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Scope of Manual
1.1-14

PART 1

INTRODUCTION

CHAPTER 1
PURPOSE AND SCOPE OF MANUAL

1.1 PURPOSE

This manual provides a theory of operation for the
Display System in the AN/FSQ-7 Combat Direction
Central and AN/FSQ-8 Combat Control Central. Combat
Direction and Combat Control Centrals in the SAGE Sys-
tem are complex mechanisms of highly developed elec-
tronic schemes. The proper operation and maintenance
of such intricate equipment make it mandatory for oper-
ating personnel and field engineers to have available
an organized compilation of the related theory.

1.2 SCOPE

The AN/FSQ-7 and AN/FSQ-8 are two separate
systems but, with comparatively few exceptions, differ
so little from each other that a combined manual could
cover both systems if the exceptions were noted. This
manual is the result of such an effort; the differences
are listed in Part 7,

1.2.1 Scope of Equipment Differences

Basically, the differences in equipments result from
tactical requirements. The AN/FSQ-8 processes track
data (TD) only; the AN/FSQ-7 processes both radar
data (RD) and track data. This manual, therefore, is es-
sentially the theory of operation for the more compre-
hensive system, the AN/FSQ-7. Material, both text and
illustrations, that would normally be excluded from the
AN/FSQ-8 is set off with an asterisk or, in the case of
the drawings, with a broken line. These devices are used
as an example, and appear only in the beginning of the
book.

1.2.2 Division of Contents

The contents of the manual is arranged in seven
parts. Part 1 is an all-inclusive introduction of display
units. A common deécription and the logic-function re-
lationship of the units to the complete system are given.

The sequence in which the units are introduced dictates
the general order of their detailed discussion in the
manual, Part 2 contains a general theory of cathode-
ray tubes (CRT) and the specific theory of Display Sys-
tem CRT’s. This organization of Parts 1 and 2 was de-
signed to give the reader a broad working knowledge
of the Display System and a reference to the detailed
theory.

Part 3 is the detailed operation of the digital dis-
play (DD) elements, Part 4 presents the detailed opera-
tion of the situation display (SD) elements. Part 5, As-
sociated Equipment, is separated into nine chapters with
a complete chapter devoted to an individual element or
to equipment associated with the Display System, such
as the photographic recorder-reproducer, the display
consoles, the display tester element, etc. Part 6 discusses
the manual data input (MDI) element and its various
input devices. Part 7, titled AN/FSQ-8 Combat Control
Central Essentials, has Chapter 1 introduce the scope of
the differences and Chapter 2 list the specific differences.

1.3 RELATIONSHIP TO OTHER MANUALS

The Display System is logically -a part of all the
systems within the AN/FSQ-7 and -8; thus, this Display
System manual is related to every other theory of opera-
tion manual. This manual is directly related to 3-12-0,
Introduction to AN/FSQ-7 Combat Direction Central
and AN/FSQ-8 Combat Control Central, 3-3-0, Special
Circuits for AN/FSQ-7 Combat Direction Central and
AN/FSQ-8 Combat Control Central, and 3-252-0, Sche-
matics for Display System of AN/FSQ-7 Combat Direc-
tion Central and AN /FSQ-8 Combat Control Central.

1.4 LIST OF NOMENCLATURE

Table 1—1 lists the major units and components
of the Display System. The listing is by unit number, the
official AN designation, and the common name for the
unit,
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TABLE 1-1. UNITS ASSOCIATED WITH DISPLAY SYSTEM, AN/FSQ-7
UNIT FIGURE
NO. COMMON NAME AN NOMENCLATURE CLASS QUANTITY NUMBER
1 Duplex maintenance Duplex Maintenance Console Duplex 2 1-1
console OA-1006/FSQ
22 Main drum Main Magnetic Drum Unit Duplex 2 1-2
RD-158/FSQ
23 MDI Manual Data Input Unit Duplex 2 1-3
SN-169/FSQ
24 SDGE Situation Display Generator Duplex 2 1-4
CV-390/FSQ ,
25 DDGE Digital Display Generator Duplex 2 1-5
CV-391/FSQ
28 MI interconnecting Manual Data Interconnecting Unit Duplex 2 1-6
unit J-726/FSQ
30 Warning light data Warning Light Data Storage Unit Duplex 2 1-7
storage unit RD-31/FSQ
- 45 Duplex switching Computer Switching Control Duplex 2 1-8
C-2045/FSQ
Power Supply Set Control Duplex 1 1-8
C-2046/FSQ
47 Simplex maintenance Simplex Maintenance Console Simplex 1 1-9
console OA-1010/FSQ
91 Warning light inter- Warning Light Interconnecting Unit Duplex 1 1-10
connecting unit J-727/FSQ
177, Patching panel Panel, Patching, Signal Data - Duplex 4 1-11
178 SB-602/FSQ
250 Command Post Command Post Console Simplex 1 1—-12
OA-1013/FSQ
251, PRR Recorder-Reproducer, Photographic Simplex 2 1-13
252 KD-6 (1)
352, CEP IBM 020 Computer Entry Punch Simplex 3 1-14
353,
354
Area discriminator Area Discriminator Pickup Unit Simplex 2 1-15
F-298/FSQ
Aux console Auxiliary Display Console Simplex* 47 1-16
0OA-1287/FSQ
DB Signal Distribution Box Duplex 18 1-17
DD unit Digital Display Unit (SD Console) Simplex 71 1-20
1P-350/FSQ
Digital Display Unit (CP Console) Simplex 11 1-12

IP-3841/FSQ
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TABLE 1—1. UNITS ASSOCIATED WITH DISPLAY SYSTEM, AN/FSQ-7 (cont'd)
UNIT FIGURE
NO. COMMON NAME AN NOMENCLATURE CLASS QUANTITY NUMBER
Digital Display Unit (Type C and Simplex 40 1-16
D Aux Console)
IP-385/FSQ
Light gun Light Gun, Data Selecting Simplex 65 1—-18
MX-1900/FSQ
Optical pointer Lecture Pointer, Electrical Simplex 11 1—-19
MX-2090/FSQ
SD console Situation Display Console Simplex** 91 1-20
OA-1008/FSQ
Semiautomatic camera Still Picture Camera Duplex 2 1-21
KD-16A
Side wing Control Panel, Input Data Selection Simplex 85 1—22
C-1825/FSQ
Control Panel, Input Data Selection Simplex 20 1-23

Special C-2020/FSQ

*Auxiliary consoles: Units 45, 174, and 175 are duplex.
¥#8D consoles: Units 167, 168, and 171 are duplex.

Figure 1—1. Controls for Display System, Duplex

Maintenance Console, OA-1006/FSQ
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Figure 1—2. Main Magnetic Drum Unit, RD-158/FSQ
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Figure 1—3. Manual Data Input Unit, SN-169/FSQ
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Figure 1—4. Situation Display Generator, CV-390/F5Q



VOL I, PART 1 3-62-0 Fig. 1-5
CH 1

Figure 1—5. Digital Display Generator, CV-391/FSQ
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Figure 1—6. Manual Data Interconnecting Unit, Figure 1—7. Warning Light Storage Unit,
J-726/FSQ RD-31/FSQ

COMPUTER
SWITCHING
CONTROL
C-2045/FsQ

POWER SUPPLY
SET CONTROL
C-2046/FSQ

Figure 1—8. Duplex Switching Console
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Figure 1—9. Simplex Maintenance Console, OA-1010/FSQ

Figure 1—10. Warning Light Interconnecting Unit Figure 1—11. Signal Data Patching Panel,
(Rear View), J-727/FSQ SB-602/FSQ
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Figure 1—12. Command Post Console, OA-1013/FSQ
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Figure 1—13. Photographic Recorder-Reproducer Unit, KD-6 (1)

1



Figs. 1-14 to 1-17 3-62-0 VOL 1, PART 1
CH 1

MAIN LINE SWITCH

PRINT HEAD UNIT
CARD HOPPER

CARD STACKER

READ STATION

Figure 1—14. Computer Entry Punch, IBM 020 Figure 1—15. Area Discriminator Pickup Unit,
F-298/FSQ

