning Fork Oscillator, Model B

Function of Detail Parts
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distinguish one model from the other. Since all three models operate identically, only
model B is discussed in detail.

b. Principles of Operation

The model BTFO, shown in schematic form in Figure 1-10, will be discussed

as a typical TFO circuit in the following discussion. Table 1-5 lists associated detail
parts and their functions.

The BTFO produces a continuous 1300 cps sine wave whose period is ex-

tremely stable and accurate. The output from the tuning fork is a 0.5v peak-to-peak
sine wave which is applied to the grid of V2. This signal is amplified and fed to V1.
The output signal from V1 is a positive 3v feedback of proper phase and magnitude
to maintain oscillation of the tuning fork.
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R2 R3

1.6 MEG 150K
c2
O,OJIlUF

4 1t ol
Cl
: | :0‘047 UF

vi v2 RS
[\ TRIODE AMPLIFIERS I MEG
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DRIVE COIL

WAVEFORM

v ep TUNING FORK
13 KC

! TUNING FORK
PICKUP COIL
OUTPUT 04- =
05V P/P

AMPLIFIER
OUTPUT l
7-8v P/P e

Figure 1-10, Tuning Fork Oscillator
Model B, Schematic Diagram

2. Schmitt Trigger, Model A
a. Definition and Description
The model A Schmitt trigger (AST) is a non-logic circuit which produces

a constant amplitude bilevel output and is capable of voltage level discrimination and
reasonably fast switching. The logic block symbol for the Schmitt trigger is shown.
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b. Principles of Operation

The AST is shown schematically in Figure 1-11. Table 1-6 lists associated
detail parts and their functions. In its quiescent condition, the grid of V1A is considerably
negative with respect to its cathode. With the application of a rising positive level on
the grid of V1A, this tube starts conducting. As conduction increases in V1A, the current
through R3 causes a decrease in voltage at the plate of this tube and a consequent pro-
portional drop at the grid of V1B because of the action of voltage divider R5 and R7.
As the grid voltage of V1B is lowered, this tube heads toward cutoff. Since there is
less conduction through the cathode resistors, the cathode goes more negative, increasing
the positive-going difference between the grid and cathode of V1A and thereby driving
the tube further into conduction. This action continues in the direction of conduction in
V1A and cutoff in V1B until V1A saturates. Any further positive movement of the left
grid results only in an increase in grid current. As the voltage level on the left grid
is now lowered, a point in reached at which the feedback divider moves the right grid
to a point where some conduction starts, raising the cathode slightly. Since the left grid
is held by the input voltage and the cathode is now moving positive-wise, V1A tends
toward cutoff, further raising its plate and the grid of V1B. The circuit has now switched
back to the original state.
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Figure 1-11, Schmitt Trigger, Model A, Schematic Diagram
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The input voltage level needed to cause conduction to switch from right to
left is somewhat higher than that needed to cause the reverse action. This is due to the
difference in the plate load resistors in the two halves of the circuit and produces a
hysteresis effect with more inheritability than that found in a symmetrical circuit.

REFERENCE
SYMBOL FUNCTION
R1, R2 Grid bias resistors for V1A
R3 Plate load V1A
R4 Part of V1B plate load (with L1)
R5 Voltage divider (with R7)
R6 Cathode resistor common to V1A and V1B
R7 Voltage divider (with R5)
(01 Part of RC circuit which serves to increase a-c
loop gain (with R5)
L1 Choke in plate load of V1B serves to provide

peaking action

Table 1-6. Schmitt Trigger, Model A,
Function of Detail Parts

3. Constant Voltage Amplifier
a. Definition and Description

The constant voltage amplifier (CVA) is an amplifier circuit which provides
a constant voltage output. The logic block symbol for the CVA is shown in Figure 1-12.,

b. Principles of Operation

Figure 1-13 is the schematic diagram of the CVA, Table 1-7 lists the
associated detail parts and their functions. The eircuit consists of two pentode tubes,
V1l and V2, comprising a 2-stage voltage amplifier. The input signal, a 1,300-cycle
7-8v peak-to-peak sine wave, is applied to the control grid of V1. This signal is am-~
plified and applied to the grid of V2 through C2. The output of V2 is a constant 12v
peak~to-peak sine wave.

The triode tubes, V3, V4, and V5, comprise a negative feedback network
which applies d-c bias to the control grids of V1 and V2. This bias is proportioned
to the input voltage. Consequently, automatic regulation for producing a constant 12v
peak-to-peak output is achieved for inputs from 2 to 12 peak-~to-peak.
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Figure 1-12. Constant Voltage Amplifier,
Logic Block Symbol
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Figure 1-13. Constant Voltage Amplifier, Schematic Diagram
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The feedback voltage is taken from the output of V2 and coupled through C7
to the grid of V5. Tube V5 amplifies the feedback voltage to 60v peak-to-peak. This
60v signal is applied to the grid of V4 which is operated near cutoff. The output of V4
taken from across C5 is a d-c level which varies in accordance with amplitude variations
of the 1,300-cycle, input signal.

This d-c signal is amplified by V3 with capacitor C4 filtering out any re-
maining 1,300-cycle component present in the signal. The d-c signal is then used to
bias voltage amplifiers V1 and V2. Negative bias is increased when the output from
V2 tends to exceed 12v; it is decreased when the output tends to become less than 12v,

REFERENCE
SYMBOL FUNCTION
R1 Grid return for V1
R2 Plate load for V1
R3 Screen-dropping resistor for V1
R4 Grid return for V2
R5 Plate load for V2
R6 Provides degeneration for improved regulation
R7 Screen-dropping resistor for V2
R8 Output load resistor
R9, R10 Provides bias for V1 and V2, with R10 as V3 plate load
R11 Part of V4 cathode load (with C5 and R13)
R12 Forms part of voltage divider network (with R14 and R16)
R13 Cathode load for V7 (with C5 and R11)
R14 Part of voltage divider (with R12 and R16)
R15 Grid-dropping resistor V4
R16 Part of voltage divider network (with R12 and R14)
R17 Plate load resistor for V5
R18 Cathode bias for V5
R19 Grid-dropping resistor V5
R20, R21 Voltage divider network
C1-C3 Coupling capacitors
C4 Bypass capacitor
C5 Part of V4 cathode load (with R11 and R13)
ce, C7 Coupling capacitors

Table 1-7. Constant Voltage Amplifier, Function of Detail Parts
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4, All-Channel Driver
a. Definition and Description

The all-channel driver (ACD) is a non-logic circuit which produces a sine
wave output. The logic block symbol for the ACD is shown in Figure 1-14, In the Output
System, the ACD supplies a sine wave output which drives a matching amplifier circuit
and a logic driver for each of the channels supplying data to the telephone equipment.

b. Principles of Operation

Figure 1-15 is the schematic diagram for the ACD. The circuit consists of
two model D cathode followers of standard design. For details of operation, refer to
the cathode follower write-up in the basic circuits manual.

5. Data Conversion Receivers, Models A, C
a. Definition and Description

The data conversion receivers (DCR) are logic circuits which convert
sinusoidal input signals into signals suitable for processing within the Input and Output
Systems. The principles of operation are similar; for this reason, only the model
ADCR is described in detail. Model C is shown schematically, accompanied by tables

listing the detail parts and their functions.

b. Principles of Operation
Refer to Figure 1-16.

Figure 1-16 is the schematic diagram for the ADCR. The ADCR employs

three double triodes to convert a 2v sine wave into a narrow, negative 50v pulse. Trans-
former T1 amplifies the input signal by 5 and is connected to produce an in-phase
signal across Rl. Capacitor C1 and resistor R2 form the first phase shifting network.
The network at the grid of V1 leads the T1 output signal by 48 degrees (see waveform 3,
Figure 1-16). The unbypassed cathode resistor R4 of V1 minimizes distortion by pro-
viding degenerative feedback. Plate load resistor R3 is shunted by C2 to bypass high-
frequency noise generated in the telephone lines feeding the ADCI'\’. The input to V1

is amplified by 3 and coupled to V2 by the second phase shifting circuits consisting of
C3 and R5. The signal at the grid of V2 leads the V1 plate signal by 48 degrees. Cathode
resistor R7 of V2 being larger than R4 introduces a larger feedback signal and reduces
the gain of V2 to 2.6. The negative bias of -15v on the cathode enables V2 to function
as a class A amplifier. The 85v output signal of V2 is coupled to V3 by C5.

Tube V3 is a diode-connected triode. The clipping circuit connected to the
cathode of V3 provides a square wave input to V4 and operates as follows. The voltage
at the junction of R10 and Rl11 is -7v. At the junctions of R14 and R15, the voltage is
+5v. The difference in potential at these points produces a current through R9, CR2,
and R12. The resultant voltage at the anode of CR2 is approximately Ov. During the
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Figure 1-14. All-Channel Driver, Logic Block Symbol
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Figure 1-15. All-Channel Driver, Schematic Diagram

negative half cycles of signals developed by V2, clipper V3 is cut off and Ov present at
the anode of CR3 is applied to V4. Clipper V3 conducts during the positive half cycle of
signals developed by V2, The cathode of V3 follows the plate (see waveform 8, Figure
1-16). A 40v forward bias causes CR3 to conduct, dropping 35v across CR3 and R13.
Voltage divider action of the back resistance of CR2 and R12 set the anode of CR2 at
+7v. Thus, the grid of V4 is fed by a square wave varying between 0 and +7v at 1,300
cps (see waveform 9, Figure 1-16).

Because of the unbypassed cathode resistor, amplifier V4 conducts through-
out the entire input cycle. With the application of the 0 to +7v input signal on the grid,
the resultant output is a square wave of 35v peak-to-peak (waveform 10, Figure 1-16)
which is coupled by capacitor C8 to the grid of V5.

Tube V5, a class C amplifier, amplifies the square wave output of V4, re-

sulting in a square wave at the plate of V5 (+82v to +150v) which is then differentiated
by the network consisting of capacitor C9 and resistor R20. The result is a series of
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negative and positive pulses appearing at the grid of V6. The amplitude of the spikes
is 45v (waveform 13, Figure 1-16).

Tube V6 is the final stage of the ADCR. This tube operates as a class AB

amplifier. The positive and negative spikes from V5 are applied to the grid of V6. The
tube conducts during the positive spikes and is cut off during the greater portion of the
negative spikes. The resultant output of V6 consists of sharp negative-going pulses
with an amplitude of 60v and small positive pulses from slightly under +150v. These
small positive pulses result from the fact that the tube is self-biased and these pulses
have no deleterious effect on the circuit.

An analysis similar to the one presented above can be applied to the Model
C, DCR. Figure 1-17 is the schematic diagram for the model. Table 1-8 lists the
associated detail parts and their functions.

6. Set Driver
a. Definition and Description

The set driver (STD) is a non-logic circuit which is used to produce a current
pulse to switch tape cores. The logic block symbol for the STD is shown in Figure 1-18,

b. Principles of Operation

The STD shown schematically in Figure 1-18 consists of a single pentode
tube. Input signals are applied to the suppressor and control grids. Inputs to the sup-
pressor grid are from two sources: (1) the suppressor grid of an STD used for the
address axis receives its input from the register address decoder, to determine in
which row in the core array the information will be written. (2) The suppressor grid of
an STD used for the message axis receives its input from the right drum word register
which contains the intelligence (message column) to be written in the particular row of
the core array. Input to the control grid is from the read-in control circuit.

The plate voltage of the STD pentode is obtained from the +250v service
voltage supply, and the screen grid voltage from the +90v marginal checking voltage
supply. A nominal current of 28 ma flows through the CCD set windings connected in
the plate circuit. The tube is maintained at cutoff by the -30v level of a flip-flop circuit
that supplies the control grid and by the absence of a positive level on the suppressor
grid. The register address decoder or the right drum word register selects a specific
row or column and its associated circuitry places a +10v level on the suppressor grid
of the selected STD. This signal level (conditioning) is maintained throughout the com-
plete read-in operation (approximately 6 usec). If the address and parity information
is correct and the word is correctly timed, the read-in control circuit, through a flip-
flop circuit, places a +10v pulse on the control grid of the selected STD.

7. Reset-Inhibit Driver

a. Definition and Description
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Figure 1-17. Data Conversion Receiver, Model C (Zero Detector), Schematic Diagram
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REFERENCE REFERENCE
SYMBOL FUNCTION SYMBOL FUNCTION

R1 V1 grid return R20 V6 plate load resistor
R2 V1 plate load resistor R21 V6 cathode resistor
R3 V1 cathode resistor CR1, CR2, CR3 Part of clipping and clamping net-
R¢ Part of RC coupling network (with work (with R7-R14)

C2) and V2 grid return C1 Coupling capaditor
RS V2 plate load resistor C2 Part of RC coupling network (with
Ré6 V2 cathode resistor R4)
R7-R14 Part of clipping and clamping net- C3 Coupling capacitor

work (with CR1, CR2, and CR3) .

] R C4 Bypass capacitor
R15 V4 plate load resistor .
R16 V4 cathode resistor G Bypass capacitor
R17 Part of RC coupling network (with (¢ Part of RC coupling network (with

C6) and V5 grid return R17)
R18 V5 plate load resistor Part of RC coupling network (with
R19 Part of RC coupling network (with Ri9)

C7) and V6 grid return

Table 1-8
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REFERENCE REFERENCE
SYMBOL FUNCTION SYMBOL FUNCTION
R1 V1 control grid resistor R10 Part of plate load for V2 (with L1)
R2,R3,R4  Feedback voltage divider network R11 Lozd resistance for feedback voliages
(with R6) L1 Part of V2 plate load (with R10)
RS V1 plate load resistor . .
C1 Input coupling capacitor
R6 Part of volt.age divider feedbuck net- C2 Output coupling capacitor
work (with R2, R3 and R4)
C3 Forms part of degenerative feedback
R7 V2 control grid resistor circuit which couples plate of V2
R8, RY Voltage divider which provides V2 to cathode of V1
cathode with —90V bias C4 Bypass capacitor

0.5 us:c—-'

Table 1-9. Reset-Inhibit Driver, Function of Detail Parts

RID

Figure 1-19. Reset-Inhibit Driver, Logic Block Symbol
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Figure 1-20. Reset-Inhibit Driver, Schematic Diagram
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The reset-inhibit driver (RID) is a non-logic circuit which either prevents
the read-in of information into an array or furnishes a pulse which produces the read-in
of information. The logic block symbol for the RID is shown in Figure 1-19,

Refer to Figure 1-19, Figure 1-20, and Table 1-9.
b. Principles of Operation

Figure 1-20 is the. schematic diagram of the RID. Table 1-9 lists associated
detail parts and their functions. The circuit is a 2-stage feedback amplifier. The second
stage supplies a nominal current of 185 ma to reset or inhibit core current drivers.

The first stage input is a negative pulse of 30v amplitude and having a
nominal width of 3.1 or 5.0 usec, depending upon whether the reset or inhibit function
is being performed. This pulse is amplified in both stages and delivers current to a
load consisting of the reset-inhibit windings of 16 CCD’s in series and a load resistance
of 510 ohms. The current rise time through the load is approximately 1 usec, thus
providing a proper output current pulse from the CCD’s during reset time. C3 and R6
form the degenerative feedback circuit coupling the plate of the second stage to the
cathode of the first stage; thus, the amplifier functions as a constant current source.
The output voltage is obtained from the plate side of the 510-ohm resistor to ground.

The input pulse to the first stage varies from 0 to -30v. When the input
drops to the maximum level, the first tube, which has been conducting, is cut off.

The plate voltage, because of no voltage, K drop across the 33k plate load
resistor, rises toward the +250v supply. This rise in plate voltage is coupled through
a 0.1-uf capacitor to bring the control grid of the second tube above cutoff, where
it has been biased at -90v by the action of the voltage divider across the -150v supply.
The positive-going grid voltage results in a flow of plate current through the core load
of this stage. The plate voltage drops from the +600v supply output to +135v for a
change of 465v.

When the input to the first stage rises to Ov after 3.1 or 5.0 usec, dependi;ag
upon whether the reset or inhibit function was complete, plate current flows, producing
a drop in plate voltage. The second tube is cut off again by this action and its plate
voltage rises to the supply output of +600v.

8. Core Current Driver
a. Definition and Description

The core current driver (CCD) is a non-logic circuit which supplies the
half-write current to ferrite cores in the ferrite core array of the Output System.
The logic block symbol for the CCD is shown in Figure 1-21,

b. Principles of Operation

Figure 1-22 is the schematic diagram for the CCD. Each CCD consists of
a metallic tape core upon which are wound three separate windings, a set winding, a
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Figure 1-21, Core Current Driver, Logic Block Symbol
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Figure 1-22, Core Current Driver, Schematic Diagram

reset-inhibit winding, and an output winding. The set winding consists of 200 turns and
represents the output of the set driver circuit. The reset-inhibit winding consists of
40 turns and represents. the output of the reset-inhibit driver. The output winding,
which consists of 30 turns, switches the associated ferrite cores in the array by driving
a 2-turn winding on these associated cores. Operation of the CCD involves switching
the tape core from its reset saturated state to a set saturated state and then back to its
original state.

Switching the CCD is influenced by two circuits: the set driver and the reset-
inhibit driver. The set windings of the CCD’s are connected in series and represent the
output load of the set driver circuit. The reset-inhibit windings of the CCD’s are con-
nected in series and represent the output load of the reset-inhibit circuit. The output
winding of each of the CCD’s is series-connected with a 2-turn winding on the ferrite
cores in a particular address row or message column of the array.
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A CCD is set when its associated set driver is pulsed after the latter has
been conditioned by message or address information. The output current of the set
driver required to switch from reset to set is nominaliy 28 ma. Switching from the
reset state to the set state produces a pulse in the output winding of the CCD. Since
during normal operation the output resulting from a set pulse to the CCD occurs only
after the ferrite cores have been read out (driven to a 0 state), this output has a negli-
gible effect on the ferrite cores. The set information is retained in the CCD until the
reset-inhibit driver is pulsed. The reset-inhibit pulse resets the CCD, resulting in the
CCD’s output winding delivering a half-write current to all the ferrite cores in its
associated row or column of the array.

For the situation where no information is set into a CCD by its associated
set driver, but the reset-inhibit driver passes a current through the core winding, an
output current is produced which has a negligible effect on the ferrite core array.

The full-write current necessary to set a ferrite core occurs with the
coincidence current produced by two CCD outputs, one driving the address axis and the
other driving the message axis.

9. Flux Amplifier

a. Definition and Description

The flux amplifier (FA) is a non-logic circuit which is used to sense output
signals, to discriminate between these signals as to amplitude, and to amplify them.
The logic block symbol for the FA is shown in Figure 1-23. Note: Refer to Figures
1-23, 1-24, and Table 1-10.

b. Principles of Operation

Figure 1-24 is the schematic diagram of the FA. Table 1-10 lists the as-
sociated detail parts and their functions. The circuit utilizes a twin-triode tube, one-
half of which amplifies the approximately half-sine-wave output of a row of a ferrite
core array; the other half drives the input winding of the associated core shift in the
output shift registers.

The input signal is received from the sense winding of the associated row of
ferrite cores. This negative pulse core output of approximately 0.35v is stepped up in
transformer T1 to approximately 5.0v. A network, consisting of crystal diodes CR1
and CR2 with resistor R2, is used in the control grid circuit of the first stage to prevent
unwanted triggering of the circuit by noise or other extraneous pulses. A gating voltage,
clamped at standard levels, is supplied to the input transformer’s secondary to con-
dition the network and thereby reject spurious signals.