Figure 1—16. Auxiliary Display Console Figure 1—17. 10-1/2-Foot Signal Distribution Box
(with DD Unit), OA-1287/FSQ
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Figs. 1-18, 1-19

Figure 1—18. Light Gun, MX-1900/FSQ

Figure 1—19. Optical Pointer, MX-2090/FSQ
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Figure 1—21. SD Camera (Unmounted), KD-16A

Figure 1—22. Typical Side Wing, C-1825/F5Q Figure 1—23. Special Side Wing, C-2020/FSQ
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Relation of Display System to AN/FSQ-7 and -8
1.1-1.2

CHAPTER 2
DISPLAY SYSTEM IN THE AN/FSQ-7 AND AN/FSQ-8

SECTION 1
SCOPE

1.1 RELATION OF DISPLAY SYSTEM TO

AN/FSQ-7 AND AN/FSQ-8

The AN/FSQ-7 and -8 Combat Direction Center ac-
cepts air defense intelligence from radar outposts and
other data reception points and evaluates. and summa-
rizes this intelligence for presentation by the Display
System. '

The prime purpose of air defense is to provide
flight-path instructions for interceptor air weapons. To
accomplish this effectively, a clear picture of the com-
piled information must be available to personnel who
are to act upon this data in directing retaliatory air
defense.

The Display System provides this picture. It pre-
sents relevant air surveillance intelligence on the view-
ing screens of specially constructed CRT’s in the form of
bright or dimly illuminated symbols and characters. The
directing staff may act on this information in various
ways. It may, in fact, communicate with the same Central
Computer System that processed and evaluated the in-
formation to be displayed. For example, an operator may
feed back additional data in reply to a request from
the computer device or he may ask the device a ques-
tion. Similarly, he may instruct it to relay a message to
some other operator. The latter statement stresses the

fact that, aside from telephoning, the only way an oper- .

ator can exchange data with another operator is by ask-
ing the Central Computer System to display an appropri-
ate message on the viewing screen on the other operat-
ing position. /

The major paths of communication flow through
the Display System are shown in figure 1—24. Informa-
tion is presented to the operating staff by three prime
means:

a. Through audible alarms and warning lights (to
alert operators to the presence of new informa-
tion or to a rapidly developing or alarming sit-
uation)

b. Through digital displays (a display of detailed
tabular information)

c. Through situation displays (a plan-position type
of presentation of the current air situation)

The operating staff can communicate with the
world outside the site by means of wire and radio-
telephone circuits. The staff can also transmit informa-
tion back to the computer by means of manual interven-
tion switches and light guns. The switches are used to
set up coded messages for delivery to the Central Com-
puter System. The light gun enables an operator to aim
the gun at a part of the display pertinent to the action
and, in effect, say to the computer, “this is the message
you are to act on.” In addition, one function is carried
out automatically by the area discriminator; it picks up
information directly from one of the cathode-ray dis-
play tubes and asks the Central Computer System to
take action without personal intervention from the op-
erating staff.

The types of displays are described below. The

~warning lights and audible alarms are discussed in Sec-

tion 2 of Chapter 8, Part 5.

1.2 TYPES OF DISPLAYS

As indicated in figure 1—24 two types of displays
are made available to operating personnel; i.e., digital
displays and situation displays. Each display has a CRT
unique to its system. The plan-position maps of the air
situation or portions of it are presented on special 19-
inch tubes. Information pertaining to radar tracks, flight
plans, geographical boundaries and locations, weapons
sites, etc., are presented on the viewing screen of this
tube in the form of letters, numbers, special symbols,
and vectors, The letters and numbers are used to assem-
ble short encoded messages that are posted adjacent to
certain points and targets, giving identification and
other descriptive data. One type of display position is
shown in figure 1—25,

Information on selected tracks that is too detailed

_ for the situation display is presented on a digital display

which appears as a 2-column table of letters, numerals,
and symbols on the face of a special 5-inch CRT.

The Display System makes use of two general types
of console: SD and auxiliary. The SD console (fig.
1—20) contains both an SD and a DD tube. The aux-
iliary console (fig. 1—16) may be equipped with a DD
CRT. The installation of the DD CRT in an auxiliary
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console is optional, depending on the console type. An
SD CRT is never employed in an auxiliary console. The
two types of displays are not common to each other
(with the exception of some power supplies) and are
independently controlled.

Display controls enable operating personnel to se-
lect or reject certain types and categories of informa-
tion according to the tactical requirements assigned to
each operating position, This is in addition to the com-
mon facilities for expansion, offcentering, brightness,
and communication controls.

A periodic display summarizing the tactical air sit-
uation is generated by the computer, presented on an
SD CRT, specifically adapted for fine definition, pho-
tographed, and then projected on a large area screen
at the Command Post. This display, brought up to date
every 30 seconds, provides command personnel with a
big-board summary of the current air situation (see the
frontispiece).

1.2.1 Digital Display Elements

The digital display presents supplementary data
that is either too slow-changing or does not warrant dis-
playing its graphic information on a situation display.
The data appears as a tabular array of characters only
(letters, numerals, and special symbols, but no vec-
tors) on the viewing screen of the 5-inch CRT. (See fig.
1—26.) These characters appear in two columns of rows
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with five characters to the row. There may be a possible
maximum of 16 rows in a column.

A digital display changes only when the Central
Computer System orders a new digital display. In the
absence of instructions from the computer, the display
will remain indefinitely. The computer may order a new
display as a result of new information from routine
data processing or as a result of instructions given to
the computer by an operator.

Digital display information prepared by the Cen-
tral Computer System is in binary digital form. This
data form is not readily interpreted until it is changed
to analog voltages (the CRT is in itself an analog de-
vice). The analog voltages, in turn, are changed to the
visual display that is presented to the operator on the
viewing screen of the DD CRT.

1.2.2 Situation Display Elements

The SD CRT viewing screen shows an ever chang-
ing plan-position graphic display of the changing air sit-
uation, with correct geographical relations between
fixed points and moving targets. Additional descriptive
data in the form of vectors and characters (letters, nu-
merals, and special symbols) is posted adjacent to par-
ticular points and targets. The assemblage of this infor-
mation on the viewing screen resembles a message pat-
tern similar to the one shown in figure 1—27. This fig-
ure is not intended to represent an actual air situation;

DIGITAL DISPLAYS

RADAR DATA
_ TRACK DATA
CATEGORY l
SWITCHES ‘ .
SITUATION DIGITAL DISPLAY DRUMS
DISPLAYS DISPLAYS
INTERVENTION
SWITCHES
DISPLAY
TELEPHONE MESSAGES
MODULE
SWITCH
—AURIBE | NPUTS
MANUAL CENTRALR
INPUT > COMPUTE
LIGHT GUN A eTEm

Figure 1—24. Communication Flow between Operating Personnel and Automatic Equipment
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Figure 1—25. One Type of Operating Position

however, it does give a sampling of the tactical and
geographical air situations that can appear. (The de-
tails of each type are explained in Ch. 1 of Part 4.)

A message may consist of a single symbol or a
group of symbols relating to one point or target. For
instance, one type (shown at right center of fig. 1-27)
includes, for the target, a point designating the loca-
tion, a vector describing the direction and speed, a
group of characters specifying target identification,
height and track number, and other information the
Central Computer System has processed. Situation Dis-
play messages are rewritten on the viewing screen of the
SD CRT every 2.62 seconds. If the underlying informa-
tion has not changed or has been deleted, the message
is repeated in the same location. However, if the in-
formation has changed, the next message is corrected
and, if necessary, moved to a new location. In this man-
ner, operating personnel are constantly aware of the
existing tactical air situation.

1.2.2.1 The SD Message

The message on the viewing screen of an SD CRT
and its methods of generation are explained in detail in
Part 4. The CRT itself is covered in Part 2. However, it
will be helpful to understand, in its broader aspects,
how an SD message is made to appear on the viewing
screen.