When the gate voltage is normally at its upper level of +10v, the cathode
of CR1 is also at this voltage. The -30v supply places the anode of this diode at -30v
because CR2 is conducting toward the +150v mc voltage supply through R2. The 40v
(+10v level and -30v supply) is across the high back resistance of nonconducting CR1.
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REFERENCE

SYMBOL FUNCTION

R1 Load for T1

R2 Forms part of biasing network in grid circuit of first stage
(with CR1 and CR2)

R3 Cathode bias resistor for V1A

R4 Forms part of network which is used to increase duration of
pulse developed across diode load L2 (with C2 and CR5)

R5 Cathode bias resistor for V1B

R6 V1B plate load resistor

C1 Coupling capacitor

Cc2 Forms part of network used to increase duration of 1oad pulse
(with R4 and CR5)

Cc3 Cathode bias bypass capacitor

CR1, CR2 Part of biasing network in grid circuit of V1A (with R2)

CR3 Damps out ringing effects between stages

CR4 Forms part of amplitude-disciminating network (with L1
and L2)

CR5 Forms part of network used to increase duration of load pulse
(with R4 and C2)

L1, L2 Forms part of amplitude-discriminating network (with CR4)

L3 Plate 1oad for V1A

T1 Step-up input transformer

Table 1-10. Flux Amplifier, Function of Detail Parts

FAb—o

Figure 1-23. Flux Amplifier, Logic Block Symbol
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Figure 1-24, Flux Amplifier, Schematic Diagram

This places the control grid at a potential of ~30v. The cathode is returned
to a -30v supply, but, due to the voltage drop across cathode bias resistor R3, the
cathode is less negative than the -30v. This grid-to-cathode voltage biases the tube to
the point which allows plate current to flow. Noise or extraneous positive pulses during
this time make the cathode of CR1 more positive, preventing the pulse from affecting
the control grid of the tube. The pulse voltage is dropped across the high resistance of
the nonconducting diode. An unwanted negative pulse during the +10v time of the gate
must exceed ~-40v to cause the diode to conduct. This possibility is remote.

The gate is supplied from the same source that indicates the readout from
the ferrite core array. When the array is ready to be read out, the gate drops to -30v,
applying the voltage to the cathode of CR1. The anode remains at -30v which results in
no potential difference across the diode, and the grid-to-cathode voltage remains un-
changed.

The gate duration is 2.5 usec; during this time, a pulse is obtained from the
ferrite core array (if a ‘‘1’’ was entered in a core). This negative pulse, between 0.3 and
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REFERENCE
SYMBOL FUNCTION

R1 Forms part of input pulse-shaping
network (with C2).

R2 Forms part of voltage divider net-
work (with R4)

R3 Grid current-limiting resistor

R4 Part of voltage divider (with R2)

R5 Serves as high resistance source which
produces voltage drop necessary to
cut off V1,

R6 Screen grid return

Cl1 Inpuc coupling capacitor

C2 Forms part of input pulse-shaping
network (with R1)

C3 Provides output current when dis-
charged

L1 Limits surge voltages when V1 fires

or deionizes.

Table 1-11. Thyratron Core Driver, Model A,
Function of Detailed Parts

xTCO P cTCD o

XsAOR B AND C

Figure 1-25. Thyratron Core Drivers, Models A,
B, and C, Logic Block Symbols

0.5v, after being stepped up through the input transformer, is a negative pulse of approxi-
mately 5.0v peak and of 0.25 to 0.45 usec duration. Voltages less negative than -30v
cannot cause conduction of CR1; but larger negative voltages such as those obtained during
the time of the input from the array, make the cathode of diode CR1 more negative than
the anode, causing conduction. This current flowing through resistor R2 and the back
resistance of diode CR2 produces a voltage drop which makes the grid negative. The
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Figure 1-26. Thyrarron Core Driver,
Model A, Schematic Diagram

change of plate current produces a large positive increase in plate voltage across in-
ductive load L3.

The signal coupling to the next stage is provided by C1. Diode CR4 is biased
negatively on its anode side by the clipping voltage applied through L1, setting a clip-
ping level of -12v to -20v. The pulse from the first stage must exceed the clipping voltage
to overcome this bias and cause a transfer of signal to the second stage. This transfer
takes place only for a 1 which exceeds +20v; but a 0 input or noise pulses are not large
enough to overcome the bias.

The duration of the pulse developed across diode load L2 must be increased
to provide a pulse width of 6 usec for writing into the tape core load of the second
amplifier stage. This is accomplished in the following manner. Capacitor C2 charges
from ground toward the voltage source which is the pulse across L2. When the pulse
level falls, the capacitor discharges through R4. The time constant of C2 and R4 is
6 usec. The highest positive value reached by the pulse is 4.0v and, 6 usec (one time
constant) later, the pulse amplifier is approximately 2.5v. In discharging to this value
in 6 usec, the voltage at 3 usec is still sufficient to produce the required tube current
through the tape core load of the tube. The tube is initially biased near cutoff. Upon
application of the lengthened pulse, plate current rises. When the input pulse reaches
the required voltage, the plate current is sufficient to write a 1 into the core load. The
input pulse amplitude remains great enough to maintain the plate current at a value
sufficient to prime its core load.

10. Thyratron Core Drivers

a. Definition and Description

A thyratron core driver (TCD) is a logic circuit which produces a peaked
current waveform utilized to drive out the contents of a core register. There are three
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models of the TCD utilized in AN/FSQ-7 and -8 equipments. The basic difference be-
tween models A and B is in the number of cores driven by each. Model C is essentially
the same as A and B, except that it is gated.

Model C is used when two ferrite core arrays are required. The gated TCD
permits one array to be read out while the other array is prevented from delivering
information in cases where the input voltage controlling both readouts comes from a
single source.

Since all models of the TCD operate basically the same, only the ATCD is
discussed in detail. Figure 1-25 contains the logic block symbols of the three TCD’s.

b. Principles of Operation

Figure 1-26 is the schematic diagram for the ATCD. Table 1-11 lists

associated detail parts and their functions. The circuit consists of a tetrode thyratron
and its associated circuits.

The grid of the thyratron is biased at approximately -12v established by
voltage divider R2 and R4 between -15v and ground. This bias is sufficient to cut off the
tube. The input signal, which is 40v to 60v positive, overcomes this bias, triggering
the tube. Since the internal resistance of an ionized thyratron is negligible, plate voltage
drops from +250v to almost zero. Capacitor C3, originally charged to the +250v supply,
now discharges through the driver load consisting of 33 core windings, setting all cores
to the 0 state and producing a sense output from those cores that were in the 1 state.
The low plate voltage now present at the thyratron is insufficient to maintain current
flow through the tube and, as a result, the thyratron deionizes and returns to cutoff.
Capacitor C3 again begins to charge through R5 toward the +250v supply, terminating
the current flow through the core drive windings.

11. Core Shifts
a. Definition and Description

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

There are 15 models of CS’s utilized in AN/FSQ-7 and -8 equipments. The
most significant differences between each model are in the number of windings used
and the number of turns in each winding. The basic CS contains three windings: an
add-in (or read-in) winding, a readout winding, and a drive winding. All other CS’s
contain a fourth winding, the reset winding. In addition, several models contain a fifth
winding, either inhibit or feedback, depending on its application in a circuit. Basically,
the principles of operation for all CS’s are identical. For this reason, only the basic
CS is described in detail below. Figure 1-27 shows the logic block symbol of a basic
Cs.
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Figure 1-27, Basic Core Shift, Logic Block Symbol
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Figure 1-28, Basic Core Shift, Schematic Diagram
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Figure 1-29. Typical Magnetic Tape Core
Hysteresis Loop

b. Principles of Operation
Figure 1-28 is the schematic diagram of the basic CS. The core shift con-

sists of three windings: an add-in (or read-in) winding, a readout winding, a drive wind-
ing, and associated components.
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The magnetization state (1 or 0) of the core is varied by the application of
current pulses applied to its add-in and drive windings. The magnetizing process fol-
lows the hysteresis loop illustrated in Figure 1-29. Assume (Figure 1-29) that the
core is initially at flux point A (0 state). The application of a positive current pulse
to the add-in winding changes the flux state of the core to the point represented by C.
When the current returns to O, the flux value decreases to the point represented by B
(1 state). A negative-current pulse applied to the drive winding will then change the
flux state of the core to the point represented by D. When this current returns to 0,
the flux value returns to point A and the core is once again at the 0 state. The flux
value remains at point A until the application of a second positive pulse.

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

The readout circuit of a CS makes possible the transfer of a 1 from one core
to another. This transfer function is utilized in CS registers. As described previously,
when a CS is magnetized in the 1 state, the application of a negative-current pulse to
the drive winding causes a reversal in the magnetization of the core. This induces a
voltage across the readout winding which charges capacitor C1 (Figure 1-28) through
diode CR1. Diode CR1 prevents the capacitor from discharging through its charging
path. Inductor L1, because of its high impedance, prevents the initial surge of the C1
charging current from flowing through the parallel path which includes the read-in
winding of the next CS and resistor Rl. The value of Rl determines the discharge time
of Cl1. This resistance is sufficiently high to enable C1 to retain a considerable charge
after the decay of the drive pulse. At the end of the drive pulse, C1 discharges com-
pletely through L1, Rl, and the read-in winding of the next core. The discharge current
writes a 1 into this core. This transfer of a 1 occurs whenever a drive pulse is applied
to the drive windings of a core storing a 1. Thus, a stored 1 can be shifted through a
register by applying as many drive (shift) pulses as there are CS’s in the register.

12. Core Shift Drivers

a. Definition and Description

A core shift driver (CSD) is a non-logic circuit which provides the current
necessary to transfer information serially through a register. Table 1-12 lists the
seven models of CSD’s utilized in AN/FSQ-7 and -8 equipments. Each model is listed
by its logic block symbol showing the characteristics which distinguish one model
from the other.

b. Principles of Operation, Model C

The cCSD is a typical CSD circuit and is used as an example of CSD circuits

in general in the following discussion.
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Thec

CSD, shown in schematic form in Figure 1-30, consists of a pentode

amplifier and associated components. The plate load of the stage consists mainly or
the series-connected CS drive windings or the add-in windings. In its quiescent state,
the voltage at the gridof V1is -30v which is the effective bias on the tube, and the cathode
is at ground potential. The input signal to the stage, which is developed across grid
return resistor Rl, is a pulse +10v in amplitude and approximately 3.5 usec (bias-width)
in duration. As this input voltage rises to +10v, the bias on the tube is overcome, and
the stage conducts. When the stage conducts, plate current flows through the core load
in the shift register. When the stage is being employed to amplify drive pulses, the plate
current magnetizes the cores in a direction opposite that caused by setting a 1 into the
cores. When the stage is being employed to amplify add-in pulses, the plate current
magnetizes the cores in such a direction as to set the cores to 1.

LOGIC
BLOCK
MODEL SYMBOL CHARACTERISTICS
A ACSD* Provides current to drive eight cores in the
shift register of the manual data input unit.
B — BCSD ———»  Provides current to read out tape cores in
3-output shift register of output storage section.
C — cCSD l—— Provides read current for the core shift regis-
ter.
D B I)CSD — Provides add-in current in tape-core counter.
— —
E ECSD* Provides shift current in tape core counter.
F FCSD Provides shift current in the parallel read-
out and identification register.
G GCSD Provides current to reset cores in azimuth

counter.

Table 1-12. Core Shift Driver, Model-Distinguishing Characteristics

*Logic block symbols for these models identical with that for model CCSD.
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13. Core Prime, Models A, B, C, and D
a. Definition and Description

A core prime (CP) is a non-logic power-amplifying circuit which provides
a high-current output pulse utilized to set a core shift to the ‘‘1’’ state.

Table 1-13 lists the four models of CP’s utilized in AN/FSQ-7 and -8 equip-

ments. Each circuit is listed by logical symbol showing the characteristics which
distinguish one model from the other.

S m

| JJ") CORE LOAD |
IN SHIFT l

REGISTER

L i

INPUT O 2 4

=30V +150Vv

NOTES:

I. SERVICE VOLTAGES ARE DECOUPLED
IN THE PLUGGABLE UNIT

2. PARASITIC SUPPRESSORS
HAVE BEEN OMITTED

Figure 1-30. Core Shift Driver, Model C,
Schematic Diagram

b. Principles of Operation
Refer to Figure 1-31 and Table 1-14.

The electronic operation of the models is identical; therefore, only the
model A is described in detail. The schematic diagram for the ACP is shown in Figure

1-31. Table 1-14 lists the associated detail parts and their functions. The circuit consists
of a cathode follower and associated components.
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LOGIC

BLOCK
MODEL SYMBOL CHARACTERISTICS
A —<3J ACP [ Drives a model A, B, or C core shift with
standard level input pulse,
B o BCP LO Drives a model C core shift with either a
standard pulse input or with a 1 output from
a core bit,
C =] cCP [—t> Drives one or two model C core shifts con-
nected in parallel upon application of an
- input pulse that consists of a 1 output from
? a core bit,
.D +904 pCP [—<> Drives a model C core shift with an output

current which is generated within the cir-
cuit by the discharge of a capacitor through
a choke, resistor, and core input winding
in series, The depression of a pushbutton
permits this to occur.

Table 1-13, Core Prime Model - Distinguishing Characteristics

REFERENCE
SYMBOL FUNCTION

R1 Plate current-limiting resistor

R2 Grid-limiting resistor

R3 Grid return resistor

R4, RS Form voltage divider which determines
grid bias

R6 Prevents CP from conducting due to
transformer action when the core
shift driver is pulsed

Cl1 Input coupling capacitor

Cc2 Places junction of voltage divider R4
and R5 at a-c ground potential

CR1 Crystal diode which serves to prevent

d-c restoration action at input

Table 1-14. Core Prime, Model A, Function of Detail Parts
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Figure 1-31. Core Prime, Model A, Schematic Diagram

With no input signal, a negative voltage of approximately 22v (grid to cathode)
maintains the tube at cutoff. This voltage is obtained by connecting the grid circuit
to a voltage divider which is connected to the -30 and -150v supplies and by connecting
the cathode circuit to the -15v supply. The voltage divider is placed at a-c ground po-
tential by a capacitor which is located at the junction of the two resistors comprising
the divider.

When a =-30v level is applied. to the input of the CP, the tube remains at
cutoff; when the pulse level rises to +10v, plate current flows. The plate current,
returning to the cathode through the input or prime winding of the core load, switches
the core to the 1 state. When the input pulse level reaches +10v, the grid becomes posi-
tive, causing grid current to flow, causing the coupling capacitor in the input circuit to
charge. This tends to build up the bias, producing a d-c restoration action. However,
this condition is prevented by the action of crystal diode CR1 in discharging the coupling
capacitor rapidly.

14, Matching Amplifier, Model A
a. Definition and Description

The model A matching amplifier ( AMA) is a non-logic circuit which performs
the function of impedance matching. There are two types of MA’s. Type 1 is used to match
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Figure 1-32. Matching Amplifier, Model A,
Logic Block Symbol
REFERENCE
SYMBOL FUNCTION
R1 Grid return for V1
R2 Bias resistor to assure linear opera-
tion of V1
Cl1 Coupling capacitor for type 1 input
.C2 Bypass capacitor for R2
T1 Stepdown transformer serving as

cathode follower load

Table 1-15. Matching Amplifier, Model A, Function of Detail Parts
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Figure 1-33. Matching Amplifier, Model A, Schematic Diagram



the impedance of the all-channel driver to a 600-ohm line, and type 2 matches the
logic gate circuits to a 600-ohm line. Both MA circuits are identical except that type 1
uses a coupling capacitor in its input, and, in type 2, the capacitor is replaced by a
jumper. The logic block symbol for the MA is shown in Figure 1-32,

b. Principles of Operation

Figure 1-33 is the schematic diagram for the matching amplifier. Table
1-15 lists associated detail parts and their functions. The AMA is a cathode follower

type circuit which has a 5:1 stepdown transformer in the cathode circuit. As in all
cathode follower circuits, there is no phase shift between the input and output signal.
A sinusoidal current through the tube, caused by a sinusoidal voltage input, produces a
sinusoidal voltage at the output terminals of transformer T1. The output of this circuit
for an input signal of 11.5v (peak-to-peak) is approximately 2v.

The input signal to the AMA, type 1, is a 1,300 cps sine wave, 11.5 + 0.5v

peakto-peak and the output, when terminated with 600 ohms, is a continuous 1,300 sine
wave, 2v peak-to-peak. Type 2 has input and output signals of the same frequency and
magnitude but instead of being continuous they are gated.

15. Logic Driver, Model A
a. Definition and Description

The model A logic driver (ALD) is a non-logic circuit which produces a
continuous sine wave at ground potential. The logic block symbol for the ALD is shown
in Figure 1-34.

In output system logic, the ALD is usedin the model A data conversion trans-
mitter to drive two 2-way AND circuits.

b. Principles of Operation

Figure 1-35 is the schematic diagram for the ALD. Table 1-16 lists the
associated detail parts and their functions. The circuit consists of an ac-coupled cathode
follower with an inductive cathode load. The input signal is a continuous sine wave of
1,300 cycles with a peak-to-peak amplitude of approximately 11.5v. The cathode load
consists of a 2.5-henry choke whose impedance is more a function of frequency than of
d-c current. The choke is connected to the voltage divider consisting of R3 and R4;
this connection is made to compensate for the d-c voltage drop across the choke. The

-values of R3 and R4 are chosen to provide approximately a ground level for the output
signal which is identical with the input except that its amplitude is 11.4v.

ALD —o

Figure 1-34. Logic Driver, Model A,
Logic Block Symbol
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REFERENCE

SYMBOL FUNCTION
R1 Grid return for V1
R2 Cathode resistor
R3, R4 Voltage divider which compensates for d-c voltage drop across L1
C1 Coupling capacitor
Cc2 Capacitor bank (four 1-uuf capacitors in parallel) serving as part

of cathode load (with L1)

L1 Choke, serving as part of cathode load (with C2)

Table 1-16. Logic Driver, Model A, Function of Detail Parts

—e LT p——<

Figure 1-36. Logic Gate,
Logic Block Symbol

16. Logic Gate
a. Definition and Description

The logic gate circuit (LGT) is a logic circuit which produces either a
1,300 cycle sine wave or a ground level, depending on its input conditions. The logic
block symbol for the LGT is shown in Figure 1-36.

b. Principles of Operation

Figure 1-37 is the schematic diagram for the LGT. Table 1-17 lists the
associated detail parts and their functions. The inputs to the LGT are taken from a
flip-flop which is controlled by data pulses from the output storage section and timing
pulses from the output control element. A 1,300 cycle sine wave timing signal is also
supplied from the logic driver. Standard AND and OR circuits are used for logical
gating. The logic driver supplies current to the AND circuit when the other AND input
is up at +10v. The output from the AND circuit is -30v when the input from the flip-
flop is -30v and an 11.8v peak-to-peak sine wave when the input from the flip-flop is at
+10v,

To remove the sine wave representing sync or data information from the 30v
pedestal, the AND circuit output is fed to its associated OR circuit which also receives
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REFERENCE

SYMBOL FUNCTION
R1,R2 Form split cathode load for cathode follower
R3 Load resistor for AND circuit
R4 Load resistor for OR circuit
Cl Compensating capacitor
CR1, CR2 Standard AND circuit
CR3,CR4 Clamps OR circuit input at —30V
CR5, CR6 Standard OR circuit

Table 1-17. Logic Gate, Function of Detail Parts
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Figure 1-37. Logic Gate, Schematic Diagram



a ground or -30v level input from the OR driver cathode follower uses a split cathode
load resistance in its cathode in order to obtain an output of either ground or -30v.
When the output of the AND circuit is at -30v, the cathode follower output is at ground
potential. Consequently, the OR circuit output is at ground when no data or sync signals
are present. When data or sync signals are present, the OR circuit output consists of
12v peak-to-peak gated sine waves at ground reference level.