The tube differs from that of the customary CRT
in many respects. It can also do many things the con-
ventional tube is incapable of performing:

a. It generates complete alpha-numeric characters
(as in typewriting) and character symbols (as
shown in fig. 1-27).

b. It draws vector-line representations.

c. It assembles these characters, symbols, and vec-
tors into a message pattern.

d. It positions the entire message pattern on dis-
crete portions of the viewing screen.

The characters are formed by an extrusion (or
stenciling) process; i.e., a diffuse beam of electrons is
extruded through a selected aperture in the character-
forming matrix. The character selection process uses a
set of electrostatic deflection plates to direct the elec-
tron beam through the selected aperture.

Vector generation is accomplished by focusing the
emitted beam and passing it through a nonrestricting
aperture in the matrix to form a point. This point (or
spot) is then swept as required by a second set of elec-
trostatic deflection plates.

An electromagnetic deflection yoke is used to posi-
tion the message on the viewing screen on the face of
the tube.

Although messages on the SD CRT may appear to
be presented simultaneously, each message is actually
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generated and positioned one character at a time, Figure
4—7 shows the time sequence for the type of message
shown at right center of the situation display of figure
1-27 and described in a preceding paragraph. Each
phase represents an interval of approximately 50 usec.
The message in its entirety takes less than 1,050 psec.
On the completion of this message, succeeding messages
are presented sequentially until all the available SD
messages have appeared.

The message described, a TD tabular track message,
is but one SD type. Others are TD tabular information,
TD vector, and RD messages. (See figs. 4—3, 4—4, and
4-12.) There are up to 1,536 TD and 16,384 RD mes-
sages per SD cycle.

1.2.2.2 Individual Console Rouiing

Except for the signals which unblank (cause to con-
duct) the writing beams, all the signals required for
the display of SD messages are available at each and all
of the many SD CRT’s. However, the full display of
all SD messages would needlessly crowd the screens
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with messages that serve no immediate tactical purpose.
The Combat Direction Center has been arranged in its
distribution so that each console is forced to display only
those classes or parts of messages determined by the tac-
tical problem assigned to the operator. In addition, the
operator can select for display certain classes or parts of
messages. Thus, the information from the Drum System
that is being processed at any given time is forced on
some consoles, can be selected on some, and is unavail-
able at the remaining consoles, The unblanking signals
which accomplish this routing process consist of the
three following types:
a. Category Signals
Each TD message belongs to one of 32 cate-
gories; each RD message, to one of eight. The
classification is determined by the Central Com-
puter System on the basis of the source, subject,
tactical significance, etc., of the message. A mes-
sage accompanied by a category signal is availa-
ble for display at the consoles assigned to that
category, usually as a selected display.
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Figure 1—26. Digital Display Message
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Figure 1—27. Representative Situation Display

b. Display Assignment Bit (DAB) Signals

Each console is assigned a DAB number (from
1 to 90). A TD message containing a DAB cor-
responding to a particular number is available
for display at the console or consoles assigned
to that number, usually as a forced display.

c. Feature Signals

Specific parts of TD messages (e.g., the target
location point) are accompanied by a signal
which allows a specific part of the message to be
selected for display or which forces its display
(bypass features).

At a console, the routing signals which permit dis-
play are applied to selection switches at the operator’s
console. The routing signals for a forced display bypass
these switches. Messages displayed at a console can be
intensified brightly or dimly.

1.3 DISPLAY INFORMATION SIGNALS

All of the information presented on either of the
two displays is prepared by the Central Computer System.
In the case of the situation displays (and, in a compara-
ble manner, for the digital displays), the latest target
information in the form of SD messages must first be
calculated and composed by the Central Computer
System in accordance with one or more of its automatic
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data-processing programs. The information is brought
up to date in each operating cycle to fulfill the high-
speed requirements of the equipment. The information
is generated at irregular intervals, the frequency of
which is determined by the volume of traffic in new radar
target messages. On the other hand, the information must
be made available immediately, continuously, and at a
slow enough rate to match the functional needs of the
Display System.

To meet the requirements, three magnetic drums
in the Drum System are employed as a time-buffer stor-
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age medium. The Central Computer System writes the
information on the drums and the Display System reads
it off independently. Thus, the Drum System acts as a
secondary source of information that makes the time cy-
cles of the Display System substantially independent of
the time cycles of the Central Computer System. While
this is not true in all cases, it is helpful to regard the
display drums as an independent source of signals, mak-
ing it unnecessary to go beyond the Drum System to
understand how the Display System functions, The dis-
play drums generate the basic timing pulses that con-

22

CENTRAL
COMPUTER
SYSTEM
DRUM
SYSTEM
DISPLAY
TESTER
ELEMENT
MANUAL SITUATION DIGITAL
INPUT DISPLAY DISPLAY
e
CONTROL GENERATOR GENERATOR
ELEMENT ELEMENT
| |
| |
, KEYBOARDS, SITUATION DIGITAL
‘é LIGHT GUNS, DISPLAY DISPLAY
5 AREA INDICATOR (NDICATOR
DISCRIMINATORS ELEMENT ELEMENT
I |
| | DISPLAY CONSOLES i
MANUAL DATA- INPUT
OPERATING
PERSONNAL

DISPLAY SYSTEM

Figure 1-28. ‘Display System and Interrelated Systems, Simplified Flow Diagram




VOL I, PART 1
CH 2, SECT. 1

trol the generation and ultimate presentation of the sit-
uation and digital displays. (An exception are the sig-
nals which initiate DD cycles; they are programmed by
the Central Computer System.)

1.4 LOGICAL ORGANIZATION OF DISPLAY

SYSTEM

The Display System deals separately with the prep-
aration of situation digital displays. An SD generator
and the SD indicator element (SDIE) receive and dis-
play situation information (see fig. 1—28). Similarly, a
DD generator and the DD indicator element (DDIE)
process information. Each generator element receives
from the Drum System both timing signals and the
binary-form information that has been prepared for
display by the Central Computer System. The generator
elements perform the necessary storage, timing, and sig-
nal conversion functions by means of which, the signals

for operating the cathode-ray display tubes are rear-

ranged in time and otherwise processed. The SDIE con-
tains all the CRT’s and associated circuits that display
situation data. Each SD CRT and its associated circuits
is called an SD indicator section (SDIS). In the same
way, the DDIE consists of all the DD indicator sec-
tions (DDIS), including those mounted in SD consoles.

The Display System contains other elements;
namely, the signal distribution element and signal data
patching panels. These additional elements distribute
to the individual displays in the indicator elements the
signals developed in the generator element. The display
tester element (DTE) consists of circuits for making
tests on the Display System independently of the Drum
and Central Computer systems. Another unit is the SD
camera element (SDCE) which contains a camera that
makes photographic records of situation displays for re-
view and training purposes. The Display System also
contains the photographic recorder-reproducer element
(PRRE), the Command Post (CP) console, and the
communication equipment of telephone and mainte-
nance lines.

It has been established that the Display System is
logically related to the Drum and Central Computer Sys-
tems. In the same manner, the Display System is related
to the Manual Input and Warning Light Systems. The
SD and auxiliary consoles contain circuits which func-
tion logically as part of the Manual Input and Warn-
ing Light Systems.

1.5 EQUIPMENT RELIABILITY

Fundamental to air-defense equipment is that it

have a 24-hour-a-day operating availability. It was with
this goal in mind that the AN/FSQ-7 and -8 were engi-
neered for the utmost reliability consistent with eco-
nomic operation. Reliability in this context can be de-
fined as maximum operating periods with minimum
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down-time, Some of the more important considerations
in achieving this reliability include the duplex installa-
tion of critical equipment, marginal checking to antici-
pate component degeneration before failure occurs,
catefully selected and engineered components to in-
crease reliability, and programming for error detection.