Output System, Block Diagram Analysis
1. General

The Output System transmits each output message from the Central to the
intended destination of the message. The transmission is done in serial form during
the proper burst period and at the correct rate of transmission over either a telephone
data channel or a telephone 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 (Figure 1-38).

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/G, G/A-TD, and TTY burst counters. Specifically, there are three burst time
counters. Each section has its own burst time counter. This information aids the Central
Computer 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-loading pulse that is
received from the Drum System simultaneously 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 contents of the 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 generates either a 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:
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Figure 1-38. Output System (3.0), Simplified System Diagram

a. The correct storage section must have been selected; this is indicated by the
section address (e.g., the G/A-TD storage section). Refer to Figure 1-39.

b. The compare level must be received from the burst counter associated with
the selected storage section. (If the G/A-TD storage section is selected, it is required
that the G/A-TD-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-TD storage section is selected, receipt of
the drum word must occur during the G/A-TD search time.)

The last condition is controlled by the output storage element which applies
three levels to the output control element; eachlevel indicates search time for a different
storage section. These levels are labeled 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 conditions 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,
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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 gen-
erated 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 element during the 10-usec interval between drum words, it is an
indication that the drum word is accepted, 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/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/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/G, and G/A-TD data to the
telephone terminal equipment 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 to the Input System. At the termination of the computer test,
the test data is examined by the Central Computer System for errors.

The three burst counters (G/G, G/A-TD, and TTY) are contained in the output
control element; their contents are always present there. Upon receipt of a select-and-
read pulse from the Central Computer System, a burst-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
between burst time counts. Simultaneous with the transfer of each burst time count,
a break-request pulse is sent to the Central Computer System, initiating the input-
output (I0) break during which the burst time count enters the Central Computer Sys-
tem. When the Central Computer 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 terminates the burst-time-count transfer operation.
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If an alarm condition is detected during the processing 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/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 three alarm pulses from the output storage element is re-
ceived, an Output System alarm level is produced. This alarm level is sent to the
maintenance console of the Central Computer System, causing the illumination of a
visual alarm.

The autput control element contains the complete test equipment for the Output
System. This test equipment 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 timing 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 generates and
sends to the output storage element the timing pulses that are used in transferring the
output data from the output storage element to the transmission equipment.

3. Output Storage Element, Block Analysis

Refer to Figure 1-40,

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
comparable 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 three burst counters.
If the burst number matches the contents of a burst counter, that burst counter produces
a G/G-compare, TTY-compare level, or G/A-TD-compare level which is sent to the
output control element.

The contents of the burst counters in the output control element are labeled
G/G burst time count, G/A-TD burst time count, and TTY burst time count. 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 control element. When this level is up,
it indicates search time for the pertinent storage section.

These levels are labeled search-G/G, search G/A-TD, and search-TTY.
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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 storage
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 register 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 mes-
sage in a burst must be modified before it can be transmitted. The G/G and G/A-TD mes-
sages are modified by 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 simulates several TTY
transmitters and sends a TTY message at the rate of 60 words per minute to a tele-
phone TTY channel. For these reasons, the forms of the output messages are modified
to a serial form and transferred 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 sec-
tion. I a parity error is detected, an alarm pulse is generated by the storage section.
This alarm pulse is sent as a G/G-alarm, G/A-TD alarm, or TTY-alarm pulse to
the output control element. This element produces an output-alarm level that is sent to
the maintenance 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 andthe 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 operations of the Drum System are received by the output
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storage element from the output control element. In addition, the timing pulses re-
quired to transfer the output messages from the output storage element at the proper
rates are also received by the output storage element from the output control element.

SUMMARY QUESTIONS

1. Name the two elements that make up the Output System.
2. List 4 functions of the Output Control Element.

3. List the 6 storage sections in the Output Storage Element.
4., How many OB fields are there in a duplex system?

5. Can OB be read normally from the OD side, when being written on by the CD
circuitry ?

6. When a full OB register is found on the OD side, what will be written in the
CD status channel ? Explain.

7. Fill in the blank portions of the following program so that 100 words will be
written on even registers of OB from core memory locations 5100 through 5177.

LDC A
SDR(B) C
WRT D

8. Which one of the following OB status combinations is not possible:

A, CD-1, OD-1
B. CD-1, OD-0
C. CD-0, OD-1
D. CD-0, OD-0
E. None of the above.

9. What is the duration of the ‘‘shift pulses’’ as used in conjunction with tape
cores?

10. List two advantages of tape cores as storage devices with comparison to flip-
flops.

11. Which bits of the drum word contain the burst count ?
12. Which bits of the drum word indicate the section address?

13. How many slots are there in the G/A-TD storage section?
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14,
15.
16.
17.
18.
19.

20,

How many words per G/G Slot?

How many commands per TTY word?

At what OB time do we read information off the OB drum?

What addresses are illegal for all output sections?

How many words make up a G/G message ?

Drum words are read by the output buffer register ata ___ kilocycle rate.

To ‘‘readout’’ a ferrite core in the Output System, the core is switched to a

21.

22.
23.
24.

25.
storage

26.
section.

What parity is assigned for each word stored?
a. G/A-TD, Single Channel
b. G/G
c. TTY
d. G/A-TD, Dual Channel
What is the time from OD4-13 to OD2-13?
What is the time from OD2-91 to OD2-917?

There are a total of burst time counters locatedin the output element.

Search Time is the interval of time that information can be written into the
section. (T/F)

A parity check is made when the information is transferred out of the storage

(T/F)
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CHAPTER 2: OUTPUT CONTROL ELEMENT, DETAILED ANALYSIS
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 element
and then to the transmission facilities. In addition, the output control element, upon
request, sends burst count information (essential for the computer program) to the
Central Computer System and performs specific tests on the Output System. The tests
include both Bystem 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 control 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 intelligence 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 portion 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 transferred 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 entered into the
output storage section.

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

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 output test
equipment sections. Note: Refer to Figure 2-1.
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Figure 2-1, Output Control Element, Block Diagram

q a. The QB drum section receives a drum word from the LOG drum OB fields

in parallel form, tests the pa of the word, examines its addresses and burst number,
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 storage section
the right-half drum word (intelligence portion of the word) should be sent. It also gen-
erates 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.

B b. The output_comiputer section transfers the burst counts of the G/G, G/A-TD,
and TTY burst counters to the Central Computer System at the latter’s request. 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 func-

tion, the output computer section generates some, and distributes all, fimipg pulses used
&uf System. —

for controlling operations in the

pr— g

C c. The Lutput_alarm section stores information regarding the status of several
alarms and displays the sta of these alarms by peon indicators. It also displays the
drum word bits and certain test operations on neon indicators an catorlamps. These

indicators are located on th int les and t unit test pane
ndicator, n the maintepance consoles and gutput uni panelg, W u-
P d. The output test section, which is anintegral part of the output control element,

is used to perform programmeéd computer and unit tests within the Combat Direction
Central.
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Two types of loop tests are provided for the Output 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 System test equipment effects the modification of information paths to form
the test information on path required for the test undertaken; i.e., unit test or computer
test.

A description of the logical operations performed by the four sections com-
prising the output control element is included in the following text. The block schematic
diagrams used have been simplified by the exclusion 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.

Detailed Analysis of the Output Buffer Section
1. Operations Performed

The output buffer section of the output control element 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.
. Decodes the output section and register address in the output word.
d. Checks the legality (correctness) of the output sectionand 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 over-all action per-
formed by the output buffer section in processing and accepting or rejecting the word.

Note: Refer to Figure 2-2 and Figure 2-3.
2. Drum Word Entry
a. 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 parity 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. Theleft drum word (bits
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LS to L15, inclusive) consists of the output section address, the output register address,
and the burst number. The addresses denote the output storage section and register
to which a right-half drum word is assigned; the burst number determines the time and
sequence of transmission of the associated right-half drum word. The remaining drum
word is a parity bit.

b. 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 register 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 ap-
proximately 7.9 usec 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 usec 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 OD1), 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 equip-
ment section (Figure 2-2). The STD’s initiate preparations for the transfer of a word
into one of the storage sections, should it be accepted. The parity gates, which are in
the same location as the right-half word register, 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
functions.

c¢. Burst Number Register

The burst number register temporarily stores bits L8 to L15 of the drum
word. The assigned burst number can have a maximum of eight binary digits, and
therefore 256 possible variations. The number of possible variations (different pos-
sible burst numbers) must be large enough to ensure that all bursts within a program
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 and L15 are inserted in the register at the same time
that the other bits of the drum word are placed in their respective registers. As in the
case of the right-half drum word register, the burst number flip-flops are cleared ap-
proximately 7.9 usec later. During this interval, both the 1 and 0 outputs are made
available to the parity gates, whichare inthe same location as the burst number register,
and to the burst counter compare circuits. This permits the parity check and burst
number comparison operations to be conducted. The burst number comparison operation
consists of comparing the burst number of the drum word with the contents of the
burst time counter in the output control element. Therefore, the contents of the counter
indicate the burst number of the drum word which should be stored next. If the drum
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word which has been entered does not have the right burst number, but if all other in-
formation 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 generated to accomplish this opera-
tion,

d. Section Address Register

Binary digits LS to L2 of the drum word constitute a binary coded message
that designates the section address. This address denotes the specific output storage
section in which the associated right-half drum word is to be stored. At present, there
are only three output storage sections (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 three addresses are assigned, an error exists if one of the
other five addresses is called for by the coded message. The illegal section address
detection circuit 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 section address decoder. The
latter decodes the information contained in bits LS through L2 to produce a signal level
on one of the three 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-address pulse if the decoded section address indicates
one of the five 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 to cause a drum word which has an illegal section address, and is there-
fore 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 approximately 7.9 usec after entrance of the bits. This
clears the register.

e. ‘““‘Register Address’’ Register

Binary digits (bits) L3 to L7 of the drum word constitute a binary coded mes-
sage which designates the register address. This address denotes the specific register
within a storage section in which the associated right-half drum word is to be stored.
At present the G/G and TTY storage sections use 25 storage registers; and the G/A-TD
storage section, 12 registers. A 5-bit code isused which furnishes 32 distinct addresses.
Therefore, there are seven unassigned register addresses each for G/G and TTY,
and 20 unassigned for G/A-TD. It follows that if the 5-bit register address designates
an unassigned storage address for the storage section designated by bits LS to L2, the
register address is in error (illegal). This error is detected by the illegal register
address detection circuit. 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 illegal-section-address pulse. The illegal register
address detection circuit uses only the signal levels from the 1 side of the flip-flops.
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A simplified logic diagram of the address register is shown in Figure 2-17.
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 registers address decoder decodes the message contained
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 (Figure
2-2) and produces control which directs the right-half drum word to the assigned register
in the assigned 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.

f. Parity Register

The 33rd binary digit, designated P, is inserted in the drum word at the
Central Computer System for parity 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 (Figure 2-8).
The parity register and gates are in the same location. For a detailed discussion of the
parity checking operation, refer to paragraph 4, page 70.

PARITY 8IT FROM 0B ORUM - P

PARITY
GATES

FF REGISTER CLEAR CONTROL CLEAR I L
3..0)

FF

Figure 2-8. Parity Register (3.1.1),
Simplified Logic Diagram

g. 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 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). Re-
ferring to Figure 2-9, it can be seen that the application of the clear pulse is dependent
upon GT 1 and GT 2 being conditioned. The conditioning level that is applied to GT 1 is
a not-error level (+10v) which is always present at this gate in normal operation.
However, 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.
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BITS PUT

SECTION REGISTER WORD IN STATUS

PARITY ADDRESS ADDRESS BTC IN SEARCH  DISPOSITION CHANNEL
OK OK OK OK Yes Afcepted 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 lllegal OK OK No Lost 0
OK OK Hlegal OK Yes Lost 0
OK OK llegal OK No Lost 0
OK OK OK Bad Yes Saved 1
OK OK OK Bad No Saved 1
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This relay is energized only during a unit loop test. Therefore, during normal operation,
all of the OB register flip-flops will be cleared 7.9 usec 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 register flip-flops from being cleared except by manual opera-
tion. 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 preventing 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 are made to contain the test word. When this occurs, and depending upon the-
section that is under test, an add-12 (G/A-TD) or add-25 (G/G and TTY), level will
be applied to condition GT 2. Conditioned GT 2 will then pass an OD 4 + 0.4 pulse to
end the test word read-in operation.

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
possible for the drum word to remain in the registers longer than this period.

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 output
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.

3. Checking Drum Word for Acceptance
a. Acceptance Requirements

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

(1) Correct parity

(2) Correct section and register address

(3) Correct timing (section must be in search)

(4) Favorable comparison between the burst number and the contents of the
burst counter

I a drum word has either incorrect parity, an illegal section address or
register address, or incorrect timing it is not accepted by the Output System and is
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erased from the OB field. If all conditions for acceptance 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 parity and correct address have caused the
generation of a no-compare pulse. If the burst number does not compare 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 assigned 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, 80 a no-compare pulse is generated. On the other hand, if the burst
number compares with the contents of the burst counter, and readout is taking place
(incorrect timing), there has been a programming 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 ubove are satisfactorily met, the
output word (right-half word) is transferred to the storage section and register indicated
by the respective addresses.

b. Acceptance Checks Made in Output Buffer Section

A summary of the conditions for acceptance or rejection 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
number 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 (Figure 2-2) of the output buffer section. This circuit then examines the re-
sults of the checks and proceeds to accomplish one of the following functions:

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

(2) Generates a no-compare pulse and rejects the drum word if only the
burst number fails to check.

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

4, Parity Checking
a. 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 number 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
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thus remains odd. Should the total number of 1’s be even (before insertion of the parity
bit), a 1 parity 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 System
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 not 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 probability 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 the drum word parity described
above. More detailed information concerning output word parity is given in paragraph d.

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.

b. 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 (Figures 2-2 and 2-10). The parity gates
operated by all the flip-flop registers are connected serially, and the application of the
test-parity pulse at the beginning of the series connection produces a check of whether
the complete 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 received 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 whichpassesan OD 1 + 1.9 usec pulse as the test-parity-
even pulse. A sampling of the parity gates then follows to determine drum word parity.
At the completion of the parity check, a parity-OK or parity- NG pulse will be generated
at approximately OD 2 + 0.8 usec to clear the flip-flop, deconditioning 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 multivibrator
produces a negative output level of 100-ms duration before reverting to its normal
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positive level. This inhibits the passage of test-parity pulses and causes the OB drum
to be cleared.

During an Output System test operation, the flow of drum words from the
OB fields to the output control element is temporarily halted by the inhibiting action
of a stop pulse manually generated inthe output test equipment section and sent to the read
circuits of the OB fields. Therefore, during a test operation, output 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 contain old data and will be destroyed.

Destruction of these drum words is accomplished inthe output control element
by accepting all 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 restartpulse, 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 interval, successive drum words
are loaded into the flip-flop register and approximately 7.9 usec after each drum 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, successive clearance of the flip-flop register destroys the drum words. Approxi-
mately 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 during test.

¢. Drum Word Parity Gates

The drum word received from the OB drum is subjected 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 0 outputs of the register flip-flops serve as conditioning
signals for the parity gates (Figure 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 + 1.9 usec). Assume that flip-flop R15
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of the right drum word register is set in the 1 state. 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 conditioning of GT 1 resulted from the 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 pro-
cedure to the following stage, the odd pulse then simultaneously 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, re-
spectively. The parity-OK pulse, if generated, goes to the read-in control of the read-
in section (Figures 2-2 and 2-11). Briefly, a parity-OK pulse is necessary 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, depending upon which is generated,
goes to the illegal address detection section. Briefly, the pulse that is present is used
as a pulse 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. 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 paragraph b.

d. Output Word Parity Generator
\____‘M______,__,,,. e

Since the drum word does not remainintact beyond the output control element,
the drum word parity bit cannot be used as the storage word parity bit. Therefore, 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 equip-
ment. 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.

In normal operation, relay Kl is de-energized (Figure 2-12); also the

flip-flop is cleard 7.9 usec after each word is read into the OB register. The par-
ity checking pulse (OD 1 + 1.9) emanates from the last parity gate of the right half
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drum word (RS) as either a parity-odd or parity-even pulse to strobe the gate. This
pulse occurs 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 maintaining 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. Whena G/A-TD wordis 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 necessity,
slightly different; however, even storage word parity for all sections other than G/A-TD
(which has odd parity) will be maintained. Since the AN/FSQ-8 uses only a G/G and a
TTY storage section, the operation of the output parity generator circuit differs some-
what from the previous description.

5. Decoding
a. Need for Decoding
Previously, it was mentioned that each right-half drum word has associated
with it a storage section address 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 des-
tination. Further, each word falls into a particular slot. A slot is a group of registers
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within a storage array that feed one telephone 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 below.

b. Section Address Decoder

The input signals to the section address decoder consist of the three address
bits from the section address register flip-flops. 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 sep-
arate AND circuit. When all three inputs to one of the AND circuits are simultan-
eously positive, a select-section level is fed to the read-in control circuit. Select
sections 2, 3, and 5 represent the G/G, TTY and G/A-TD sections, respectively. Num-
bers 0, 1, 4, 6, and 7 are presently unassigned since present plans call for only three
output sections. Therefore, a binary code corresponding to these numbers (illegal
sections) constitutes an error in the section address. If a select-section-0, 1, 4, 6, or
a select-section-7 level is produced, it is sent to the illegal section circuit and thence
to the alarm control circuit, whereupon an illegal section alarm is generated. The
possible binary codes and their respective section assignments are shown in Table 2-2.

The AN/FSQ-8 section address decoder is basically the same as that de-
scribed above except that only two section addresses, G/G and TTY (010, 011, re-
spectively), are legal. Therefore, the other section address numbers 0, 1, and 4 through
7 will be decoded as illegal sections.

BINARY CODE SECTION

(INPUT) SELECT ASSIGNMENT
LS L1 L2 SECTION (OUTPUT)

0 0 0 0 Illegal section

0 0 1 1 Illegal section

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 Illegal section

1 1 1 7 Illegal section

Table 2-2. Section Address Assignment
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c. Register Address Decoder

Each right-half word entering the Output System has as associated register
address in binary code. The address consists of five bits with 32 possible combinations.
A decoding operations is then necessary to produce one signal corresponding to each
5-bit address (Figure 2-14).

Bits L3 to L17 are applied to the decoder from the register address register
flip-flops. Two of the five bits (L3 and 14) 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 +10v level is produced on the line which corresponds 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. Register addresses 0 through 24
are passed to the STD’s whereas register addresses 25 through 31 are designated un-
assigned. The G/A-TD storage section uses register addresses 0 through 11; the G/G
storage section, addresses 0 through 24; andthe TTY storage section, register addresses
0 through 24. Note that register addresses O0through 24 are sent to the slot detection net-
work and that addresses 12 and 25 are sent to the OB register clear control circuit.
The register assignments are given in Table 2-3.

d. Slot Detection, Circuit Description
Note: Refer to Figure 2-15.

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/G and G/A-TD output storage
sections to determine how many registers in each slot are 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 a G/G or G/A-TD word appears which has a register address
corresponding to this slot. This is known as slot detection. The G/G slot levels are
developed as the outputs of five 6-way OR circuits; each OR circuit produces an output
for each register address introduced from the register address decoder. One G/G
storage section has 25 registers divided into five slots. Consequently, only register
addresses 0 through 24 are required to produce G/G slot signals 1 to 5. Hence, five
+ 10v slot levels are required for each G/G slot (one +10v 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/Garray were filled with information, 25 +10v levels
would be generated, indicating that 25 registers are filled and ready for transmission.

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
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Table 2-3. Register Address Assignment

readout begins, to check the completeness of a G/G message, if any, in each message
slot. If a G/G message slot is not filled by the time G/G readout is to take place, that
message is considered 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 a G/G message from being sent to the telephone lines if
the clear-G/G-CMSR signal arrives at the slot detection OR circuits before all the
registers in a slot have been filled.

Although the register addresses for all six storage sections enter the five
OR or G/G circuits, the signals are rejected from the completed message shift register
unless the shift pulse from the shift-completed message shift register pulse generator
(Figure 2-15) is also sent to the completed message shift register. Since this pulse is
sent only if the section address is G/G, if the burst number compares with the G/G
burst counter, and if G/G search time is in progress, the completed message shift
register responds to the slot signal only if a G/G word is to be entered.

The operation of the slot detection circuit for G/A-TD is the same as that
described for the G/G storage section except that G/A-TD has only three slots. Also,
a G/A-TD word whose register address is 0 through 3 produces a G/A-TD slot 1
pulse; register address 4 through 7, a G/A-TD slot 2 pulse; and register address 8
through 11, a G/A-TD slot 3 pulse.

6. Illegal Address Detection
a. 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.

b. Illegal Section Address Detection
Of the eight possible storage section addresses, only three (sections 2, 3,
and 5) are presently used. Consequently, the presence of section address 0, 1, 4, 6,

or 7 is indicative of a section address error. An error in a section address is detected
by means of the illegal section address circuit (Figure 2-16). The detection i8 accom-
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plished 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, the no-compare pulse
generator. A no-compare pulse cannot be generated if there is an illegal-section level
(+10v) present.

c. Illegal 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 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 applies 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 assign-
ment table (Table 2-3), bits L3 and 14 are both 1’s only for register addresses 25
through 31. However, only for register addresses 25 through 31 is there a 1 for LS5,
L6, or L7. Therefore, only for register addresses 25 through 31 does the AND circuit
produce a +10v 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-TD storage section uses register addresses 0 through 11. Referring
to Figure 2-17, the AND 2 circuits will produce a +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 3 circuit will pass a +10v level when the select-section-5 level is present and
when register address bits L4 and L5 are 1’s. These bits will both be 1’s for addresses
12, 13, 14, and 15, thereby making them illegal. Therefore, a +10v illegal-address
level will be produced by either AND 2 or AND 3 for addresses 12 through 31.

The three AND circuits feed an OR circuit. Therefore, if any of the AND 1, 2,
or 3 circuits passes an illegal-register-address level, the OR circuit will pass this level.
This conditions a gate which then passes anillegal-address pulse derived from either the
parity-OK or parity-NG pulse. Inthis way, the illegal-register-address pulse is generated
after the parity check is made and isindependent 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 generated if there is
an illegal-register-address +10v level.
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Figure 2-16. Illegal Section Address Detection
(3.1.1), Simplified Logic Diagram

7. Storage Element
Note: Refer to Figure 2-18.
a. 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 address, register address, and
storage array slot. Moreover, 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 generator 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 prevents entrance of a right-half drum word which does not con-
form 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 +0.4 (OD 4 pulse delayed 0.4 usec). A drum word is
received by the OB register from the OB fields at OD 1 time. Between this OD 1 time
and the following OD 2 time, the operations mentioned in the preceding text occur.
The right-half drum word, output storage 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.
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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:

(1) The selected storage section.

(2) The result from each burst counter of the comparison between the burst
number and the contents of the burst counter.

(3) The presence of search or nonsearch time in each storage section.
(4) The result of the parity count.

I a storage section is selected and the burst number 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 storage 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 receive data during readout. The read-in control
circuit is informed of the portion of a burst period in progress in each of the three
storage sections.

OUTPUT PARITY > SET HALF-WRITE
RIGHT DRUM WORD CURRENT

- ———
REGISTER ADDRESS DRIVERS GENERATORS OUTPUT STORAGE ELENENT

3.1.1-2
3.1.1-3

PARITY O K
NON-SEARCH v
SECTION DECODER ——l NO-COMPARE
PARITY OK READ-IN CONTROL PULSE .
BURST COUNTER 3)-3 GENERATOR—" 08 DRUM
(SEARCH TIME) 3.1.1

Figure 2-18. Read-In to Storage Element, Simplified Logic Diagram

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 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.

85



If there are no errors in the drum word, but the burst number does not
compare, the drum word is assumed 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 produce 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, al-'

though 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 non-
search condition exists, while at the same time the burst number compares, the gen-
eration of a no-compare pulse is suppressed. Thus, whenever 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 prevents 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 preventing 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 acceptance 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) three inhibit pulses are generated by the
read-in control circuit and sent to 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 usec 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 current 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 pro-
duced in the read-in control circuit at OD 4 + 0.4 time. This reset level is applied
to the CCD’s of the selected storage section and shifts the data to the selected address
of the selected storage section.

b. Read-In Control

Note: For an over-all block diagram of read-in control cir-
cuits, refer to Figure 2-19,

The read-in control circuit gathers the data that is necessary for the ac-
ceptance 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 acceptable, 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 four parts. Those portions of the

read-in control circuit that are associated with the G/G, G/A-TD, and TTY drum words
form three of the four parts. The remaining part is that which is common to all three.
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The. G/G, G/A-TD, TTY, and common parts of the read-in control circuit are discussed
separately, followed by a summary of their combined operatinn.

The action of the G/G read-in control can best be understood by referring
to the simplified logic diagram (Figure 2-18). The G/G read-in control operations are
dependent upon six levels; search-G/G, compare G/G, select-section-2, not-search-G/G,
and either shift-phase A or shift-phase B. The select-section-2 level is received from
the address decoder, and when up, indicates that the drum word in the OB register is
addressed to the G/G storage section. The search or not-search and the shift-phase A
or B levels originate in the G/G storage sections. The G/G compare level, when up,
informs the G/G read-in control that the burst numbers of the drum compare with the
G/G burst counter. The two levels, search-G/G and not-search-G/G, are up alternately.
A positive G/G search level denotes that search time for the G/G storage section during
the current G/G burst period is in progress and data may be read into its select array
(A or B). However, when the not-search level is up, it indicates that read-out time for
the current G/G burst period is in progress and data cannot be read into either G/G
storage array. As G/G has two arrays, one of which is being read into while the other
is being read out of, the non-search level is up for a very limited time as compared
to the search level. The two levels, shift-phase A and shift-phase B, also originate
in the G/G storage section. These two levels are alternately up and indicate which
array is to be read out of during the current burst period. Notice that the shift-phase
A level is applied to the G/G-B read-in control circuit, and the shift-phase B level is
applied to the G/G-A read-in control circuit. Thus, when the select-section-2, search-
G/G, and compare-G/G levels are up coincident with the shift-phase B level, a reset
G/G-A pulse is generated in preparation for reading into G/G matrix A. The polarity
of these six levels establishes the basis for acceptance or rejection of data for the G/G
storage section and governs the action of the G/G read-in control. Three groupings of
the six levels are:

(1) Select-section-2, compare-G/G, search-G/G, and shift phase A or B
levels are up.

(2) Either the select-section-2, compare G/G, or the search G/G level is
down. Shift phase A or B will be up.

(3) Select-section-2, compare-G/G, not-search, and shift phase A or B
levels are up.

Should the select-section-2, compare-G/G, and search G/G levels be up
simultaneously, it is an indication that the word is acceptable to the G/G storage section,
The array of actual read will be determined by the presence of either the shift.phase A
or shift phase B levels from the G/G storage sections. Only one of these levels may be
present at a time. This word will be accepted provided the above conditions exist and
there has been no illegal section, illegal address, and parity is OK. A select-search-
compare-G/G level is produced to condition GT 3 which is used in conjunction with the
CMSR circuitry in the G/G storage section. The select-search-compare G/G levels
in conjunction with a shift-phase A or B level is applied to either GT 1 or GT 2, as
determined by the shift-phase level present. Assuming the presence of the shift-phase A
level, GT 1 and I 1 would be conditioned. At OD 2 time, GT 4 and GT 5, as well as
similar GT’s from all other sections, are strobed. As I 2 is not conditioned, it will
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have an output of +10 volts to condition GT 4. Similar GT’s in all non-select sections
will also be conditioned by their inverters not being conditioned (selected). The OD 2
pulse will be passed by GT 4 (and other non-selected GT’s) to set the current generator
FF’s of all non-selected arrays, thereby generating RID inhibit current to the CCD’s
of the non-selected arrays. The RID’s for the selected array (G/G-A) will not be con-
ditioned and therefore the G/G-A CCD’s will not be inhibited. The Set-Pulse FF will
be set at OD 2 + 1.2 usec. (Parity OK, OD 2 + 0.8 usec, Delayed .4 usec.) The set-pulse
FF will condition the STD’s. Upon being conditioned, the STD’s attempt to write the
output word (RHW + Parity) into all arrays. Only the selected array (G/G-A) may be
written into, as all others are inhibited through the action of their RID’s being turned
on. If the select-section-2, compare-G/G, and not-search levels are up, a missed
(non-search) condition exists. This signifies that the word in the OB register is missing
from the G/G burst that is to be transmitted in the subsequent burst period.

The levels which originate in the G/G storage section 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 array
is being read out. Consequently, output words can be written into the other array. Thus,
when the select-section-2, search-G/G, and compare-G/G levels are up coincident
with the shift-phase B level, a reset-G/G-A pulse is generated 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 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-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.

Refer to Figures 2-21 and 2-22,

The common read-in control functions when a select-search-compare G/G-A,
G/G-B, G/A-TD-A, G/A-TD-B, or TTY level is present (Figure 2-22). One of these
levels passes a 5-way OR circuit and is applied to GT 1, GT 2, and the no-compare
pulse generator.

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 half-write current generator. Similarly, GT 1 is sensed by an OD 2
pulse which is passed and sent to the G/G, G/A-TD, and TTY read-in sections as an
inhibit (OD 2) pulse.

Missed-word levels from the three storage section read-in control circuits

are sent to a 3-way OR circuit in the common read-in control. Any one of these levels
will pass and be supplied as non-search levels to both GT 3 and the no-compare pulse
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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 sup-
pressing 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
over-all action of the read-in control circuit can best be described by considering the
case of a G/G word. Assume that the select-search- and compare-G/G levels are up;
with this condition present, the other sections find the word unacceptable, and, conse-
quently, their select-search-compare levels are down. However, the G/G read-in control
finds the word acceptable. As a result of the positive select-search-compare-G/G level,
an inhibit (OD 2) pulse is generated by the common read-in control. This pulse, under
the existing conditions, prevents the output data from being transferred to the G/A-TD
and TTY storage sections.

The next step of the common read-in control is to pass (1.2 usec later)
a set pulse (OD 2 + 1.2) which will set the set-pulse flip-flop, causing a level of +10v to
be generated for 3.8 usec (OD 2 + 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/G 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 5 usecs inhibit level. A reset-G/G pulse is generated by
the G/G read-in control 4.2 usec later (OD 4 + 0.4). The reset-G/G pulse causes the
transfer of the data from the half-write current generators (CCD’s) to the G/G storage
array, terminating the read-in.

c¢. 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 during the next drum cycle. In this manner, a word may
be stored until the time it is scheduled to be transmitted; 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:

(1) Nonsearch level when burst number compares (missed word).

(2) Dlegal section.

(3) Illegal register.

(4) Search-select-compare.
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Figure 2-23. No-Compare Pulse Generator (3.1.1-3), Simplified Logic Diagram
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(5) 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
coincidentally absent (assuming correct parity). The presence of any one of these
signals automatically inhibits the production of a no-compare pulse.

Gate 2 passes a no-compare pulse only if the following conditions are present:
(1) Select-search-compare down (-30v).

(2) No missed word.

(3) Legal address.

(4) Legal section.

(5) Parity OK.

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 bringing the select-search-compare level
down (-30v) in any other way will result in acquiring 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,
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 combinations
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:

(1) 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 System when the assigned burst number does not compare
with the burst count.

(2) Second, it is not desired to retain a word associated with incorrect
parity, illegal register or illegal section address. Consequently, a no-compare pulse
is generated only when parity is correct and the section and register addresses are
valid.
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(A 0 INDICATES ABSENCE: A 1 INDICATES PRESENCE)
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Table 2-4. Tabular Summary, No-Compare Pulse Generator

(3) 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 Figure 2-23.) The stop pulse
is generated when either parity-NG, illegal-section, or illegal-register signals exist.
This enables an incorrect word to be retained on the drum for further examination.

8. 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, the
STD circuit, shown in Figure 2-24, delivers signals 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 included. These outputs are produced only when these 1’s appear
at the same time as a setpulse from the read-in control circuit. (See Figure 2-22,) It will
be recalled that the set signal is generated by a word accepted 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
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current generator 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 transferred from the STD’s to the half-write current generator.
The generation of these busy bits is made possible 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 TTY storage section.

Provisions are made for register addresses 0through 24, representing the maxi-
mum number of registers 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 in the following paragraphs.

9. 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 output storage section to cause storage of a word in the matrix.

a. Flip-Flops and Reset-Inhibitor Drivers

The current generator is discussed from the standpoint of the current gen-
erator 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 deliver the required inputs to the reset-
inhibit drivers (RID) which, in turn, deliver currents required by the current generator
matrix, Functionally, a RID is capable 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 state or an
inhibit signal to prevent a core from being changed from O to 1. It is important to note
that a 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 O sides are up. Under this condition, there is no current out of the RID’s and the
half-write current generator cores (Figure 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 corresponding 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 prevents a 1 from being set into
a core by the STD. A 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 appropriate output storage array.
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Figure 2-24. Set Drivers (3.1.1-2), Simplified Logic Diagram
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Figure 2-26. Half-Write Current Generator Matrix (3.1.1-3),
Simplified Logic Diagram

b. Core Current Drivers

The half-write current generator matrix consists of 48 vertical columns and
12 horizontal rows of tape core current drivers (CCD). 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 five of the
12 rows are in use, one each for 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 the vertical column bring the bits of the right drum
word, the associated register address of that word, the output parity 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 in-
formation being read in, whereas the other cores are prevented from changing state.
That is, only in the selected section 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

98



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 storage
element from each CCD are not shown in Figure 2-26.

¢. Timing Cycle

To illustrate how the half-write current generator functions, consider the
case for a G/G-A 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 + 0.4. The STD’s pass their information
along to the CCD’s of the half-write current generator OD 2 + 1.2 and OD 4. (See
Figures 2-24 and 2-27.) (This assumes that all conditions are favorable for accepting
the word.) Since the section selected is G/G-A, 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/G-A flip-flop, the 0 side
of this flip-flop is up. Therefore, there is no current from the RID associated with this
flip-flop. On the other hand, the other RID’s deliver inhibit currents to the CCD’s as-
sociated with 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 Figure 2-25.) Actually, only the RID’s which
were inhibited change back to the 0 side up, since the uninhibited RID (G/G-A, 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 assures
complete inhibiting. Because of the inhibiting action, no information is placed in the
CCD’s corresponding to the sections not selected.

During the interval discussed above, the G/G-A 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 + 0.4 to OD 1 + 1 and represents a reset signal.
(See Figures 2-18, 2-25, and 2-27.) No other information is being fed into the CCD’s
during this interval. The G/G-A reset signal clears the G/G-A CCD’s to the O state,
causing the temporarily stored data to be read into the G/G-A storage matrix in the
output storage element. The CCD’s are then all in the O state, prepared for the receipt
of another word. It should be noted that the OD pulse times mentioned in this dis-
cussion are approximate, since considerations such as cable delays and rise and fall
times of the circuits were not taken into account.

All the RID flip-flops are cleared at OD 1 + 1, 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.
Output Computer Section, Detailed Analysis
Over-all block diagram of the Output Computer section is Figure 2-28.

1. General
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Figure 2-27. Half-Write Current Generator Timing for G/A-FD Word,
Functional Representation

The Central Computer System must have access to the burst counts of current
burst periods. The burst counts are contained in periodically stepped burst counters
in the output control element and represent the burst numbers of current burst periods.

The transfer of the burst counts to the Central Computer System is accom-
plished in the output computer section of the output control element upon request by
the Central Computer System. In addition, the output computer section generates various
timing pulses used for controlling numerous operations throughout the Output System.

2. Burst-Count Selection and Transfer

Refer to Figures 2-29 and 2-30.

a. General
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The selection of burst counts and their transfer to the Central Computer
System is the function of the output computer section. The contents of each of the
three burst counters 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 Figure 2-28.)

b. 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 are transferred to the Central Com-
puter System. A burst-time count read cycle is initiated upon receipt of a select-and-
read pulse from the Central Computer System. The burst-count selecting counter is
then stepped at the rate of 100,000 pps (every 10 usec), causing successive 3-bit binary
codes to be generated. Each code selects a different burst counter contents to the
Central Computer System. After five codes have been produced, the contents of the three
burst counters are in the Central Computer System (codes 000 and 011 are unassigned).
The burst-time selecting counter then receives a disconnect pulse from the Central
Computer System terminating the burst-time count read cycle.

The selecting counter control generates the stepping 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 2-30,
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 (Figure 2-30) either a disconnect signal of selecting-counter-equals-
eight pulse is applied to the OR circuit, FF 1 is cleared. Gate 1 is conditioned and the
next OD 3 pulse is passed, clearing FF 2, The O 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 Figure 2-30.)

Refer to Figure 2-31.

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 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 seven. The
counter-equals-seven pulse is sent to the selecting counter control, 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-seven pulse, the counter is
cleared at that time.
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Figure 2-30. Selecting Counter Control (3.1.2), Simplified Diagram

Although the burst-count selecting counter is a scale-of-eight, its scale
is controlled by the Central Computer 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 three storage sections are em-
ployed, which utilize only three burst time counters, it would be a waste of time to
allow the selecting counter to count 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 disconnect pulse after receiving the number of burst-time counts desired, which may
be one or more. For example, there are three storage sections in the output storage
element. After five stepping pulses from the selecting counter control, the burst-count
selecting counter is equal tofive and the burst count from each of the three burst counters
has been sent to the Central Computer System. The five stepping pulses have been sent
to the Central Computer System as break-request pulses (Figure 2-31), 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 transferred. When
the counter in the Central Computer System counts the number of burst counts desired,
it generates a disconnect pulse. The disconnect pulse causes the burst-count selecting
counter to be cleared thus ending a burst-time counters read cycle. The select-and-
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Figure 2-31. Selecting Counter (3.1.2),
Simplified Logic Diagram

read OD 1 pulses (Figure 2-31) 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.

¢. Selecting Counter Decoder

The selecting counter decoder receives the 3-bit binary combination from
the burst-count selecting counter. For each binary code a signal to select a particular
burst counter is produced and sent to the burst-time count switch.

As shown in Figure 2-32, the selecting counter decoder is composed of
three 3-way AND circuits. The three inputs to each AND circuit constitute a different
3-bit binary code. Therefore, for each binary code received, an output level is pro-
duced by one of the three AND circuits. Only three levels are presently used. They
are select-G/A-TD, select-G/G and select-TTY.