Duplexing, the method we are concerned with at
this time, involves the duplication of critical equipment.
This method makes it possible for one unit (called the
standby) to be maintained or serviced while a dupli-
cate unit is in operation. Should a failure occur in the
duplicate (active) unit, the standby takes over the op-
eration, with the malfunctioning unit now designated
as, and, in effect, being, the standby.

The next paragraph deals specifically with those
units in the Display System that are affected.

1.6 DUPLEX OPERATION IN DISPLAY SYSTEM

As explained in the previous paragraph, duplexing
dictates that all units whose failure would halt the op-
eration of the Combat Direction Central be duplex (du-
plicated). The duplex units are organized in two groups
(machines or units); ene of these is active and the
other is standby (ready to take over, but being used
for maintenance).

The following units are duplex in the Display
System:

a. The SDGE.

b. The DDGE.

¢. The DTE. This equipment is duplex to assure
continuous maintenance.

d. The signal distribution element.
e. The SDCE.

f. A few portions of the SDIE and DDIE (e.g., the
camera console, the signal data patching panel,
the SDIS and DDIS in maintenance consoles,
etc.). This equipment is duplex to assure con-
tinuous operation and maintenance.

The following units are simplex (not duplicated):

a. The SDIE. The breakdown of any one SDIE
does not affect the electrical operation of the
other units. The tactical assignment of the con-
sole can be assumed by other consoles. In some
cases, another comsole can be adapted to per-
form the functions of the inoperative console.
(Exceptions are indicated in item f, above.)

b. The DDIE.

¢. The Command Post element. The five desks are
not duplexed. The flexibility of the DDIS in the
Command Post (two or more per desk) can

compensate for the breakdown of any one of
the 11 DDIS’s in the Command Post.
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d. The PRRE. Although there are two PRR units
in the system, they are not hooked in as duplexed,
even though one unit can be considered to be
on a standby basis.

The power supplies for all simplex equipment are
duplicated (systems C and D). One system supplies all
active simplex units; the other supplies all standby sim-
plex - units.

Each console can be operated at any time from ac-
tive signal sources and, therefore, active power sources.
If required for maintenance purposes, any one console
can be switched individually to standby signals and
therefore, to standby power.

1.7 CHECKING THE DISPLAY SYSTEM

The Display System, in the same manner as the
computer and the rest of the equipment, is checked by
means of a marginal checking (MC) method. Marginal
checking is the method used for the detection of immi-
nent circuit failure.

With ‘the system using fool-proof devices, rigidly
tested components, and with the best available circuit
techniques, it is still necessary to devise methods of pre-
ventive maintenance, since even the best components
deteriorate. Maintenance on the Display System, and on
the AN/FSQ-7 and -8 generally, has two separate but
related objectives: marginal checking and maintenance
programming. The easiest approach to marginal check-
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ing, it was learned, was to vary one of the supply volt-
ages servicing the unit, which subsequently varies the
corresponding voltage on all like circuits at the same
time. Use of a variable power supply for marginal
checking applies the same voltage excursion to all cir-
cuit groups which use that voltage.

Failure of a circuit is defined in terms of its 1,0
signal characteristics. The circuits must be so engineered
that one or more of their associated supply (power)
voltages may be varied in prescribed quantities without
causing circuit failure when the component parts are
within their specified tolerances. Characteristic varia-
tions of components, outside of accepted tolerances,
must be reflected in a reduction of the voltage variation
sufficient to cause failure. The voltage variation which
causes circuit failure is called the circuit margin. Mar-
ginal checking in itself is not a complete maintenance
method unless used in conjunction with programs for
the particular citcuits to which the MC voltage excur-
sion is applied.

The MC system varies the MC voltages, one at a
time, over large sections of the system. For a more de-
tailed reliability check, a breakdown of these large cir-
cuit groups is made on the expected circuit margins. A
further breakdown is provided for the purpose of fault-
isolation when MC procedures indicate a performance
failure or drastic characteristic change in a circuit or
component.
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SECTION 2 \
FUNCTIONAL OPERATION OF DISPLAY SYSTEM

2.1 DISPLAY SYSTEM FUNCTION

The purpose of the Display System is to present air-
defense information in a manner that will facilitate
rapid tactical interpretation and use of the data. This
data, such as radar returns and weapons and weather
status, is presented on the viewing screens of the CRT’s
constructed for that purpose. Since the information from
the Central Computer System is in binary units, the pri-
mary function of the Display System is to present such in-
formation in a form that can easily be interpreted by
operating personnel. It does this by changing the bi-
nary information to visual intelligence that consists of
letters, numerals, vectors, and special symbols in a pre-
arranged format on the viewing screens of the CRT’s.

That part of the Direction Central or Control Central
which presents or displays this essential information is
designated the Display System. As such, the system con-
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tains the equipment necessary to generate the display
and the consoles which contain the CRT’s that picture
this defense data. These consoles also contain accessory
equipment which is described in Part 5.

Figure 1-29 illustrates signal flow to the Display
System. References to the display generator and display
consoles are found in Parts 3 and 4.

2.2 DISPLAY SYSTEM BREAKDOWN

The Display System can logically be grouped into
four divisions or parts: the DD elements, the SD ele-
ments, the associated equipment, and the MDI as shown
in figure 1—28.

Each group of elements processes a different type
of information. The associated equipment contains ma-
jor components that are associated or connected with
the SD and DD elements.
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Figure 1-29. Signal Flow to Display System
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SECTION 3
OVERALL FUNCTION OF DD ELEMENTS
3.1 SCOPE Two types of signals are delivered from the Drum

The digital display presents information on se-
lected tracks that is too detailed as well as too slow-
changing to appear on the SD CRT. This information,
shown on the DD CRT viewing screen, is in the form of
a 2-column table of letters, numerals, and symbols. The
display remains unchanged until such time as the Cen-
tral Computer System establishes and directs a new dis-
play. In the absence of instructions from the computer,
in ordering a new display, the existing display will re-
main on the viewing screen indefinitely. Figure 1—30 is
a functional block diagram of the DD system.

3.2 DIGITAL DISPLAY INSTRUCTIONS

Digital instructions presented to operating person-
nel on DD CRT’s are prepared in the Central Com-
puter System for delivery to the DD elements through
the DD drum field of the MIXD drum. This drum
acts as a time buffer between the rapid operation of the
Central Computer System and the relatively slow DD ele-
ments.

CENTRAL
COMPUTER

System to the DD elements. One type is the informa-
tion signal that contains the digital information needed
to select the proper characters shown on the 5-inch DD
CRT. The second type is the control signal. This signal
controls the positioning of the characters that are se-
lected for the tabular format and synchronizes the DD
elements operation with the drum operation.

3.3 DIGITAL DISPLAY ELEMENTS

The DD elements contain the DDGE and the DDIE.
The DDGE is a duplex element that receives digital sig-
nals from the Drum System and converts them to analog
voltages and gates which are fed to the DDIE. The
DDIE is an element that is made up of all the DDIS’s.
Each DDIS is simplex equipment that contains the 5-
inch CRT and its associated circuits. The DDIS re-
ceives the analog voltages and gates from the DDGE
and then writes the tabular arrangement of characters
on the face of the CRT.

There are two types of signal flow from the DDGE

v
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Figure 1-31. Digital Display Elements, Signal Flow
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to the DDIE. One is used to select and position the chat-
acters that appear in the displayed outputs. The other
signal flow consists of the gating signals used to con-
trol the operation of the DDIE. Figure 1—31 is a DD
elements block diagram showing the DDGE, DDIE, and
the signal flow.

3.4 TIMING OF A DD CYCLE

The sequence of operations in the DD cycle is con-
trolled by signals and gates generated in the DD tim-
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ing and control section. The duration of the initial pe-
riod varies between approximately 205 and 225 ms. The
actual time would depend on where the drum is, rota-
tionally, when the Central Computer sends an initiate-
DD signal to the generator element. Figure 3—16 shows
the overall timing of a DD cycle,

Although the signals for the DDGE and the SDGE
are separately generated, all signals are run to .a com-
mon point and terminated for distribution by the dis-
tribution element.

SECTION 4
OVERALL FUNCTION OF SD ELEMENTS

4.1 SCOPE

The SD elements of the Display System present a
rapidly changing picture of the present and past air-
defense tactical situation. The presentation is made in
the form of plan-position indicating maps of the air sit-
uation or selected portions of it. Information pertain-

ing to radar tracks, flight plans, geographical bounda-

ries and locations, weapons, sites, etc., appeatr on the
viewing screen of special CRT’s as letters, numbers, vec-
tors, and special symbols. The letters and numerals are
.used to assemble short, encoded messages that are posted
adjacent to particular points and targets in the form of
vectors, giving identification, location, and other de-
scription information.

4.2 SD INFORMATION

The SD element receives its information in the
form of binary words from the Central Computer Sys-
tem through the necessary buffer devices, specifically,
the TD and RD drums. The drums act as a time buffer
between the rapid operation of the Central Computer Sys-
tem and the relatively slow SD elements.

The TD (track data) drum is capable of storing
1,536 8-word messages whereas the RD (radar data)
drum can store 18,432 messages at any given time. Both
of these drums are read by the SDGE approximately
every 2.6 seconds. (The TD drum is read repeatedly at
a rate of 1.6 seconds by the SDGE in the AN/FSQ-8,
since there is no RD drum in that system.)

4.3 SD MESSAGE PRESENTATION

The types of messages displayed by the SD ele-
ment are separated into three main categories in the
AN/FSQ-7, or two main types in the AN/FSQ-8. The
first type, radar messages,* is used to indicate present
and past radar returns. The second, vector messages, is

* Not applicable to AN/FSQ-8; part of AN/FSQ-7 only.

used to indicate flight plans, geographical boundaries,
and other instances where lines and/or designs are to
be shown. The third type is the tabular message. This
type of information presentation is used to indicate cit-
ies, aircraft, airports, and missile or antiaircraft bases.

4.4 SITUATION DISPLAY ELEMENTS

The SD elements contain the SDGE and the SDIE.
The SDGE is a duplex element that receives digital infor-
mation signals from the Drum System and converts
them into voltages that can be used by the SDIE. This -
element also receives the timing and control signals
from the Drum System.

The SDIE contains all the SDIS’s. These sections
all operate alike and are placed at various SD consoles
for the assigned operators. Each SDIS is simplex equip-
ment that contains the SD CRT and its associated cit-
cuits. They receive the signals from the SDGE and
change them into the visual information displayed on
the viewing screen.

There are two types of signal flow between the
SDGE and the SDIE. One is used to select the charac-
ters in the pattern, place the characters in the proper
pattern, and then orient the pattern in the correct posi-
tion on the viewing screen. The second type is used to
control the operation in the SDIE. Figure 1—32 is a
block diagram of the SD elements showing the SDGE,
the SDIE, and the accompanying signal flow.

4.5 SD SIGNAL FLOW AND TIMING

Figure 1—33 is a functional block diagram of the
SD element, showing information flow from the drums
to the SDIE. The drums send to the generator element
the binary information to be displayed, along with tim-
ing pulses, WOW pulses, and other control signals.

The generator converts these binary signals into
the necessary digital and analog voltages. These volt-
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ages are distributed to the various consoles by the cables
and distribution boxes of the. distribution element. Al-
though all signals are wired through all boxes, only
those signals necessary to a specific console’s tactical
assignment are wired in to that console.

The signals thus generated by the generator ele-
ments are classified as variable signals and common sig-
nals. Common signals are applied to all consoles, where-
as variable signals are only applied to selected consoles.

4.6 SDIS SELECTION

Each of the SD messages sent to the SD elements
from the Central Computer is given a category (CAT)
and a display assignment bit (DAB). These CAT’s and
DAB’s select which SDIS’s in the SD consoles will be
intensified for the particular message. If each SDIS
were intensified for each message, the resulting display
would be an intermingling of many messages that
“would be hopelessly unintelligible. This chaotic condi-
tion would result because all messages are sent to each
SDIS; therefore, some such device as that described
above would be necessary to assure discrete displays on
the viewing screen.

4.6.1 Message Category

Each SD message is assigned one of 32 CAT num-
bers on the basis of source, subject, tactical signifi-
cance, etc. This assignment is made by the Central Com-
puter when the message is made up, and the CAT is
sent with the message to the SD elements.

Certain SDIS’s only display messages with a par-
ticular CAT. When a message with the proper CAT ar-
rives at the console, the SD CRT is intensified (un-
blanked), thus activating the phosphors so that the data
can be viewed. When the message arrives at a console
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with the improper CAT (and should not be displayed),
the CRT is not intensified (blanked). When a console
displays a message with a particular CAT, the console
is said to be assigned that CAT.

4.6.2 Display Assignment Bit

The Central Computer assigns at least one of 90
DAB’s to each message. The DAB accompanies the mes-
sage throughout the system.

Certain SD consoles only display messages with a
particular DAB. Like the CAT assignment, the messages
are intensified at the console only when a message is

received with the proper DAB.

4.6.3 Optional Message Display

Any message that has the same CAT or DAB as
that assigned to an SDIS may be displayed. However

_because some of the CAT and DAB assignments are sent

through switches ‘at the SDIS, and if the switch for a
particular CAT or DAB is moved to the off position,
the messages given this CAT or DAB are not displayed.
This is done to give the operator partial control over
the messages that are displayed. On the other hand,
some messages do not have the CAT or DAB sent
through a switch, so that the operator has no control
over their display. These are called forced messages and
will always be displayed at the SDIS regardless of what
action the operator takes at the controls.
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SECTION 5
OVERALL FUNCTION OF ASSOCIATED EQUIPMENT

5.1 SCOPE 5.2.3 Auxiliary Console

The DDIS and SDIS may display the results of the
computer, but it would be of little value unless operating
petsonnel could act upon it. The controls, indicators,
and communicating devices that are part of the operat-
ing consoles provide the means of operator response.
Othier devices contributing to an even greater degree of
display evaluation and flexibility are the PRRE, the SD
camera, and the SD, auxiliary, and Command Post con-
soles. Supporting Components associated with the Dis-
play System, and so designated in Part 5, consist of the
audible alarms, the communication equipment, manual
inputs, the unit status switch, and warning lights. The
DTE, another part of the associated equipment, is used
to check the operation of the Display System by sending
simulated drum signals into the system.

5.2 SUPPORTING COMPONENTS

The SD, auxiliary, and Command Post consoles,
and the PRRE have some controls, indicators, and op-
erating devices in common. Such devices as audible
alarms, communication equipment, MI devices, unit
status switches, and warning lights are located at more
than one operating position. The operation of each is
basically the same, no matter where it may be located
in the system.

5.2.1 Audible Alarms and Warning Lights

By means of the Warning Light System, the Central
Computer can light lamps or sound audible alarms at
the display consoles to alert operators to a situation re-
quiring their attention. With certain exceptions, there
are provisions for as many as 20 warning lights at an
auxiliary display console or 10 in each input data-
selection control panel at an SD console.

5.2.2 SD Console

Most of the SD CRT’s in the Display System are in
SD consoles. (An illustration of a console is shown in
fig. 1—20.) The consoles are simplex with the excep-
tion of certain consoles (as SEE ALLS and others) as-
sociated with maintenance monitoring. Most of the SD
consoles include a DD CRT. In addition, the SD con-
soles are equipped with accessory devices, such as light
guns and warning lights which are logically parts of the
MI element and Warning Light System, respectively.

The majority of the DD CRT’s in the Display Sys-
tem are also in SD consoles, as stated previously. Most
of the remaining DD CRT’s are used in auxiliary con-
soles. There are four types of auxiliary consoles: A, B,
C, and D. The A and B models do not contain CRT’s.
Models C and D do have DD CRT’s. The location of an
auxiliary console is determined by the work that has
been assigned to it. Figure 1—16 illustrates the type C
auxiliary console.