104



. BURST

SELECT BURST COUNTER G/A-TD <} COUNT

8 oo ® [ SWITCH
(3.1.2)

a SELECT BURST COUNTER - UNASSIGNED

oin

SELECT BURST COUNTER TTY
{o10)

BURST o
COUNT 2
SELECTING ﬁ BURST
COUNTER SELECT BURST COUNTER 6/G o | count
(3..2) 8 ® > SWITCH
{oot) (3.1.2)
52
El
a @ UNASSIGNED
3° {000)

Figure 2-32, Selecting Counter Decoder (3.1.2),
Simplified Logic Diagram

The first binary combination received by the decoder is 000 which is not used
and will not condition any circuit. This is followed 10 usec later (time OD 1) by binary
combination of 001 that causes a select-G/G-burst-counter level to be produced by
AND circuit 2. The third binary code that is received 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-counter 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 received 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.

d. Burst-Time Count Switch

The burst-time count switch contains the current count of each burst counter.
It furnishes, through the burst-count readout process, the current contents of each
burst counter to the Central Computer System. For purposes of discussion, the burst-
count switch is divided into two parts, the burst selector and the computer gates. The
burst selector is that part of the burst selector switch which is connected directly to
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the burst counters. The burst selector is subdivided into three parts: 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 Figure 2-33.)
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Figure 2-33. G/A-TD, G/G, and TTY Burst Selectors
of the Burst-Time Count Switch

The first burst counter selected during a burst-count read cycle is the
G/G-A burst counter. The contents of the G/G-A burst-counter level is applied to the
AND circuits. The G/G-A burst count is then fed to the computer gate.

The TTY burst counter and the G/A-TD burst counters are selected after
the G/G-A burst counter. Their burst counts are also sent to the computer gates as
they are selected. The computer gates transfer the burst counts to the Central Com-
puter System,

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 individually, only one of four lines
applied to any OR circuit is up at any one time. The bits of the selected burst counter
are passed through the OR circuits to condition their associated gates.
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Figure 2-34. Computer Gates of the Burst-Time Count Switch (3.1.1-3),
Simplified Logic Diagram

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 System. 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, During the discussion, refer to Figures 2-30 and 2-35.

Each burst-count read cycle is begun with the reception of a select-and-
read pulse from the Central Computer 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:
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Figure 2-35. Burst Counter Read Cycle, Timing Chart

Functional Representation

(1) The burst-count selecting counter is clear; its binary output is 000.

(2) This binary code is unassigned.

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

counter as stepping pulses, to the Central Computer

and to the computer gates as select-and-read-OD 1 signals.
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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 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 opera-
tions, the first OD 1 pulse labeled select-and-read-OD 1, strobes the computer gates,
as no BTC is conditioned, all zeros are transferred 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 counter 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 usec 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 Com-
puter 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 usec 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 this count has no application.

The fifth OD 1 pulse occurs which steps the selecting 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.

3. Pulse Generator and Pulse Generator Conversion Unit
Refer to Figure 2-36.
a. General
The pulse generator and pulse generator conversion unit produce some
and distribute all timing pulses used in the Output System (Figure 2-36), The pulse
generator consists of several individual circuits which control 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 in the following paragraphs.
b. OD Pulse Distributor
Refer to Figure 2-37.
The OD pulse distribution circuit consists of four gates and four register

drivers (Figure 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.
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Figure 2-36, Pulse Generators (3.1.3), Block Diagram

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 distributed to the output
storage element, the output drum section, the output computer section, and the output
test equipment section.

c. 91-PPS Generator
Refer to Figure 2-38.
The 91-pps generator contains a tuning fork oscillator, a Schmitt trigger,

and a pulse generator (Figure 2-38). The 91-pps generator tuning for oscillator is tuned
to 364 cps which is a multiple (4th Harmonic) of the desired frequency of 91 pps. The
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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
generator 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 Figure 2-38.) Pulses occurring at the rate of 364
pps are applied to- frequency divider A as complementing signals. This results in
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 arrives, it passes through the now-conditioned GT 1. The pulse
cannot pass through GT 2, since FF 2 is clear at this time, but it does set FF 2, con-
ditioning 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 re-
mained with its 1 side up. Therefore, when the fourth 364-pps pulse is applied, both
gates are conditioned 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 the original condition assumed. The action repeats continuously, one pulse passing
GT 2 for every four pulses appliedtoGT 1. It follows that the 364-pps pulses are reduced
to 91-pps (1/4 of 364) at the output of GT 2. The following chart summarizes the action.

364 PPS
Pulse No. GT 1 FF 1 GT 2 FF 2
Original State 0 0
1 1 0
2 Pulse 0 1
3 1 1
4 Pulse 0 Pulse 0

d. OD 91 Pulse Control Circuit

The OD 91 control circuit (Figure 2-38) controls the synchronizing of the
91-pps signals with OD timing pulses. The 91-pps signals, when synchronized with
OD pulses, are referred to an OD 91 pulse. Means are provided to control the gen-
eration of the pulses in the OD 91 control circuit.

The 91-pps pulses are fed to GT 3 which is conditioned by a d-c level
(enable-OD pulses) from the test equipment section. The enable-OD pulses level re-
mains up during normal operating conditions and may be brought down only during
unit loop test. During normal operation, the 91-pps pulses then pass through a series
of logical circuits, are synchronized with OD 4 + 0.4 timing pulses, and produce output
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pulses at GT 4 occurring at the rate of 91 pps (OD 4 + 0.4-91). That is, the output
pulses are OD 4 + 0.4 pulses occurring at the rate of 91 pps. The logical circuit con-
sists 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 + 0.4 pulse will not be passed through GT 4 until the next 91-pps pulse arrives
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 + 0.4 - 91 pulses.

e. OD 91 Pulse Generator

The TTY output storage element requires controlling pulses occurring at
the rate of 91 pps. It is further required that these pulses be provided in three groups:

(1) 91 pps synchronized to occur at OD 2 time (OD 2-91).
(2) 91 pps synchronized to occur at OD 3 time (OD 3-91).
(3) 91 pps synchronized to occur at OD 4 time (OD 4-91),

The above pulses are synchronized in the OD 91 pulse generator (Figure
2-38).

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.

f. 1,300-PPS Generator

The 1,300-pps generator makes up the pulse generator conversion unit
and consists basically of a tuning fork oscillator, a zero detector, and a flip-flop. (See
Figure 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.

The output of the tuning fork oscillator is a continuous 1,300-cps sine wave.
This signal is fed to a data conversion receiver (DCR) which functions in this circuit
as a zero detector. Under this condition, the zero detector provides a pulse every time
the sine wave passes through zero degrees in a positive-going direction. Hence, it
provides continuous pulses at 1,300 pps. These pulses are applied to the 1 side of the
FF 1, The flip-flop converts the negative pulses from the zero detector to the standard
positive level required to condition GT 1. Flip-flop 1 is reset by an OD 2-13 pulse from
the OR circuit. 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.
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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

g. OD 13 Pulse Control Circuit

The OD 13 control circuit (Figure 2-39) functions similarly to the OD 91
control circuit described previously. 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 conditioned 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 + 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 + 0.4 pulse is passed by GT 1,
this gate does not pass another OD 4 + 0.4 pulse until FF 1 is again set by the 1,300-pps
signal, Since 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 + 0.4-13 pulses.

h. OD 13 Pulse Generator

By comparing Figures 2-38 and 2-39, it can be seen that the OD 13 pulse
generator operates similarly to the OD 91 pulse generator,
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i. OD Delay

In order to perform their functions in proper sequence, sections of the
output control and output storage 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 operations. A delayed
pulse is also required for proper operation 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 (Figure 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 located
in the output control element, and to the completed message shift register in the output
storage element.

jo 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
Output System. These pulses are produced as shown in Figure 2-41. The generation
of these pulses is controlled by either of two pushbuttons, one located in the test equip-
ment section and the other at the maintenance 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 write 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 storage element and test equipment section.
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Figure 2-41. Reset Flip-Flop, Reset-and-Prime, and Clear-Alarms
Pulse Generators (3.1.3), Simplified Logic Diagram

A reset flip-flop pulse is also produced by the vacuum 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 at
the maintenance console for clearing output alarm indications at the alarm display.
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k. Reset Drum Status Bit Generator

The reset drum status bit generator circuit shown in Figure 2-42 is used
during a test operation to restore drum status bits into the drum status channels of the
three OB drum fields, thereby causing data information stored on the drums to be re-
tained following a drum readout cycle. This function is particularly desirable for testing
the Output System in that a program is stored and retained on the drums where it can
be read out repeatedly, without the intervention of the Central Computer, to test indi-
vidual storage sections of the Output System.
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Figure 2-42. Reset-Drum Status Bits Generator, Simplified Logic Diagram

This test function is accomplished by activating the NO COMPARE TO
DRUMS switch to energize relay K1 shown in Figure 2-42, Following a drum readout
cycle of the three OB drum fields, and at the completion 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 generated at the completion of the G/A-TD burst time
counter cycle or every 23 seconds (256 x 90 ms or 128 x 180 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 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 re-
tained on the drums in preparation for a subsequent drum readout cycle and without
further intervention from the Central Computer.
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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 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 purpose of this type of test.

Output Alarm Section
1. Introduction

It is necessary to install certain alarms in the Output System to indicate to
maintenance personnel the nature 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/G, G/A-TD, TTY, parity-NG, illegal address, illegal
section, and lost parity.

The output alarm system displays other conditions, as shown in Figure 2-43.
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 dis-
played by neon indicators. Besides this, indicator lamps are included to display certain
test operations.
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Figure 2-43. Output Alarm Section, Block Diagram

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 accepted 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).
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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 occurs when the storage
register address or the section address contained inthe left half-word of the OB register
has not been assigned to an actual section or 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 Figure 2-44.)
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Figure 2-44, Alarm Control Block Diagram

2. Alarm Control

The statuses of the various alarms are stored within the alarm control. (See
Figure 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 indicator 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 +10v 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; this 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 Sys-
tem, in addition to the OB register flip-flops, is affected in the normal manner. It is
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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, particularly the OB register flip-flops. Thus, the word that caused the error is
retained in the register for examination. This is accomplished by the STOP TO DRUMS
switch on the duplex maintenance console which controls 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 parity 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.

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 stoo pulse or a
no-compare pulse passes through an OR circuit and goes to the Drum System. The
puspose 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.

3. Alarm Display (Note: Refer to Figure 2-46)

The purpose of the alarm display is to indicate to maintenance personnel any
malfunctioning of the Output System. The alarm displays (Figure 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 Output System alarms.
Neon indicators are also provided for various registers 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.

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 (+10v) since, at this time, the 1 side is down (-30v).
In order to cut off the firing 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 complex circuit
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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.

SUMMARY QUESTIONS

1. A group of words which are used to make up the output message is called a

2. Why is a Parity NG and a Parity OK pulse used to check for any errors?

3. Why is there an alarm for each section plus others?

4, The drum word stays in the OB Register for approximately.

5. Under what circumstances is a no-compare pulse generated?
6. What is the purpose of the no-compare pulse?
7. There are illegal section addresses.
8. The illegal register addresses for the following sections are:
a. G/G =
b. TTY =

c. G/A-TD =
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9. Which Output Register Addresses are illegal for all sections?

10. What is the function of SS in P,U. 42 AY? (3.1.1-2) (2B)

C
11. All storage sections, except G/A-TD use parity for the output word.
12. A nonsearch alarm for any section, i.e., G/A-TD, G/G, etc., indicates a good
word was received during nonsearch time. T/F
13. The burst-count selecting counter is cleared by a ora
pulse.,

14. The burst time counts that are transferred to C.C. are transferred in what
order?

15, How many BTC’s are there?
16. What could cause the following alarms?
a. G/G
b. TTY
c. G/A-TD
The following questions will refer to the Output Logic.

17. Logic 3.1.1 (3B) open line at 42AVC1. What malfunction could occur?
18. Logic 3.1.1-2 (14A) open line at 42AXA3. What malfunction could occur?

19. Logic 3.1.1 (12D) if P.U. 42CR had an open line at pin J7. What malfunction
would occur?

20, Logic 3.1.1-3 (18C) open at edge connector 42CD3g will result in what mal-
function?

21. Logic 3.1.2 (16D) if 42DDC5 is open, what would result?

22. Refer to Logic 3.1.2 42DN A2 open. What will be the Burst counts transferred

for G/A, G/G, and TTY. Assuming G/ABTC = 82, G/G BTC = 174, and TTY BTC = 6.

23. 42DFF2 is open on 3.1.2. The G/A-TD BTC = 7()8 G/G BTC = 1418, and the
TTY BTC = 278. If all three burst counts are read by the computer, what numbers will
be transferred?
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24, Given the following program, what addresses in core memory will contain
the G/A-TD BTC, G/G BTC, and TTY BTC after halting?

a, SEL (21)======--
b. LDC 1006
c. RDS 5

d. LDC 1005

e. RDS 3
f. LDC 1004
g. RDS 1
h, HLT  ----

124



CHAPTER 3. OUTPUT STORAGE ELEMENT, DETAILED ANALYSIS
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 Sys-
tem and commercial telephone line facilities. Information enters the Output System
from the Drum System at a relatively high rate of speed. By temporarily storing this
information, the output storage section of the output system slows down the rate of
transmission to a frequency that is compatible with commercial telephone line equip-
ment.

Output data is classified into three general categories: ground-to-air time
division (G/A-TD), ground-to-ground (G/G), and teletype (TTY). G/A-TD data is utilized
by airborne interceptors; G/G data is intended for adjacent centrals, higher head-
quarters, missile control, and height-finder radars. Among the possible uses for TTY
data are crosstelling to nonmechanized adjacent sectors crosstelling to higher head-
quarters, and the feeding of early-warning data directly to antiaircraft gun batteries.

The output storage element is divided into three sections to accommodate the
three general categories of output data now being used. (See Figure 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-usec intervals; however, the
words are distributed on the drum fields so that the smallest interval between suc-
cessive words entering a storage section is 20 usec. 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 which enable it
to accept words and transmit messages independently of the other sections. Synchronism
with the Drum System and the output control element is achieved by using the OD drum
timing pulses.

2. Bursts

Each storage section can store and then transmit more than one message simul-
taneously. The simultaneous transmission of all messages stored in a storage section
is called a burst. The three 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 No. of Output Words Bits Per
Message Message Per Message Output Word
G/A-TD 3 4 17
G/G 5 5 17
TTY 25 1 19
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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 assigned 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.

3. Burst Period

The interval during which an Output System storage section receives all mes-
sages of a specific burst and then transfers the burst to transmission equipment is a
burst period. The burst periods of each of the three Output System storage sections
are of different-duration and occur successively. The length of each burst period is as
follows:

Storage Section Burst Period
G/A-TD (Dual Channel) 0.090 sec
.~ G/A-TD (Single Channel) 0.180 sec
G/G 0.070 sec
TTY 0.495 sec

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 in-
terval is made equal to the amount of time required to read all three OB fields, This
search interval is determined as follows: 6,108 drum word registers (2,036 per field)
times 10 usec (interval between successive drum registers) plus 360 usec (120 usec per
field for switching) equals 61.44 ms. Allowing for drum speed variations, search time
for each burst period, except for G/A-TD, is set at approximately 65 ms. The search
interval is approximately the same for two of the three storage sections. The search
interval for G/A-TD ‘is approximately 86.2 ms for dual channel operation and 176.15
for single channel operation.

G/G Storage Section (Figure 3-2)
1. General

The G/G output storage section assembles output words received in parallel
form from the output control element into messages, and then transmits these messages
serially over telephone data channels to specific destinations. These messages are
transmitted at 1,300 pps. A simplified diagram of the G/G storage section is shown in
Figure 3-3.
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Five G/G messages may be transmitted simultaneously during each G/G
burst period. Each message is composed of five output words and is transmitted over
a separate telephone data channel to a specific destination. These messages are of the
following types:

a. Forwardtelling messages to an AN/FSQ-8 Combat Control Central,
b. Crosstelling messages to an adjacent AN/FSQ-7 Combat Direction Central.
c. Height-finder request messages to height-finder radars at radar sites.

d. Messages to unmanned missiles through missile controls.

A parity check is performed on each output word by the site receiving the
G/G message to determine whether the original ccntents of the output word have been
altered by noise affecting the transmission channel. To ensure greater accuracy in the
parity check, the output words in the G/G messages are transmitted in a serial inter-
leaved form. The 17 bits of an output word are therefore spaced five bits apart on the
telephone data channel. Refer to Figure 3-4,
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P-PARITY BIT

SUBSCRIPTS ~WORD NUMBER

Figure 3-4. G/G Message, Serially Interleaved Form

With this manner of transmission, errors in up to five adjacent bits can be
detected by the parity check. The fact that no two adjacent information bits are checked
by the same parity check circuit ensures that double errors will be detected if they
are in adjacent bits of the message.

The time required to read out all messages in a G/G core storage array is
70 ms. This is about equal to G/G search time which is 65 ms. To eliminate the waste
of telephone line time which would result if the line were not used during search time,
two core storage arrays are included in the G/G storage section. One array receives
information while the contents of the secondarrayare read out to telephone line channels.
Twice as many G/G messages can therefore be sent, Since two storage arrays are
employed and search time for one storage array occurs simultaneously with the readout
of the other, a G/G burst period is set at 70 ms.
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2. System Operation

A simplified diagram of the G/G storage section is shown in Figure 3-3. As
depicted in this diagram, the G/G storage section is logically divided into the following
areas:

a, Storage - the storage circuits store the five G/G messages prior to their
being sent to the readout circuits.

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

c. Readout - the readout circuits prepare the messages for transmission to
the conversion circuits.

d. Burst counting and compare - the burst counting 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 message
for errors.

f. Conversion - the conversion circuits modify the G/G messages to gated
1300 cycle sine waves for transmission over the telephone data channels.

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 equip-
ment.

A description of the operation of the G/G storage section follows.
a. Counter Operation

The control circuits consist of the G/G control, the 5 counter, and the 19
counier., The two counters control the timing operations and operates as explained
below.

The 5 counter is shifted at a 1,300-pps rate by pulses from the output control
section. On every fifth shift, a 5-counter-equals-5 pulse is generated which is used
to shift the 19 counter. The 19 counter repeats its counting cycle after it has been shifted
19 times. A complete G/G burst period takes place during this cycle, during which time
one G/G core storage array is read into while the other is simultaneously read out.

A G/G operational cycle consisting of read-in and readout for one of the
two core arrays is described in the following paragraphs. The G/G read-in interval and
the readout interval for a single core array each takes place during successive burst
periods. Two G/G burst periods are therefore required for the G/G storage section to
complete a cycle of operations. In actual operation, the read-in and readout functions
occur simultaneously; while one core array is being written into, the other array is
simultaneously being readout.
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b. Read-In

Each G/G burst period ends at the 1st shift of the 19 counter. At this time,
the 5 counter and the 19 counter are cleared and primed. The 19-counter cycle starts
with its next shift. At 19-counter-1 time, the G/G control sends a search level to the
output control element and steps the BTC. This level signals the output control element
that read-in can now take place. The core array which had been read out during the
previous burst period is now written into. Each correct G/G output word (right half drum
word bits RS through R15 plus an even parity bit) whose assigned burst number matches
the contents of the G/G burst counter is written into; a pulse is sent to the completed
message shift register by the control element. The completed message shift register
counts the number of words loaded in each message slot in a core array. Read-in is
completed before 19-counter-18 time. At this time, the G/G control generates a sync
pulse, a not-search level, and a shift-phase level. The sync pulse is sent to the con-
version equipment; the not-search level prevents the output control element from
writing into any more core registers. The shift-phase level switches core arrays so
that the array just read into will be read out during the next burst period.

c. Readout

Readout of the core array which has been written into starts at 19-counter-1
time. At this time, the 19 counter generates a clear-column-1 pulse. This pulse is sent
to the core storage array where it serves to send all the information contained in the
first column of cores through the FA’s and into the OSR’s. This information is now passed
out of the OSR (as explained in the following paragraphs) only if the completed message
shift register has counted five words written into that slot of the core array. This
prevents transmission of the incomplete messages.