5.2,4 Command Post Console

The Command Post console provides operating
positions for command personnel and staff. These per-
sonnel are continuously informed of the tactical situa-
tion in the air-defense sector by digital displays, warn-
ing lights, and a situation display that is projected on a
large screen above and behind the Command Post con-
sole. As the information is evaluated, the personnel di-
rect certain courses of action, using manual inputs lo-
cated at the console.

5.2.5 Communication Equipment

Telephone and radio communication equipment is
provided at many SD and AUX consoles as a part of the
tactical telephone system. This enables operators to
communicate with other defense personnel inside or
outside the Direction Center or Control Center.
The telephone-control panels are of plug-in modular
construction to facilitate maintenance. The basic tele-
phone/radio module consists of 18-circuit pushbuttons
and 4 special function keys. When additional facilities
are required, a special telephone module containing ad-
ditional 6-circuit pushbuttons is employed. In addition
to the telephone panels, consoles equipped for telephone
or radio service are provided with an illuminated tele-
phone dial and an operator’s headset or handset.

5.2.6 Photographic Recorder-Reproducer
Element .

The PRRE receives the output of the SDGE, con-
verts it for presentation on the 7-inch SD CRT, photo-
graphs the viewing screen, and then projects the proc-
essed image on a large beaded screen mounted ahead
of the Command Post console.

The PRRE consists primarily of two sections, the
SD section and the photographic recorder-reproducer.
The SD section functions in much the same manner as
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the SDIS. The photographic recorder-reproducer is es-
sentially a camera which automatically records the situ-
ation display on 35-mm film, develops, reverses the im-
age, and automatically projects this image for evalua-
tion by command personnel. A new display is recorded
and reproduced every 30 seconds.

5.2.7 Situation Display Camera Element

The SDCE makes a permanent 35-mm photographic
record of situation displays. The records are used for tac-
tical analysis and as training aids. Since records of both
standby and active displays are required, the SDCE is
duplexed. One of the two cameras, depending on which
machine is on active status, records active displays;
the other records standby displays.

The recording device itself is a semiautomatic (still
picture) camera mounted over the face plate of the SD
CRT installed in a modified SD console. This console is
called the SD camera console because it has been spe-
cially modified to accommodate the camera and the con-
trol circuits.

In addition to making permanent records of dis-
plays generated by the active computer, the SDCE re-
cords the results of maintenance programs without in-
terrupting the standby computer. Figure 2—5 shows an
SD camera console with the camera, mounting frame,
and shroud installed.

5.2.8 Display Tester Element

The DTE is employed in testing the digital and sit-
uation display generator and indicator elements in-
dependently of the Drum System. Figure 1—34 illus-
trates the interconnections of the elements with the
DTE. The DTE has provisions for inserting a test mes-
sage into the SDGE or DDGE for subsequent display
on the SDIE or DDIE.

5.2.9 Distribution Element
The signal distribution element distributes outputs
from the SDGE and DDGE to their respective indica-

SITUATION SITUATION
DRUM | | DISPLAY DISPLAY
SYSTEM GENERATOR INDICATOR
ELEMENT ELEMENT
o
+—O0—>
(o]
DIGITAL DIGITAL
‘1’_'!?;}-:; - || DispLay DISPLAY
ST GENERATOR INDICATOR
ELEMENT ELEMENT

Figure 1-34. Display Tester and Drum Systém
Relationship to Display System
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Figure 1-35. Typical Signal Distribution Box

tors (SDIS and DDIS). In addition to distributing the
outputs of the display generators, the signal distribu-
tion element also routes the light gun signals and warn-
ing light signals. The light gun and warning light sig-
nals are associated with the MI element and Warning
Light System, respectively.

5.2.9.1 Distribution Boxes

The distribution box serves the function of making
signals generated by the display generator elements
available to all SD, PRRE, and auxiliary consoles lo-
cated throughout the AN/FSQ-7 and -8 equipment. The
boxes have been engineered to minimize the length of
cable runs and increase the flexibility of the signal dis-
tribution system.

Dimensionally, each distribution box is approxi-
mately 10.5 feet long, 1.5 feet wide, and 3 feet high.
Two such boxes are secured and installed back-to-back
(fig. 1—35). Each box is electrically independent of the
other. One section receives and distributes signals from
the A display generator elements; the other section re-
ceives and distributes signals from the B display gener-
ator elements.

5.2.9.2 Signal Data Patching Panel

The signal data patching panel enables the opera-
tor of an SD console to patch route or transfer signals,
category assignment bits, and category lines from the
SDGE so that they are available to each of the associ-
ated consoles. The patching panel is located next to the
(SEE ALL) SD console, one for each computer. Figure
5—60 illustrates a patch panel and associated SD con-
sole.

The patching panels and associated consoles are
basically maintenance devices and can be used to moni-
tor the displays that should be present on any SD or
DD CRT. The signal data patching panels are part of
the signal distribution element.
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SECTION 6
OVERALL FUNCTION OF MANUAL DATA INPUTS
6.1 SCOPE ticular target on the display when making a request for

The designation SAGE indicates that the design
conception of the overall system was not to be fully
automatic. Although the Combat Direction Central pet-
forms most of its functional operations automatically,
the need for human intervention in tactical air-defense
problems made necessary the MDI element.

The situation and digital display indicator elements
of the Display System present information to the oper-
ating personnel. The MDI element makes it possible for
personnel to act upon this information and make
known to the Central Computer, by means of the direct
entry or drum entry, the resulting decisions. The MDI
also provides the machine with data which does not
lend itself to automatic introduction. The MDI does
this by devices such as CEP’s, area discriminators, light
guns, and the keyboard control panels on the auxiliary
consoles and SD console side wings. Figure 1—36 is a
simplified flow diagram of the manual data input.

6.2 MDI DEVICES

The information channeled to the MDI is the out-
put of one or more of the devices listed in 6.1 and
briefly described below. ‘

6.2.1 Keyboard Control Panel

The keyboard control panel is made up of modules
containing the neon warning lights, audible alarms, and

MI information switches. The warning lights and audi- -

ble alarms are visual and aural alerting devices. The
MI switches arrange binary messages that are conveyed
to the matrix in the MI element. There are various types
of MI information modules containing from 5 to 15
pushbuttons.

6.2,2 Computer Entry Punch
The CEP is also used to channel information to the
MI element. It may be used as a printing card punch
and reader or as a prepunched card reader. This intelli-
gence, either punched or read (or both) on modular
IBM cards, usually consists of availability lists, weather
data, and other, like information.

6.2.3 Light Gun
The data-selecting light gun is a pistol-shaped,
trigger-actuated, photoelectric device. (See fig. 1—18.)
It is used by the operating personnel to designate a pat-

additional, specific information. The request is made by
placing the protruding plunger of the gun adjacent to
and aimed at a bright point of a specified character on
the viewing screen of the SD CRT.

The spectral frequency response of the light gun
has been limited to the bright blue light emitted from
the viewing screen. It is unresponsive to ambient or
incidental light.

6.2.4 Area Discriminator

The area discriminator, like the light gun, is a pho-
toelectric transducer that converts blue light into elec-
trical energy and, like the light gun, has an amplifier
that shapes and amplifies these voltages for proper com-
puter response. The significant difference between the
two is that the light gun is a hand-held mechanism
pointed at a discrete target and operated at will. The
area discriminator, on the other hand, is an automatic
device designed to be responsive to the entire viewing
screen area of the SD CRT.

The area discriminator head is a fixed installation
secured to the console by rigid elevation brackets (fig.
6—4).

COMPUTER
ENTRY
PUNCHES
AREA ‘nglﬁ-')gﬁm sggggm
ENTRY SECTION
DISCRIMINATORS | ]

LIGHT GUNS 4—[: ________

MANUAL DATA CENTRAL
INPUT DIRECT —#» COMPUTER
ENTRY SECTION SYSTEM

AUXILIARY
CONSOLE

SD
CONSOLE |——»
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KEYBOARD
CONTROL PANELS
T

Figure 1—-36. Manual Data Input Element,
Simplified Flow Diagram
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Introduction
1.1

PART 2
CRT’s IN DISPLAY SYSTEM

CHAPTER 1
GENERAL THEORY OF CRT's

1.1 INTRODUCTION TO CRT's

Since the end function of the Display System is to
present the information output of the Central Computer
System, the displaying element or CRT’s can be consid-
ered the heart of this system.

Four types of CRT’s, grouped inte two functional
classifications, are used for display: three SD CRT’s and
one DD CRT. The SD CRT’s present situation infor-
mation; the DD CRT presents digital information. The
type of information (message) that each CRT can pre-

5 INCH DD CRT

sent is given in detail in Parts 3 and 4. Figure 2—1 illus-
trates the relative configuration of each type of CRT. Fig-
ure 2—2, in the form of a simplified flow block dia-
gram, shows the relation of the CRT’s to the major ele-
ments of the Display System. The display indicator sec-
tion (DDIS and SDIS) represents, in each block, one of
many replica units that are driven collectively, in each
group, by a DDGE and SDGE. Comprehensive block
diagrams are shown in those sections of this manual

which discuss each CRT type in detail.

19 INCH SD CRT

7 INCH SD CRT

Figure 2—1. CRT Types Used in Display System
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1.2 DISPLAY SYSTEM CRT’s

The CRT types commonly known and used for os-
cillographic or picture displays contain four essential
parts: an evacuated glass envelope, an electron gun that
will generate and shoot a stream of electrons, a means
of deflecting the electron stream and a screen which
transforms the electrical energy of the electron stream
into light. The CRT’s used in the Display System operate
on the same basic principles; only additional elements
have been added to further control and direct the elec-
tron stream for character display.

3-62-0
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1.2.1 Electron Gun

The electron gun consists of a separately heated
cathode that acts as a source of electrons, a control grid
that limits the number of electrons traveling toward the
screen, a first (or focusing) anode, and a second (or
accelerating) anode. Voltages applied to the first and
second anodes accelerate the electrons and cause them
to be focused into a narrow beam. The cathode, control
grid, and first and second anodes physically have their
axes coincident with the axis of the tube. Electrons
leave the heated cathode in random directions, but most

PART OF DIGITAL DISPLAY |
INDICATOR ELEMENT
(DDIE) |
e, ey st | |
DISPLAY
GENERATOR > INDICATOR DD, CRT -«
ELEMENT SECTION (5 °CRT)
(DDGE) | IS (DDIS) .
v TO
— OTHER
DDIS
VISUAL
ELNTAARY > | > - MESSAGE
PRESENTATION
SITUATION siroation ]
DISPLAY DISPLAY
GENERATOR INDICATOR 7" gg gﬂ:m)
ELEMENT SECTION
(SDGE) Y (sDIs) I
V TO
- OTHER
Sbis PART OF SITUATION DISPLAY
—

INDICATOR ELEMENT
(SDIE)

Figure 2—2. Relation of Display Tubes to Elements of the Display System, Block Diagram

Figure 2—3. Electron Gun Removed from 5-Inch DD CRT
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of them are converged toward. the axis of the tube by
the action of the electric field between the cathode and
the control grid. Figure 2—3 shows the electron gun
removed from the 5-inch DD CRT.

The electrons pass through a space within the first
anode that is almost field-free and enter the space
within the first and second anodes, creating an axial
field. As the electrons leave this field, their paths be-
come less rapidly convergent. However, they are still
headed toward the axis and will meet at a point. If
this point is at the screen, it is said to be in focus. The
forces producing convergence of the beam depend on
the ratio of the voltages applied to the first and second
anodes. By adjusting either of these two voltages, the
point of convergency may be changed. Focus is usually
controlled by adjusting the first-anode voltage.

The beam may be focused on the screen either by
an electrostatic field or by a magnetic field. Similarly,
the beam may be deflected on the screen either by an
electric or a magnetic field.

1.2.2 Screen Phosphors

To convert the energy of the electron beam into
visible light, the area where the beam strikes is coated
with a phosphor materjal which emits light when bom-
barded with electrons of sufficiently high velocities. This
phenomenon is called fluorescence. The continuance of
light output, for a short time after bombardment has
ceased, is-called phosphorescence. All fluorescent mate-
rials are associated with a characteristic relationship
between the intensity of the emitted light and the colors
contained in that light. Some emit a green light; others,
yellow, blue, orange, etc., depending upon the phosphor
or mixture of phosphors used.

All fluorescent materials have some afterglow or
phosphorescence, but the duration of the afterglow (or
persistence) varies with the material as well as with the
energy in the beam.

1.2.3 Persistence of Phosphors

The persistence of the screen is generally desig-
nated by a “P number”. In applications where a CRT is
used for observing periodic phenomena, which occur at
a low repetition rate, a screen material on which the
image will linger is desirable. Such a tube is described
as a “long persistence” tube. Where the image changes
rapidly, a “short persistence” tube is employed. If the
application is such that a tube display will be pho-
tographed, as well as observed directly, a phosphor hav-
ing a spectral light output in the blue range is used.

Of the Display System CRT’s, the 19-inch SD CRT
used in the camera console and the 7-inch SD CRT used
in the PRR have P11 phosphors. The other 19-inch SD
CRT, although identical in every other respect, has a
P14 phosphor, and is used in the SD consoles. The 5-
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Persistence of Phosphors'
1.21-1.24

inch DD CRT employs a P1 phosphor.
The characteristic features of the fluorescent
screens used in the Display System CRT’s are:

Phosphor-P1  Produces a brilliant spot having
green fluorescence and medium per-

sistence.

Phosphor-P11  Produces a brilliant actinic spot of
bluish fluorescence of short per-
sistence. This color is effective for
photographic applications because
of the sensitivity of the film emul-
sion to blue light.

Phosphor-P14 A medium-long persistence cascade
(2-layer) screen. During excitation
by the electron beam, the phosphor
exhibits purple fluorescence of short
persistence. After excitation, it ex-
hibits an orange phosphorescence
which petsists a little over a minute.

To maintain uniform screen potential, increase
light output, and improve contrast, metal-backed phos-
phors are used where practicable. It has been es-
tablished that a major increase in light is obtained if a
large fraction of the light from the bombarded side of
the screen is reflected through the screen. The lighter
elements such as aluminum or beryllium make a suita-
ble reflecting film on the back of a phosphor screen.

"Aluminum is used almost exclusively because it is more

easily adaptable for screen application.

1.2.4 Envelope Coating

Practically all CRT’s are coated on the inside of the
glass envelope or bulb with a conductive coating. The
coating generally used is a trade-named preparation of
graphite. The main function of this coating is to attract
any secondary electrons emitted by the fluorescent
screen. (Different methods of application may be used
to achieve specific characteristics, as in the Display Sys-
tem CRT’s.) If electrons were allowed to pile up on the
screen, it would soon acquire a large negative voltage
which would interfere with the normal operation of
the CRT. However, when the beam strikes the screen,
some of the energy is used to knock off electrons. Such
electrons are known as secondary electrons and may be
considered to have been emitted from the fluorescent
screen. If the number of secondary electrons equals the
number that originally strikes the screen, there will be
no change in the screen voltage. The tube will thus con-
tinue to operate properly.

Another use of graphite coating is to provide
shielding for the electron beam. In some CRT’s there is
no metallic accelerating anode; the dag coating is elec-
trically connected to perform this function in addition
to those previously explained.
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- CHAPTER 2
19-INCH SD CRT's

2.1 GENERAL

The SD CRT is a character-display type of CRT
that was specifically designed to display characters in
an SD message format. The message so presented is a
function of analog voltages since the information rep-
resented on the discrete proportionment of the CRT is
fundamentally that of an analog device.

The tube primarily contains an electron gun, char-
acter selection plates, matrix, convergence coil, charac-
ter position and compensation plates, and a deflection
coil. With the exception of the convergence and deflec-
tion coils, the elements are contained within the evacu-
ated tube.