In the interval between 19-counter-1 time and 19-counter-2 time, the OSR’s
and the 5 counter are shifted five times. With each shift of the OSR, one bit of each of
the five G/G messages is sent to the conversion circuits, to the storage parity checking
circuit, and to the output control element. The output control element utilizes this
information when test procedures are performed. At the storage parity checking circuit,
the data is entered and later examined for errors. A G/G alarm is generated if an
error is found. At the conversion circuits, the data is made compatible for transmission
by the telephone data channels.

Simultaneously with the fifth shift of the 5 counter, the OSR is emptied. At
this time, the 5 counter generates a 5-counter-equals-5 pulse. This pulse shifts the
19 counter, causing it to read out another column of the core storage array into the OSR.
The information is then shifted out of the register in the same manner as the data from
the first column. The process repeats itself until the entire message has been read out
of the core array.

3. Storage
a. Core Storage Arrays

The output words comprising G/G messages are stored in rectangular ferrite
core storage arrays. Each G/G output word, which is 17 bits in length, is stored in one
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Figure 3-5. G/G Core Storage Array (3.2.2),
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register or row of the array. The array has 17 columns and 25 rows, and can therefore
store 25 output words. (See Figure 3-5.)

Two identical arrays are included to provide the most efficient use of tele-
phone channels. Each array is written into row by row and read out column by column.
Writing is done by coincident currents (See Figure 3-6.) As each word is transferred
to the core storage array, a half-write current is applied to the register address
winding of the row in which that word should be written, Simultaneously, right drum
word half-write current pulses are applied to those column windings in which a 1 should
be recorded. During readout each core in the column receives a full-read current,
with each core output appearing on the corresponding row array; output winds in the
two arrays are wired in parallel. (See Figure 3-7.) No interference between matrices
results since only one array is read out at a time through use of gated TCD’s.
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b. Core Array Read-In

During each burst period, G/G message words are written into the core
storage array which is not being read out. The right drum word with its even parity
bit is applied by the output control element to the core storage array as half-write
pulses on those drum word lines whose bits are 1’s.

The row in the array on which the word is written is specified by the register
address contained in the left drum word. Thus, message assembly is accomplished by
the assigned burst number and the register address. Since the search period for the
OB fields is approximately 65 ms, read-in to one array can be completed during the
70-ms readout time for the other array.

The selection of an array for read-in is accomplished by the output control
element. The G/G control supplies that element with information on which array is being
read out. The output control element, in turn, routes words for read-in into the other
array.

4, Control
a. General

While many of the control functions of the G/G output storage section are
managed by the output control element, certain functions unique to the section are
managed by control circuits within the section, These control units include the 5 counter,
the 19 counter, and the G/G control.

b. 5 counter

The 5 counter, shown in Figure 3-8, is a 5-core ring counter which is
cleared, primed, and then continuously stepped at 1,300 pps. The outputs from this
counter are used in performing test operations and controlling functions of the storage
section, The operation of the 5 counter follows.

At the start of system operation or after a shutdown or test operation,
the output control element sends an OD 4 reset and prime pulse to the 5 counter and
the G/G control. This pulse and the following OD 3 pulse cause a 7.5 usec shift pulse
to clear the 5 counter. The G/G control then primes the 5 counter by entering a 1 in
its fourth core. Generated by the flip-flop for each combination of an OD 2-13 and OD 3
pulse applied to it, 5-counter shift pulses shift this 1 through the counter. As the 1 is
shifted out of the fifth core, it is transferred to the first core. From this point until
the end of the burst period, the 5 counter maintains a continuous serial count of each
group of five shift pulses.

As the 1 is-transferred from one core to another, a 5-counter-equals pulse
is generated. The 5-counter-equals-1 through 5-counter-equals-5 pulses are sent to
the test equipment section. The 5-counter-equals-5 pulse is also used to condition a
gate which is pulsed by OD 3-13 timing pulses. At 5-counter-5 time, an OD 3-13 pulse
is passed by the gate and sent to the G/G control (Figure 3-10) as a 5-counter-equals-
5 pulse, This pulse is used to generate a 19-counter-shift pulse and a G/G sync pulse.
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Figure 3-8. 5 Counter (3.2.2), Simplified Logic Diagram

The sync pulse is generated only at 19-counter-18 time. The 5 counter is continually
shifted until the 19th shift of the 19 counter. At this time, which is the end of the burst
period, the 5 counter is cleared by a 7.5-usec shift pulse developed by the combination
of a 19-counter-equals-19, an OD 4-13 pulse, and the following OD 3 pulse. The 19
counter is simultaneously cleared by the G/G control, which then primes both counters.
The 5 counter then resumes shifting to start the next burst period.

The 5 counter is always primed by entering a 1 in its fourth core. This is
done to satisfy the requirement that 92 timing pulses (5-counter shift pulses) occur
during a G/G burst period. By priming the 5 counter in this way, two 5-counter shifts
are made to occur between 19-counter-19, whichis the time of priming, and 19-counter-1,
which is the start of readout and read-in. Since 90 5-counter-shift pulses occur between
19-counter-1 and 19-counter-19, the 92 required 5-counter shift pulses are obtained.

¢. 19 Counter

The 19 counter (a 19-core shift register) sequences the readout of each column
of the core storage array. Each time this counter is stepped, from 19-counter-1 through
19-counter-17, one column in the core storage array is read out. Figure 3-9 shows a
simplified diagram of the 19 counter.

At the start of operation, the 19 counter is cleared and primed by the G/G
control. The 19 counter isthen shiftedbythe G/G control once for each 5-counter-equals-
5 pulse. Each time the 19-counter is shifted, a 19-counter-equals pulse is generated.
These pulses are generated in sequence from 1 through 19. The first 17 of these pulses
are used to read out each column of the core array. Since only one register is conditioned
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at any one time, clear-column pulses are applied to only one core storage array at a
time. The conditioning levels for the TCD registers, shift-phase-B, are supplied by the
G/G control.

The 19-counter-equals-1, -17, -18, and -19 pulses areapplied as conditioning
levels to four gates in the 19 counter. An OD 4-13 pulse occurring at either 19-counter-1,
-17, -18, or -19 time will be passed by the gate whose conditioning level is up as a
result of the 19-counter-equals pulse.

An OD 4-13 pulse occurring at 19-counter-1 time is sent to the G/G control
(Figure 3-10) as a 19-counter-equals-1 pulse, where it starts the shifting of the OSR
and also initiates the search G/G level. In addition, the 19-counter-equals-1 pulse is
sent from the G/G control, through relay contacts in the 19 counter, to the burst counter
(Figure 3-16). During normal operation, the relay in the 19 counter is de-energized and
the 19-counter-equals-1 pulse is used to step the burst counter.

During test operation, the relay is energized and the burst counter is pre-
vented from being stepped.

An OD 4-13 pulse occurring at 19-counter-17 time is sent to the test equip-
ment section when it is used in test operations.

An OD 4-13 pulse occurring at 19-counter-18 time is sent to the G/G control
as a 19-counter-equals-18 pulse, where it performs the following functions.

(1) Ends shifting of the OSR

(2) Initiates the not-search level

(3) Functions in the generation of the G/G sync pulse

(4) Selects G/G-A or G/G-B arrays for readout

An OD 4-13 pulse occurring at 19-counter-18 time is also sent to the com-

pleted message shift register (Figure 3-14) as a 19-counter-equals-18 pulse, where
it is used to reset the output flip-flops.

An OD 4-13 pulse occurring at 19-counter-19 time is sent to the following
circuits as a 19-counter-equals-19 pulse:

(1) To the 5 counter (Figure 3-8) where it serves to clear the registers.

(2) To the storage parity checking circuit (Figure 3-5) where it is used in
the storage parity check.

(3) To the completed message shift register (Figure 3-14) where it is used
in the completed message check.

(4) To the test equipment section where it is used in test operations.
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In addition to gating an OD 4-13 pulse as previously explained, the 19-
counter-equals-19 pulse is applied to an inverter within the G/G control. This pulse
serves to prime the 5 counter and the 19 counter as explained in detail later in this
section,

d. G/G Control

The G/G control (Figure 3-10) handles the bulk of control functions in the
G/G output storage section. This control supplies two sets of levels to the output control
element: search G/G or not-search- G/G levels, and shift-phase-A or shift-phase-B
levels.

The G/G search and G/G not-search levels are developed by the 1 and 0
sides, respectively, of the G/G search flip-flop. This flip-flop is set by each 19-counter-
equals-1 pulse. This raises the search G/G level which is sent to the output control
element, informing it that the G/G storage section can receive data. The search G/G
level remains up until the flip-flop is cleared by a 19-counter-equals-18 pulse. At this
time the search G/G level is terminated and the not-search G/G level is raised. This
level is sent to the output control element, halting the flow of data to the G/G storage
section,

The shift-phase-A and shift-phase-B levels are developed by the 0 and 1
sides, respectively, of the G/G shift-phase flip-flop. This flip-flop is complemented
by each 19-counter-equals-18 pulse. The two shift-phase levels therefore alternate
between burst periods, each level being raised at the end of every other burst period.
These levels are sent to the output control element where they cause data to be written
into the core array not being read out at the time. These levels are also applied to the
19 counter, where they are used to condition the TCD registers.

Shift pulses for the OSR are supplied by the output control element as OD
2-13 pulses. These pulses are gated through the G/G control between 19-counter-
equals-1 and 19-counter-equals-18 by the action of the G/G shift control flip-flop.
The strobe pulse used to sense the counter-conditioned gates in the 19 counter also
originates in the output control element as OD 4-13. Since it is used in the G/G control,
the strobe pulse is routed through there before being applied to the 19 counter.

The sync pulse indicating the beginning of a burst period transmission is
developed in the G/G control by the action of the G/G sync generator flip-flop. This
flip-flop is set by a 19-counter-equals-18 pulse. The level developed by the 1 side
of this flip-flop conditions a gate which is sensed by 5-counter-equals-5 OD 3-13
pulses and is applied to the conversion equipment as a G/G sync pulse. This 5-counter-
equals-5 pulse also sets the 19-counter carry flip-flop.

The remaining portion of the G/G control (the portion labeled core shift
registers control in Figure 3-10) supplies all clear, prime, and shift pulses for the 19
counter and the completed message shift register, the prime pulse for the 5 counter,
and the gating levels which are applied to the FA’s.

The major component of the CSR’s control is the 19-counter shift flip-flop.
At the start of operations, this flip-flop is set by a reset-and-prime pulse applied by
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the output control element at OD 4 time. The level thus developed by the 1 side of the
flip-flop is applied to the 19-counter CSD’s and to a gate sensed by OD 3 pulses. The
following OD 3 pulse is passed by this gate, clears the 19-counter shift flip-flop and
develops a 7.5 usec level which is applied by the CSD’s to the 19 counter, thus clearing
its register.

The OD 3 pulse that clears the 19-counter shift flip-flop also triggers a
single-shot multivibrater. This multivibrator generates a 25 usec signal which primes
the 5 counter, the 19 counter, and the completed message shift register.

The 19-counter shift flip-flop is now set by the following 5-counter-equals-5
pulse received at OD 3-13 time. This flip-flop is cleared by the next OD 4-13 pulse
when the gate through which the pulse is applied is conditioned by the 19-counter-not-19
level from the inverter. Thus, for all conditions of the 19 counter except 19-counter-
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equals-19, the 19-counter shift flip-flop is set between 5-counter-equals-5 (OD 3-13)
and 5-counter-equals-5 (OD 4-13) for 2.5 usec. The flip-flop output levels are sent as
shift pulses to the 19 counter. In addition, these output levels are sent to strobe two
2-way AND circuits. The latter are associated with the respective output lines of the
G/G shift-phase flip-flop. Hence, when an output level is generated by the 19-counter
shift flip-flop and is present at either AND circuit in coincidence with a G/G shift-
phase level (A or B), the conditioned AND circuit will pass a level to its respective
inverter circuit. The level is thus inverted and sent as gating levels 1, 2, and 3 to
the FA’s. The flip-flop output also conditions two gates. However, the timing of the
pulses which sense these two gates is such that the gates produce no output. The con-
ditioning level will not be up fast enough for the gate sensed by OD 3 to pass that pulse,
and the level will be down before the OD 1 pulse senses the other gate. Therefore, the
only outputs of the CSR’s control during 19-counter-not-19 time are the shift pulses for
the 19 counter and the FA gating levels.

When the 19 counter reaches 19, the 19-counter flip-flop is set, as before,
by a 5-counter-equals-5 pulse which occurs every fifth OD 3-13 pulse. However, at this
point the OD 4-13 clear pulse is not passed by the gate, since the inverter deconditions
the gate at 19-counter-equals-19. The flip-flop therefore remains set until the gate
sensed by OD 3 passes that pulse to clear the flip-flop, an interval of 10 usec. This 10-
usec pulse from the flip-flop acts as a clear pulse for the 19 counter and is applied on
the shift line. The OD 3 pulse which clears the flip-flop also triggers a single-shot
multivibrator to produce a prime pulse for the 5 counter, the 19 counter, and the com-
pleted message shift register. The other gate, sensed by OD 1, passes this pulse as
OD 1-special to the completed message shift to sense the gates therein and set the
completed message flip~flops. Thus, at 19-counter-equals-19, clear pulsesare generated
for the 19 counter, and prime pulses are generated for the 5 counter, 19 counter, and
the completed message shift register. Figure 3-11 shows the timing of the various
functions of G/G control.

5. G/G Readout
a. General

Readout of the G/G message is accomplished in three steps. Refer to Figure
3-3. Each message is read out of the core storage array, five bits at a time, through
the FA’s into the OSR. These five bits are shifted serially out of the OSR. Finally, if
permitted by the completed message shift register, the data bits are presented to the
conversion equipment. Although this and the following discussiontreats only one message
slot, the G/G output storage section contains five messages simultaneously. The ac-
companying illustrations show all five slots; the discussion of one channel applies equally
to the other four.

b. Core Array Readout
Note: Refer to Figure 3-12,
Each message slot is read out of the core array by columns at the start

of a burst period. The core array is comprised of 17 columns, pulsed serially by clear-
column pulses that are applied by the TCD’s located in the 19 counter. Each time that
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a column is pulsed, the five bits stored in its cores, one bit from each of the five output
words in the message slot, are shifted from the core array in parallel form to the FA’s.
The G/G core array readout is similar to the G/A-FD core array readout.
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Figure 3-12. Flux Amplifiers (3.2.2),
Simplified Block Diagram

Each of the five array output pulses from the G/G core storage array is
applied to an FA. A 1 bit is represented by a pulse and a 0 bit by the absence of a pulse.
Separate groups of the five FA’s shown in Figure 3-12 are gated by gating levels 1, 2,
and 3. These levels are 2.5-usec OD 3-13 and OD 4-13 negative pulses employed to
prevent noise and spurious signals from passing through the FA’s. They are produced
in the G/G control simultaneously with each shift of the 19 counter that occurs during
readout time. Since these 19-counter shifts generate clear-column pulses which read
out columns of the core array, the core storage array outputs are applied to the FA’s
during the 2.5 usec that the FA’s are gated and operative. The FA’s after amplifying and
stretching the array output pulses, send the pulses to the OSR as FA outputs. The outputs
from the FA’s are sent over 25 lines labeled FA output 0 through FA output 24, re-
spectively.

c. Output Shift Register (OSR)

The OSR (Figure 3-13) receives five bits at a time from each of the five
messages, and loads them into five 5-core shift registers. Shift pulses from the G/G
control shift each register 1,300 times per second. Since the gate at the output of each
5-core shift register is sensed only when the data bits are placed in the shift register,
no spurious output pulses are generated when the register is loaded. The shift signals
from the flip-flop are 2.5 usec in duration,
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Figure 3-13. G/G Output Shift Register (3.2.2), Simplified Logic Diagram

The output of the first gate is applied to the storage parity check circuit and
to a second gate. This gate is conditioned by a completed-message level from the com-
pleted message shift register. If the level is applied, the contents of the OSR are sent
to the conversion equipment.

The next five 5-bit groups from the FA’s must be loaded into the OSR
within - 4 ms after the first groups have been shifted out. This is done to maintain an
even 1,300-pps output rate from the OSR.

d. Completed Message Shift Register
The completed message shift register (Figure 3-14) counts the number of

output words written into each slot in the core storage array. If the full five words are
written into a slot during a burst period, the message in that slot will be passed through
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Figure 3-14, Completed Message Shift Register (3.2.2),
Simplified Logic Diagram

the OSR to the conversion equipment. If not, the second gate in the OSR is not conditioned
and no data from that message is presented for transmission.

At the beginning of a burst period, each OSR in the completed message shift
register unit is primed by the G/G control which writes a 1 in the first core. As each
word is written into the appropriate core storage array, a slot level is raised corres-
ponding to the message slot in which the word is written and a shift-completed-message-
shift-register pulse is supplied by the output control element. This pulse shifts ahead
the 1 in the shift register corresponding to that slot. After five words have been written
into a slot, the last core in that shift register will hold the 1.

As the read-in ends, the flip-flops which now hold the results of the complete
message check on the message that was being simultaneously read out from the other
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array are cleared by a 19-counter-equals-18 pulse. A 19-counter-equals-19 pulse from
the 19 counter is now applied both to a single-shot multivibrator and to the shift-pulse
generator flip-flop. The output of the single-shot multivibrator is sent to the output
control element, which returns it to the completed message shift register as a con-
ditioning level on all five AND circuits. Thus, the 19-counter-equals-19 pulse shifts
all 5-core shift registers simultaneously. If the last core of a register holds a 1 when
this last shift occurs, the gate at the output of the CSR is conditioned and then sensed
by the special OD 1 pulse which occurs at this time. This sets the corresponding flip-
flop, supplying the completed message level for that slot. If fewer or more than five
words are written in a slot during a search period, the 1’s placed in the first core of
each CSR will not be in the last core of the register to set the flip~-flops, and the com-
pleted message level will remain down.

6. Message Check

-As G/G messages are transferred out of the output storage section for trans-
mission, a parity check is taken on each message. The data check lines from the OSR,
shown in Figure 3-13, are applied to the storage parity checking circuit (Figure 3-15).
In that circuit, the number of 1’s in each message is counted. The number should be
even, counting the parity bit added to each right-half drum word by the output control
element. If the parity count in any message is odd, the 1 side of that message channel
flip-flop will be up, conditioning the gate through the OR. When the gate is sensed at 19-
counter-equals-19, a G/G alarm is generated. This alarm is also used to clear the flip-
flops.
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Figure 3-15. G/G Storage Parity Checking (3.2.2),
Simplified Logic Diagram
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7. Burst Sequence and Timing
a, Purpose

G/G messages are transmitted in 70-ms burst periods. Successive messages
on a single channel may follow each other immediately if sufficient message words are
delivered through the OB fields to the output storage section. Messages are addressed
to specific receiving points and also sequenced for transmission. This sequencing is
accomplished by assigning each message word a burst number and keeping a count of
the number of the burst to be next transmitted. By comparing the assigned burst number
of a message word to the burst count for the next burst period, and by writing into the
core storage array during read-in only those message words which are scheduled for
transmission within that burst period, the time sequence is established.

b. Burst Counter

The G/G burst counter (Figure 3-16) is a standard 8-bit flip-flop counter
(scale of 256) which is stepped by 19-counter-equals-1 pulses at all times except during
test operations. Two sets of outputs are taken from the counter, one set from the 0
sides of the flip-flops, designated the burst counter complement. The burst counter
contents are supplied to the output control element and are also used in the comparison
circuits. A reset flip-flops signal from the output control element is supplied after
shutdown or test operations.

c. Burst Number Comparison

The burst counter is stepped at the start of a burst period by a 19-counter-
equals-1 pulse. The number in the burst counter during each burst period corresponds
to the number of the next burst period.

G/G message words are read from the OB fields by status identification,
using the burst number as the identity code. As a word on the OB fields moves into
reading position, bits L8 through L15 (which contain the assigned burst number) are
read into a flip-flop register in the output control element. This register supplies to
the G/G burst counter both the assigned burst number of the word and the complement
of the assigned burst number. The assigned burst number of the word and the complement
of the G/G burst counter contents are applied to an AND circuit, while the complement
of the assigned burst number and G/G burst counter contents are applied to another
AND circuit, If the assigned burst number matches the burst counter contents, the outputs
of the AND’s will be down. Since all the inputs to the OR circuit shown in Figure 3-16
are down, the output of the inverter (compare G/G) will be up. The word will therefore
be accepted, and the output word will be written into the core storage array in the slot
and register to which it was addressed by the left drum word.

If the assigned burst number of the words does not match the G/G burst
counter contents, one or more AND outputs will be up, suppressing the compare-G/G
level from the inverter. In this case, the drum word is not accepted and the search
continues to the next word.
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8. Conversion

Information leaving the G/G output shift register is modified by the conversion
circuits before being fed through the switching circuits to the telephone transmission
equipment. Refer to Figure 3-17. The conversion circuits convert the G/G data and
sync standard pulses to a series of synchronized, gated, 1,300-cps sine waves. The
information is modified in this manner to make it comparable with telephone company
equipment requirements.

The conversion circuits contain five identical channels, one for each of the G/G
messages. These channels are identical in circuitry and operation to the G/A-FD con-
version channels. Figure 3-17 shows one of the five identical G/G message conversion
channels, the channel for G/G message 1. For each data or sync pulse received, the
conversion channel will transmit slightly less than one cycle of the 1,300-cps timing
signals to the telephone equipment over the data or sync lines. It is required that exactly
two 0 bits occur on the data lines between the end of the output sync signal and the be-
ginning of the first data bit. (See Figure 3-18.) This is accomplished by applying an OD
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3-13 G/G sync pulse to the sync conversion channel simultaneously with the 19th shift
of the 19 counter. Since two 5-counter shifts occur between 19-counter-19 and the start
of readout which occurs at 19 counter-1 time the required sync pattern (. . .00S00) is
obtained.
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Figure 3-17. G/G Conversion, Message 1 (3.2.2), Simplified Logic Diagram

The data, sync, and timing inputs and outputs of one G/G message conversion
channel for a typical G/G message are shownin Figure 3-19. The outputs of this message
channel, together with the outputs of the other four identical message channels, are fed
to the switching circuits and from there sent out to the telephone equipment.

9. Switching

The G/G test and duplex switch circuits control the G/G output of the Output
System of each computer. The switching circuits contain relays which provide for the
switching of each of the five G/G messages. However, the relay circuits for each
message are identical, For this reason, Figure 3-19 shows a simplified diagram of
the G/G test and duplex switching circuits for only one G/G message.

The relays provided by the G/G test and duplex switching circuits are controlled
so that only the Output System of the active computer is presented to the telephone line
terminal equipment. Relays are also provided to enable the Output System on standby
status to be switched to the appropriate test busses through the pattern generator. These
relays are operated during test operations only.
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1.
2.
3.
4.
5.

6.

SUMMARY QUESTIONS

G/G Readout Time is mil-sec.

G/G storage consists of storage arrays.

Search Time for G/G begins with 19-counter- to 19-counter-
Readout time for G/G begins with 19 counter- to 19-counter- .

G/G storage parity is .

A sync pulse is generated as a result of 5-counter- and

19-counter- .

7.
8.
9.

10.

The FA circuits are gated by a negative signal. (T/F)
What is the function of the CMSR’s ?

How long is the clear level to the 19 counter?

Messages are loaded into all slots but the data flip-flops for all channels are

never set. This could be caused by:

11.

a., GT 5 in 33LN passing all pulses (10A)
b. Pin E5 in 33LT open (12D)

¢. Pin B2 33LW open (10C)

d. P.U. 33 LS removed

e. GT 7 in 33 JG will not pass a pulse

How much time is there from the 19-counter-19 until R2 for Adr. 3 sets the

data FF? (Express in ratio/1300)

12,

If we have successive messages in Slot 1, how long is CM FF cleared in usecs?

(In 33LL) (12C)

13.

The data FF for channels 4 and 5 can never be set. Channels 1, 2 and 3 function

normally. What could cause this?

a, 33HW BCSD 8, 9 will not conduct (10B)

b. GT 1 33LP non-conductive (7C)

c. GT 9 33JG non-conductive (11A)

d. PA5 and PA6 in 33HY non-conductive (5D)
e. 33HX G1 open (9C)
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TTY Storage

1, The TTY storage section receives right half-words, their storage parity bits,
and busy bits from the output control element. This data is stored temporarily and then
transmitted over 25 TTY channels to standard teletypewriters. The teletypewriters are
located at anti-aircraft operational centrals, air bases, higher headquarters, and non-
automatic adjacent centrals. The TTY storage section, when transmitting TTY data
simulates a transmitting teletypewriter. Thus, the TTY data is transmitted in a form
compatible with receiving teletypewriters at the TTY channel termination points.

A standard TTY machine operates at a nominal speed of 60 wpm. This is a
normal rate, since the number of words will vary, depending on the number of opera-
tions the machine must perform. The standard TTY performs 360 operations per
minute. An operation, or character, is defined as one of 26 printing functions or one of
six command functions, the whole termed TTY signals.

The TTY machine transmits 360 signals per minute. These signals are sent,
one at a time, through a 4-terminal transmission channel, or loop. Figure 3-20 shows
the composition of one TTY signal. Each signal consists of seven consecutive intervals.
The first and the last of these seven intervals are, respectively, the start and the stop
intervals; the remaining five intervals comprise a code identifying the character or
command being sent. There are only two possible conditions of the teletype line; that is,
mark or space (closed or open, respectively) and therefore the code is a binary code.
The 5-bit binary TTY code can be enclosed into 32 possible combinations. Thus, 32
different TTY signals may be sent. The signals sent consist of 26 printing or typing
functions and five machine command functions (See Table 1-3.) The usual command
functions are blank, space, line feed, carriage return, letters or figures. The latter
two command functions determine whether the typing functions following will be alpha-
betical letters or figures and symbols. The printing or typing functions may therefore
represent the 26 letters of the alphabet, or 26 decimal numbers and symbols.

The TTY transmission line is normally kept closed; a pulse causes the line to
open. Thus, the pulses are inverted with respect to the usual conception of a circuit.

The start pulse is always transmitted as a space, opening the TTY line and
causing a rotary distributor in the TTY receiver to start rotating. As the arm of the
.distributor rotates, it crosses each of five contacts in succession, which correspond
to the five information bits in the TTY character. Each bit, therefore, is read into the
appropriate contact circuit in the receiver. When the stop interval arrives, the dis-
tributor arm is in the stop position and the closed or mark condition which occurs
during the stop interval stops the distributor in the start position, ready for the next
character. The five information bits that were received energize electromechanical
circuits, causing the transmitted character to be typed, or the indicated command to
be executed.

The TTY signals, as synthesized by the TTY storage section, are actually
transmitted at a rate of 364 signals per minute, or one signal every 15/91 second,
closely approximating the standard rate. The seven pulses constituting a signal are
transmitted during this interval. The start bit and the five information bits are of equal
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Figure 3-21. Composition of TTY Output Word

length, 2/91 second; the stop bit is 1-1/2 times as long, or 3/91 second. (See Figure
3-20.) Thus, each of the first six bits lasts approximately 22 ms and the stop bit is 33
ms long.

Twenty-five TTY output words may be transmitted simultaneously during a
TTY burst period. Each output word is transmitted over a separate TTY channel to
its specific destination. A TTY output word contains three TTY signals as shown in
Figure 3-21. Since a complete TTY message is always longer than these three signals,
it follows that several successive TTY burst periods will be required to transmit a
single message on each TTY channel.

It should be noted that the RS bit of the right half-word is employed as the
start bit of TTY signal A. The start bits for signals B and C are made up.of BB2 and
BBI1, respectively. Since the start bits must be transmitted as spaces (open line), the
RS, BB2, and BB1 are 1 bits.
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Figure 3-22. TTY Output Storage Section (3.2.3), Simplified Block Diagram
2. Operation (Figure 3-23)

A simplified diagram of the TTY storage section is shown in Figure 3-22.
As is shown in this diagram, the TTY storage section is functionally divided into storage,
control, readout, burst counting and compare, message-check, and switching circuits.
These circuits perform functions similar to the corresponding circuits of the G/A-FD
storage section.

Operation of the TTY storage section is similar to that of the G/A-FD storage
section in that each TTY burst period is divided into search time and readout time. This
division is accomplished by the action of the control circuits. These circuits, con-
sisting of the TTY control and the 51 counter, also control the functions of the storage
section during each separate interval, The 51 counter, in particular, controls the timing
of these functions.

a, Counter Operation
In order for the 51 counter to perform the timing functions, the counter

operates as follows:
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The 51 counter is shifted continuously and repeats its counting cycle after
it has been shifted 51 times from its start of operations. This counter is generally
shifted at a 91-pps rate of timing pulses received from the output control element.
During the interval between its second and eighth shifts after the start of each cycle,
however, the 51 counter is shifted at high speed; that is, once every 20 usec, to elim-
inate the parity bit from the final teletype message. Each time this counter is shifted,
a 51-counter-equals pulse is produced.

b. Search Time

Search time is the interval during which output words are accepted for storage
by the storage section. The TTY search time starts at the time of the 45th shift of the
51 counter. At this time, the 51-counter-equals-45 pulse which is produced shifts the
burst counter and also causes the TTY control to supply a search TTY level to the output
control element. This search level indicates the TTY storage section is ready to receive
output words for a new burst. During search time, each correct TTY output word on
the OB drum which has a burst number that compares with the present contents of the
TTY burst counter is entered in the TTY core storage array.

Search time continues until 51-counter-51 time, a total of six 51-counter
shifts or 6/91 second (66ms), This is sufficient time for the OB fields to be searched.
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The 51-counter-equals-51 pulse then causes the TTY control to raise the not-search-
TTY level, thereby ending search time. The 51 counter now repeats its operational
cycle, and with its next shift produces a 51-counter-equals-1 pulse. This pulse starts
the interval of the burst period called readout time.

c. Readout Time

Readout time is the interval between 51-counter-1 time and 51-counter-45
time. During this interval, the output words previously assembled in the core storage
array are read out into the OSR. The OSR then transfers these words, bit by bit, through
the line register and onto the TTY channels. Readout takes place as explained in the

following paragraphs.

The 51-counter-equals-1 pulse, produced when the 51 counter is first shifted
at the beginning of its cycle, is sent to the core storage array where it serves to read
out the information contained in one column of cores. This information consisting
of 25 parity bits, is sent through the FA’s and loaded into the 25 3-core shift registers
which make up the OSR. Each bit is entered in the first core of each of these registers.
The next shift of the 51 counter generates a 51-counter-equals-2 pulse. This pulse shifts
the 25-shift registers, causing the bits entered in the first core of each register to be
shifted to the second core. The 51 counter is now shifted six times at high speed. As a
result, 51-counter-equals-3 through 51-counter-equals-8 pulses are generated by these
shifts., These pulses alternately read out a column of cores into the OSR and then shift
the register. During this high-speed shifting, the parity bits which were present in the
OSR at the beginning of the high-speed shifts are shifted out of the OSR and into the line
register. This shifting takes place at a speed too high for response of the line register
relays, and the parity bits are effectively destroyed. The parity bits are not required
because a teletypewriter has no means of checking parity.

At the end of the high-speed shifts, three columns of cores have been read
out of the array and loaded into the three cores of the 25 shift registers. The start
bit of the first TTY character of each output word is present in the last core of each of
the 25 shift registers. The 51 counter is now shifted at a 91-pps rate and generates pulses
which alternately read a column of cores into the OSR and then shifts this register.
Each time the OSR is shifted, the bits present in its last cores are applied to the line
register. The line register controls 25 relays that hold each of the TTY lines in an open
or closed position, depending on whether the corresponding output word bit applied is a
space (1) or a mark (0).

Readout continues as described above until 51-counter-45 time, at which
time the core array is empty and search time begins. During each time, an interval
of approximately 66 ms, readout from the core array is interrupted. This delay is
eliminated from the message transmission by the action of the OSR. At the start of
readout, the three cores of each shift register are loaded at high speed when the first
three bits of each TTY output word. During search time, these bits continue to be
applied to the line register and the TTY lines, thereby eliminating any transmission
delay caused by array read-in.

During search time at 51-counter-50 time, the stop bit of the last character
of the TTY output word is shifted into the line register. It stays there for the required
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three timing pulses (3/91 second) until the next shift pulse, which occurs at 51-counter-
2 time.

At 51-counter-51 time, the end of searchtime, the OSR is empty, but the
core storage has been refilled. At 51-counter-1 time, the readout process repeats.

During readout the data is examined for errors in transmission. This check
is performed by the storage parity checking circuit which receives TTY data as it is
shifted out of the OSR. If an error is found, a TTY alarm is transferred to the alarm
section in the output control element.

The operation of the TTY storage section is shown in chart form in Figure
3-24, This chart shows the column cleared by each 51-counter pulse, and also shows the
position of each bit as it is shifted out of the core array and through the OSR and line
register. The shift pulses for the OSR and line register are shown in this chart as
shift time pulses.

3. Storage
a. General

The TTY storage section has provision for the storage of one 3-character
TTY output word in eachof 25 registers. Each register receives the information contained
in one right half-word, and then supplies information to one TTY channel. The compo-
sition of a right half-word and the division of this word into three TTY characters is
shown in Figure 3-21.

b. Core Storage Array

The TTY core storage is an array of ferrite cores and is similar in operation
to that array described in the G/A-FD section. The array consists of 26 registers;
25 are used for storage and one is a spare.

Each register contains 22 cores. Of these, only cores 1 to 3 and cores 7
to 22 are used. The cores in the core storage are arranged in registers and columns
of bits. (See Figure 3-25.)

c. Core Array Read-In

The read-in to the TTY core storage array (Figure 3-25) is similar to that
of the G/A-FD core storage array. Each of the cores has two half-write windings. A
half-write register winding and a half-write message winding. Current through either
one of these windings does not produce enough flux to set the core, but current through
both windings will set the core. The half-write register winding is in series with wind-
ings on each other core in the same register. The half-write message winding is in
series with each core in the same column. To write into a core, then it is necessary
to select both the column and the register.

In the read-in operation during a TTY search interval, as each right-half
word addressed to the TTY storage sectionisreceived, a half-write current pulse passes
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Figure 3-25. TTY Core Storage Array (3.2.3), Simplified Logic Diagram

through the half-write register windings in the register selected for read-in. At the
same time, the contents of the right half-word, parity bit, and busy bits are applied to
the half-write message windings in columns 1, 2, 3, and 7 through 22, Thus, data is
written into the selected register. Columns 4, 5, and 6 are not used.

4, Control

a. General

The action of the TTY storage section is controlled by the 51 counter and the
TTY control. These circuits generate and gate the timing signals necessary to accom-
plish the various operations of the TTY storage section. Note: Refer to Figure 3-26.

b. 51 Counter

The 51-counter, shown in Figure 3-26, is a tape core counter similar to
the 25 counter in the G/A-FD storage section, but with 51 cores. At the beginning of each
counting cycle, the counter is cleared. Immediately thereafter, a 1 is primed into the
first core and then continuous stepping of the counter at a 91-pps rate begins. The
outputs of the 51 counter are labeled with respect to the core from which they originated.
Generally, the output of every other core in the 51 counter is used to shift the contents
of successive columns from the core storage through the FA’s in the OSR. The other
alternative outputs of the 51 counter are used both to shift the OSR and to clear the line

‘register. Table 3-1 shows the destination and function of each 51-counter output pulse.
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Figure 3-26. 51 Counter (3.2.3),
Simplified Logic Diagram

It will be noticed from Table 3-1 that the 51-counter-equals-15, -30, and -45
pulses do not perform any control functions. These pulses are used to produce the stop
bits, one of which is required to complete each TTY character. (See Figure 3-22.)
Since the stop bits are all 0 bits, they are not stored in the array and therefore must
be generated by the TTY storage section. Either a 51-counter-equals-15, -30, or -45
pulse is generated after six clear-column pulses have been produced. Clear-column
pulses shift the first six bits of each TTY character from the core array. The 51-
counter-equals-15, -30, and -45 pulses therefore occur at the time that the seventh
bit should be shifted from the array and entered in the OSR. Since these pulses are not

used to clear a column, the first cores of the OSR retain a 0 bit, and this bit always
completes TTY character.

The shift time pulses listed in Table 3-1 go to the shift-pulse generator
circuit of the 51 counter, where they are collected in an OR circuit and transferred
to the TTY control (see Figure 3-27)., The output pulses of the 51 counter are com-
paratively long sawtooth-shaped pulses. These pulses are not acceptable for certain
applications in this form and are therefore gated (at OD 3 time) in the shift-pulse gen-
erator of the 51 counter to provide standard 0.1 usec pulses.
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51 COUNTER DESTINATION FUNCTION
1 Teletype core storage Clear column 22
2 Shift-pulse generator, 51 counter Shifc time
2 Shift-pulse generator, 51 counter Starc high-speed shift
3 Teletype core storage Clear column 1
4 Shift-pulse generator, 51 counter Shift time
5 Teletype core storage Clear column 7
6 Shift-pulse generator, 51 counter Shift time
7 Teletype core storage Clear column 8
8 Shift-pulse generator, 51 counter Shift time
8 Shift-pulse generator, 51 counter Stop high-speed shift
9 Teletype core storage Clear column 9

10 Shift-pulse generator, 51 counter Shift time

11 Teletype core storage Clear column 10
12 Shift-pulse generator, 51 counter Shift time

13 Teletype core storage Clear column 11
14 Shift-pulse generator, 51 counter Shift time

15 Not used Stop bit

16 Shift-pulse generator, 51 counter Shift time

17 Teletype core storage Clear column 2
18 Shift-pulse generator, 51 counter Shift time

19 Téletype core storage Clear column 12
20 Shift-pulse generator, 51 counter Shift time

21 Teletype core storage Clear column 13
22 Not used

23 Shift-pulse generator, 51 counter Shift time

24 Teletype core storage Clear column 14
25 Shift-pulse generator, 51 counter Shift time

26 Teletype core storage Clear column 15
27 Shift-pulse generator, 51 counter Shift time

28 Teletype core storage Clear column 16
29 Shift-pulse generator, 51 counter Shift time

30 Not used Stop bit

31 Shift-pulse generator, 51 counter Shift time

Table 3-1. Destination and Function of 51-Counter Pulses
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51 COUNTER DESTINATION FUNCTION

3r Shift-pulse generator, 51 c&unter Shift time

32 Teletype core storage Clear column 3
33 Shift-pulse generator, 51 counter Shift time

34 Teletype core storage Clear column 17
35 Shift-pulse generator, 51 counter Shift time

36 Teletype core storage Clear column 18
37 .lVot used )

38 Shift-pulse generator, 51 counter Shift time

39 Teletype core storage Clear column 19
40 Shift-pulse generator, 51 counter Shift time

41 Teletype core storage Clear column 20
42 Shift-pulse generator, 51 counter Shift time

43 Teletype core storage Clear column 21
44 Shift-pulse generator, 51 counter Shift time

45 Shift-pulse generator, 51 counter Begin search

46 Shift-pulse generator, 51 counter Shift time

47 Not used

48 Shift-pulse generator, 51 counter Shift time

49 Not used

50 Shift-pulse generator, 51 counter Shift time

51 Shift-pulse generator, 51 counter End search

51 Shift-pulse generator, 51 counter Prime 51 counter

Table 3-1. Destination and Function of 51-Counter Pulses (Cont’d)

The 51-counter shift pulses and the TTY~-FA~-GT pulses used to gate the FA’s
are 2.5 usec in length, occurring between OD 2 and OD 3. These pulses are generaied
by the flip-flop in the 51-counter shift-pulse generator (Figure 3-27), The flip-flop is
normally set at OD 2-91 time and is cleared at the following OD 3 time, unless the 51-
counter-equals-51 pulse causes the OD 3 pulse to be inhibited. In this case, the shift
pulse lasts an extra OD cycle (10 usec), causing the 51 counter to be cleared and causing
a 1 to be primed into the first core of the 51 counter.
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Figure 3-27, Shift- Pulse Generator, 51 Counter (3.2.3), Simplified Logic Diagram
c. Teletype Control (Refer to Figure 3-28)

The TTY control, shown in Figure 3-28, regulates the supply of shift pulses
to the 51 counter and gates all shift pulses to the OSR and line register. Another function
of the TTY control is sending search and not-search control levels to the read-in
control of the output control element to coordinate the read-in cycle with the readout
cycle.

The search TTY and not-search TTY levels are developed by the 1 and 0
sides, respectively, of the search flip-flop. This flip-flop is set by a 51-counter-equals-
45 pulse, thereby developing the search TTY level, and reset by a 51-counter-equals-51
pulse, thereby developing the not-search TTY level. These levels start and terminate
TTY search time. The TTY control sends OD 3-91 pulses to the OSR and line register
as shift pulses only when the shift-time levelis up. This level is raised at the 51-counter
times specified in Table 3-1.
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The TTY .control also controls the high-speed shifting of the 51-counter,
OSR and the line register. This is accomplished as explained below. (See Figure 3-29,)

The 51-counter-equals-2 (start high-speed shift) and the 51-counter-equals-8
(stop high-speed shift) gates pulses respectively set and clears the high-speed shift
pulse generator flip-flop. When this flip-flop is set, OD 2 pulses are enabled to com-
plement the high-speed shift control flip-flop. This latter flip-flop is always reset by an
OD 2-91 pulse before the first complementing OD 2 pulse is applied. The first com-
plementing pulse applied, therefore, sets the high-speed shift control flip-flop. The 1
side of this flip-flop conditions a gate which is pulsed by OD 2 pulses. The next OD 2
pulse is passed by this gate as a step-51-counter pulse, and this pulse shifts the 51
counter to 51-counter-equals-3. The same OD 2 pulse simultaneously resets the high-
speed shift control flip~-flop. The 0 side of this flip-flop now conditions a gate which is
pulsed by OD 3 pulses, and the next OD 3 pulse is passed by this gate and applied to a
gate which is conditioned by the shift times level. This level is up at the 51-counter
times specified in Table 3-1. During the high-speed shifting, the shift times level is up
at 51-counter-4, -6, and -8 time only. Since the 51 counter is now at 51-counter-equals-
3, the OD 3 pulse is not passed.

The complementing of the high-speed shift control flip-flop, with the sub-
sequent shifting of the 51 counter continues at a 50-kilocycle rate until 51-counter-8
time. During this time, an OD 3 pulse is sent as a shift pulse to the OSR and line register
at the times when the high-speed shift control flip-flop is reset during 51-counter-4,
-6, and -8 time. At these times the shift times level is up. At 51-counter-8 time, the
high-speed shift-pulse generator is reset by the 51-counter-equals-8 pulse, and the high-
speed shifting is thus terminated.

5. Teletype Readout

a. General

Readout of the TTY storage section must be performed to meet the standard
TTY machine requirements. The readout operation is controlled by timing signals
generated in the 51 counter and the TTY controls. Figure 3-30 shows the logical flow
of data during readout. There are five identical readout channels, only one of which
will be described in this discussion. Bits are read out from each array register serially,
through FA’s and into a 3-core OSR. From the OSR, the bits enter a line register
(a flip-flop) which controls a relay that holds the line in an open or closed position
depending upon whether the bit is a space (1) or a mark (0).

b. Core Array Readout

Each TTY output word is read out of the TTY core storage array by columns,
There are 22 columns in the core array, of which 19 are active and 3 are spares. (See
Figure 3-31.) The 19 active columns are pulsed by clear-column pulses, applied by the
TCD’s located in the 51-core shift register. Each time a column is pulsed, the bits
stored in its cores are shifted from the core array in parallel to the FA’s. The bits
from each column are composed of one bit from each of the 25 output words that are
stored in the array. Table 3-2 shows the assignment of bits by columns, the 51-counter
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CORE READOUT ORDER RELETYPE

STORAGE AT OF READOUT BIT
BIT COLUMN 51 COUNTER OF COLUMNS
RS 1 3 2nd Start A
BB2 2 17 8th Start B
BB1 3 32 14th Start C
R1 7 5 3rd A-1
R2 8 7 4th A-2
R3 9 9 5th A-3
R4 10 11 6th A-4
RS 11 13 Tth A-5
R6 12 19 gth B-1
R7 13 21 10th B-2
R8 14 24 11th B-3
RO 15 26 12th B-4
R10 16 28 13th B-5
R11 17 34 15th C-1
R12 18 36 16th C-2
R13 19 39 17th c-3
R14 20 41 18th c-4
R15 21 43 19th C-5
P 22 1 1st P

Table 3-2, Assignment of Bits in TTY Core Storage
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pulse that clears each column, the order of readout, and the significance of each bit
in the core storage.

c. Flux Amplifiers (FA’s)

Each of the 25 array output pulses fromthe TTY core storage array is applied
to an FA., A 1 bit is represented by a pulse and a 0 bit is indicated by the absence of
a pulse. Separate groups ofthe 25 FA’s are gated as shown in Figure 3-31 by gating levels
1, 2, and 3. These gating levels are 2.5 usec negative pulses employed to prevent noise
and spurious signals from passing through the FA’s. They are produced in the 51-counter
shift-pulse generator simultaneously with each shift of the 51-counter. Since alternate
51 counter shifts generate clear-column pulses whichreadout columns of the core array,
the array outputs are applied to the FA’s during the 2.5 usec that the FA’s are gated
and operative. The FA’s, after amplifying and stretching the array output pulses, send
the pulses to the OSR as FA outputs. The outputs from the FA’S are sent over 25 lines
labeled FA output 1 through FA output 25, respectively.

d. Output Shift Register

The purpose of the OSR (Figure 3-32) is to provide a 3-shift-buffer so that
there is no delay or pause on the TTY channel during TTY search time.

The OSR is made up of 25 3-core shift registers. One shift register is pro-
vided for each of the 25 TTY channels used. Each CSR is a tape core register identical
to those used in the G/A-FD OSR. The information bits, as they are shifted out of the
core storage array and amplified in the FA’s, are read into the first core of each
register. After receipt of each group of bits, and prior to receipt of the next group,
the CSR’s are shifted. In this manner, the bits from a register in the core array are
shifted serially through each 3-core shift register to a line flip-flop in the line register.

Output shift register shift pulses are produced by the flip-flop shown in
Figure 3-32. This flip-flop is set upon receipt of an OD 3 shift pulse from the TTY
control. The level developed by the 1 side of this flip-flop is simultaneously applied to
the shift registers as a shift signal and as a conditioning level to a gate. After 2.5
usec, an OD 4 pulse passes the gate and clears the flip~flop. Thus, the level applied
to the registers and gate falls. Inthis manner, a 2.5 usec shift pulse is developed for each
OD 3 shift pulse received from the TTY control. The OD 3 shift pulses are applied when
a shift times level is developed at the times specified in Table 3-1.

Each bit shifted from the last core of a register is applied as a conditioning
level to a gate. This gate is pulsed by each OD 4 pulse which clears the flip-flop. If
the bit shifted out of the register is a 1, the gate is conditioned and the OD 4 clear
pulse is sent to a line flip~-flop in the line register. Note: Refer to Figure 3-33.

e. Line Register
Figure 3-33 shows the 25-line registers and their associated relay circuits.

The line flip-flops are set by each 1 bit that is read out of the OSR, just after the shift.
The flip-flops are then cleared by the shift pulse which shifts the next bit out of the OSR.
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The relay follows the action of the line register. When the flip-flop is in
the 1 state, the relay opens the TTY channel. Thus, a 1 bit causes an open line or space.
Note: Refer to Figure 3-34.

SHIFT

PUL SE
GENERATOR sTop > GT "'? CONTHROL
SEARCH R
COUNTER ALA! ELEMENT
3.2.3)
OR

000 | 2 g ,

(" SET LINE
FLIP-FLOPT

T
o FF

OUTPUT | SET LINE L—i
——t N

REOISTERS T2k 1 2P opsh
(3.2.3) nw-nors\[.:_ _‘209204

2 THRU 24

0oDD 23

SET_LINE w
FLiP-FLop 25 ™| u.o

Y

Figure 3-34. TTY Storage Parity Checking (3.2.3),
Simplified Logic Diagram

6. Message Check

The function of the storage parity checking circuit, shown in Figure 3-34, is
to transmit a TTY parity alarm signal to the alarm control in the case of a storage
parity alarm. This circuit is similar to the G/A-FD storage parity checking circuit.

If any of the parity check flip-flops is set at 51-counter-51 time, the gate which
is conditioned by the 1 side of these flip-flops will pass the stop-~search pulse applied
to it at this time. This pulse will clear the set flip-flops. Readout now starts, and as bits
are shifted out of the OSR’s and into the line flip~-flops, they are also transmitted to the
parity storage checking circuit where they complement the parity check flip-flops.
Since the total number of 1’s in the TTY message, including the parity bit, is even,
all flip-flops should be in the 0 state at the following stop-search time. The 1 sides of
the flip~flops are sampled, and if any flip~-flops are found to be in the 1 state, the TTY
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alarm is transmitted. This alarm also clears the set flip-flops in preparation for the
next parity check.

7. Burst Sequence and Timing

The TTY burst count and comparison are accomplished within the TTY burst
counter and conipare circuits. The TTY burst sequence and timing are identical to the
burst sequence and timing operation of the G/A storage section, except for the number
of bits used. The TTY burst count and compare circuits use a 5-bit burst number; the
TTY burst counter is composed of five flip-flops. This is a standard flip-flop counter,
having a scale of 32. The burst counter is stepped at start search (51-counter-45
time), Figures 3-35 and 3-36 are simplified logical block diagrams of the TTY burst
counter and the comparison circuits, respectively.

8. Switching

The TTY test and duplex switching circuits control the TTY output of the Output
System of each computer. The switching circuits contain relays which provide for the
switching of each of the 25 TTY messages. However, the relay circuits for each message
are identical. For this reason, Figure 3-36A shows a simplified diagram of the TTY
test and duplex switching circuits for only one TTY message.

The relays provided by the TTY test and duplex switching circuits are con-
trolled so that only the Output System of the active computer is presented to the tele-
phone line terminal equipment. Relays are also provided to enable the Output System
on standby status to be switched to the TTY test busses. These relays are operated
during test operations only.
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SUMMARY QUESTIONS

1. A TTY signal consists of seven consecutive intervals. The first interval is the
interval and the 7th interval is the interval. The
remaining five intervals comprise a code specifying a character or command.
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2. There are two possible conditions of the TTY line, i.e., closed is a

and open is a .

3. Start Dbits must be transmitted as open line (1 bits). The three start bits in

the TTY message word are , , and .

4, The search time interval for TTY is from 51-counter-
to 51-counter- .

5. Readout time is from 51-counter to 51-counter- .

6. The parity bits of a TTY message word while in storage is destroyed by

-
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Figure 3-36A, TTY Duplex and Test Switching for Messages 1 and 2 (3.2.3),
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8.
9.
10.
11,

12,

How many TTY characters per TTY word?

How many bits per TTY character?

How many Busy Bits are used with a TTY word?
Right sign must always be a ‘1.” (T/F)

What is the maximum number of words that can be read into the TTY Ferrite

Array in a Burst Period?

13.
14,
15,
16.
17,
18,
19,
20.
21,
22,
23.
24,
25,

26,

How many cores in the counter used to control TTY timing?

Each TTY character has its own start and stop bits. (T/F)

How many bits are loaded into the array with each TTY word?

What are the bits referred to in question No. 15?

What is the function of the TTY OSR?

How long is the 5l1-counter shift FF set during a normal reset operation?
When power is brought up, how long is the 51-counter shift FF set?
What is the name of the relay used with the line registers?

How long is a stop bit?

How long is the ‘“P’’ bit in line FF’s?

Parity is checked for Add ¢¢0’’ when the 51-counter-?

The Line Regs are loaded at what OD time?

The TTY OSR is always shifted at even counts of the 51-counter. (T/F)

The High Speed Shift Control FF in 33KJ (5B) must be cleared in order to

shift the OSR. (T/F)

27,
28,

29,

What addresses would be affected if 33GC HB were open? (3.2.2-8B)
How many outputs of the 51 counter are used for readout of the array?

33 JT F3 open (3.2.3-5A) message would be transmitted correctly with an

occasional TTY output alarm. (T/F) Use one word in.

30.

If in putting outputs to active status one of the active relays fails to pick an

output switching alarm is generated, (T/F)

31.
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G/A-TD Storage Section, Dual Channel Operation

1. The G/A-TD output storage section assembles output words received in parallel
form from the output control element into messages, and then transmits these messages
serially over telephone data channels to control manned interceptors. These messages
are transmitted at a 1,300-pps rate. A simplified diagram of the G/A-TD storage section
is shown in Figures 3-37 and 3-38.

Three G/A-TD messages may be transmitted during a G/A-TD burst period.
Each message is composed of four output words which are separated in groups of two
words and transmitted over separate telephone channels to manned interceptors, via
data-link transmitters. Each G/A-TD data link transmitter that is located within a
given area operates on the same assigned frequency. Selection of a particular data-
link transmitter is established by the site address portion of a G/A-TD message.
If a G/A-TD message is addressed to a particular aircraft in a group of interceptors,
only that aircraft will take action on the transmitted message.

A parity check is performed on each output word to determine whether the
original contents of the output word have been altered. There are an odd number of 1
bits present in each G/A-TD word, as opposed to the even number of 1 bits required
in all G/A-FD, BOMARC, G/G, and TTY words.

The time required to read out all three G/A-TD messages in a G/A-TD core
storage array is 90 ms. This is about equal to G/A-TD search time which is 86.2 ms.
To eliminate the waste of telephone line time which would result if the line were not
used during search time, two. core storage arrays are included in the G/A-TD storage
section. One array receives information while the contents of the other array are read
out to the telephone line channels. Since two storage arrays are employed and search
time for one storage array occurs simultaneously with the readout of the other array,
messages may be transmitted almost continuously.

2. System Operation

The G/A-TD storage section is logically divided into storage readout, control,
message check, burst counting and compare, conversion and switching circuits, as
shown in Figure 3-37. These circuits perform functions similar to the corresponding
circuits of the G/G, and TTY storage sections. However, since the G/A-TD storage
section and word makeup differs somewhat from the other storage section, a discussion
of the G/A-TD circuits follows:

a. Counter Operation

The control circuits consist of the G/A-TD control, the 15 counter and the
17 counter. The two counters control the timing for the G/A-TD storage section. A
brief discussion of these counters follows: The 17 counter is shifted at two rates, a 25-kc
(40 usec) fast-shift rate and the normal 1,300-cps (770-usec) slow-shift rate. The 17
counter controls the shifting of the 15 counter. During one burst period, the 15 counter
is shifted through a complete cycle of operation. A G/A-TD operational cycle consisting
of read-in and readout of the two core storage arrays is described in subsequent para-
graphs. The G/A-TD read-in interval and the readout interval for a single core array
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take place during successive burst periods. Thus two G/A-TD burst periods are re-
quired for one G/A-TD core storage array to complete a cycle of operations. In actual
operation, the read-in and readout functions occur simultaneously; as one core array
is being written into, the other array is being simultaneously read out.

b. Read-In

The read-in operation of the G/A-TD storage section is similar to the
read-in operation described for the G/G storage section except for the differences
stated below.

In general, all counters are reset and primed in order to control the read-in
of the G/A-TD word in the output section. The G/A-TD burst period begins at the first
shift of the 15 counter. Search time for the storage section also begins at this time.
The search level signals the G/A-TD output control element that read-in of the G/A-
TD words can now take place. The G/A-TD output word to be read in is made up of bits
RS through R15 plus an odd parity bit. It is to be noted that only in the G/A-TD section
is an odd parity used. Like the G/G section, a pulse is sent to the CMSR to count the
number of words loaded into each of the three message slots in a core storage array.
One G/A-TD message slot contains four words.

The read-in of the G/A-TD words is completed before 15-counter-15 time.
At 15-counter-15 time the G/A-TD control generates a not-search level and a shift-
phase level. The not-search level prevents the output control element from writing into
any more core registers. The shift-phase level switches core arrays so that the array
just read into will be read out during the next burst period.

c. Readout

Readout of the core storage array that was written into the previous cycle
starts at 15-counter-1 time. In the G/A-TD storage section, two OSR’S are used. At
15-counter-1 time, a clear-column pulse is generated to read out the first column in
one of the selected storage arrays. The column of bits in this array is read out and
sensed by the FA’s where they are amplified to prime the cores of the first OSR. In
the interval between 15-counter-1 and 15-counter-2 time, the word is fast-shifted from
OSR 1 to OSR 2.

At 15-counter-2 time, the second clear-column pulse is generated to read out
the second column of bits from the array into OSR 1. There are now two G/A-TD words
contained in the OSR’s; that is, register address 0 is in OSR 2 and register address 2 is
in OSR 1. The latter is then shifted out in serial fashion only if there is a complete
G/A-TD message made up of four words in a slot. This prevents the transmission of
an incomplete G/A-TD message.

In the interval between 15-counter-2 and 15-counter-3 time the words con-
tained in OSR 1 and OSR 2 are shifted out serially under the control of the 17 counter
to the conversion equipment, to the storage parity checking circuits, and to the test
equipment section, In the storage parity checking circuits, the words are examined
for proper parity (odd). If parity is even, a G/A-TD output alarm will be generated.
Nevertheless, the G/A-TD word is allowed to go out over the phone lines regardless of
output word parity.
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In the conversion equipment, the information is made compatible with the
phone line equipment. The test equipment circuits make use of the information re-
ceived only if a unit-loop-test or computer-loop-test condition exists.

At 17-counter-17 time, the last bits of the G/A-TD words are read out of
both OSR’s; at the same time, a pulse is gated to the 15-counter shift flip-flop. The
output of this flip-flop will generate the next clear-column pulse at 15-counter-3 time.
This, in effect, transfers the third G/A-TD word (register address 1) to OSR 1, where-
upon it will be fast-shifted under the control of the 17 counter to OSR 2. When the next
clear-column pulse is generated at 15-counter-4 time, the fourth G/A-TD word (regis-
ter address 3) is read out of the core storage array into OSR 1. The third and fourth
G/A-TD words are read out of the OSR’s under the control of the 17 counter; this,
then, completes the readout operation cycle for one complete G/A-TD message slot.

3. Storage

a. Core Storage Arrays

The output words comprising the G/A-TD messages are stored in ferrite
core arrays. Each G/A-TD output word is 17 data bits in length and is stored in one
register column of the array. The array has 12 columns and 17 rows and can therefore
store 12 output words. (See Figure 3-39.)
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