Figure 2—4 shows two distinct structural sizes of
SD CRT’s. The larger (19-inch) €RT is made in two
types for the Display System. One type is installed in
the SD console; the other is in the SD camera console.
A still picture camera is mounted above the tube in
the SD camera console, as illustrated in figure 2—5.
Both these tubes are identical physically and electrically;
the sole difference is in the screen phosphors. For the
SD camera application, the phosphor is of the P11 type;
so is the other CRT used for recording purposes, the
7-inch' SD CRT. Figure 2—6 is a schematic representa-
tion of the 19-inch SD CRT symbol.

In the SD CRT tubes, the electron gun shoots a
stream of electrons toward the screen. But this stream
is intercepted by various elements that control, direct,
and shape the beam to impinge a particular character
and/or vector on a desired section of the screen. With
the aid of the schematicized view shown in figure 2—6,
the path of a hypothetical electron can be followed.

The electron stream from the gun is deflected both
vertically and horizontally to direct the beam to the
selected character in the matrix. The matrix (fig. 2—7),
in the form of a supported metal disk, has 63 characters
cut through the metal; the remaining area in the 8.x 8
row format is left untouched as a beam inhibitor for
blank space representation. The electron flow directed
to the selected character in the disk is formed or ex-
truded through the character matrix in the shape of the
character selected. Figure 2—8 is a greatly enlarged sec-

tion of the character matrix. This extruded or stenciled
beam of electrons now is headed toward the character
position and compensation plates, but its path is af-
fected by the magnetic field of the convergence coil.

2.1.1 Convergence Coil

The convergence coil is a 3-coil assembly externally
mounted around the gun envelope. The entire assem-
bly contains a deflection trim coil, the convergence coil
proper, and a selection trim coil.

The effect of the convergence coil assembly on the
electron beam is to simultaneously spiral the stenciled
beam on its own axis and on the zero axis so that it is
displaced by a rotational deflection through 90 degrees.
Figure 2—9 shows the effect of the convergence coil on
the character-formed electron beam.

2.1.2 Trim Coils

Current through the windings of the selection trim
coil sets up a magnetic field which opposes the field of
the convergence coil in the area of the selection plates.
This neutralizes the convergence coil effect on the selec-
tion plates and, with the deflection trim coil, effectively
isolates the convergence coil field from affecting the
character selection, and character positioning and com-
pensation plates. Similarly, the deflection trim coil indi-
vidually neutralizes the field effect on the deflection
plates and, with the selection trim coil, isolates the
other elements from the convergence field effect.

2.1.3 Character Position and Compensation
Plates
The beam now reaches the character positioning
and compensation plates where the plates compensate
for the original deflection imparted to the electron beam
and simultaneously reorient the beam by deflection, to

position the character properly in\tlxde‘noleﬁg_tg,e.
2.1.4 Deflection Coil
The electron beam, now a properly positioned
character in a message format, is impinged on the se-
lected portion of the screen by the deflection coil. The
deflection coil field determines the area of the viewing
screen in which the message is to be displayed. The de-
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flection ‘currents energizing the coil are held constant
until all the characters in a message have been displayed.

2.1.5 Viewing Screen and Message Format

The electron beam, in striking the solid materials
of the phosphors, causes the latter to become luminous
in the characteristic shape of the beam. A message simi-
lar to the typical display shown in figure 4—1 can appear
on the viewing side of the CRT face plate. The details
of the formation of such a display is given in Part 4.

The character matrix, of which a single character
has been illustrated as an example, has a total of 64

PN /CONVERGENCE
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possible selections in a pattern of eight columns and
eight rows. (One space in the pattern is left intact to
permit empty space-blank presentation in a message for-
mat.) These characters are the elements of messages
that can be displayed on the face of the SD CRT. Fig-
ure 2—8 shows the arrangement of the characters in
the matrix. The binary addresses along the vertical and
horizontal columns are references that are used and ex-
plained fully in Part 4. The selection of a column and
row is initiated by three binary digits (3 bits) in each
axis. The intersection of the selected column and row

is the selected character.

19 5/16

Figure 2—4. SD CRT Dimensions
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Figure 2—5. 19-Inch SD CRT Employed with Still
Picture Camera

2.1.6 Post-Acceleration Coating

The unconventional shape of the SD CRT, for a
round-face tube, is due to its unusual requirements. The
need to display characters over the entire area of a 19-
inch screen, and the necessary high intensity of illumi-
nation for their display, made this shape optically de-
sirable. In order to realize the required amount of illu-
mination, it was necessary to increase the energy of the
beam. Because of the optical properties of the tube,
beam energy had to be obtained by post acceleration.
This post-acceleration potential is developed across the
helical accelerator (often referred to as a dag coating).
The helical accelerator is located in the portion of the
envelope between the deflection coil and the screen. The
accelerator is a continuous spiral of electrically resistive
material, ruled on the inner surface of the bell portion
of the envelope extending to nearly 7 inches. The con-
ductive coating bands of the helix are about 0.050 inch
in width, spaced 10 turns to the inch. The total length
of the helix is approximately 375 feet; it has a total re-
sistance of about 100 megohms.

This type of accelerator has several advantages
over types consisting of one or more bands of material,
particularly, less distortion of the character-shaped
beam.

2.2 SD CRT FUNCTIONAL OPERATION

The display, which appears on the face plate of the
SD CRT in the form of a message, may consist of charac-
ters and/or vectors. The character is electron-beam-
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shaped when the beam is intercepted in its path by the
selected character cutout in the matrix. The vector, how-
ever, is formed by the electron having been first brought
to a pinpoint focus and then directed through a non-
restricting aperture in the matrix. The beam is then swept
in a given direction for a given distance to produce the
desired vector display. The type of presentation, as a dis-
play, can then be considered to be dependent upon the
control and operation of the CRT elements.

Table 2—1 is a list of the controls and functions
given each element to produce either a character or a
vector in the display. This table, in the form of a sum-
mary, is given in greater detail in Part 4. The function
of each element for a particular display is also given in
detail in Part 4.

In making use of this table, and the subsequent
text, it is assumed that the reader is familiar with the
special circuits (see Special Circuits Manual, 3-3-0) that
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Figure 2—7. 7-Inch SD CRT, Cutaway View

power and control the Display System and therefore the
CRT’s.

Under functional requirement No. 2, the focus
function ensures uniform passage of the electron beam
through the matrix and a resultant pinpoint-dot image
on the viewing screen of the SD CRT. The defocus
function ensures complete inclusion of a sefected charac-
ter within .the cross-sectional area of the electron beam.
The differences in functional requirement No. 5 are in
degree. For character display, the beam can be aimed
at any one of 64 positions on the matrix-disk: 63 indi-
vidual characters or the blank portion of the matrix.
For vector display, the beam is directed at one symbol
of the matrix. Figure 2—8 shows an illustration of the
character-forming matrix with binary addresses. Pro-
jecting the X-axis binary address of 111 and the Y-axis
binary address of 111, the intersection will be seen as a
square cutout in the matrix. Requirement No. 6 is allied
to No. 2. If a defocused beam (as it would be for a
character) were directed at the vector aperture, the
beam would be extruded through in the characteristic
form of a square. The image on the screen would there-
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fore be an enlarged filled-in square. The pinpoint-
focused beam, because of its much smaller relative area,
passes through the same aperture unchanged and is im-
pinged on the screen as an electron spot. In that instant,
function No. 10 takes over, and the spot is swept into a
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line for a given direction and distance by the applica-
tion of a sweep voltage. It is these two elements that
determine the generation of either a character or a vec-
tor.

2.2.1 Character Display, Detailed Operation

The following text, which parallels the introduc-
tion to the basic operation of the CRT’s, contains a de-
tailed discussion of the generated electron beam and
how it is affected on its way to the screen. Individual
functional requirements and associated tube elements
are dealt with in the sequence established in table 2—1.

2.2.1.1 Electron Beam Generation

The electron beam is generated by the electron gun
element in the SD CRT. Figure 2—10 is a simplified
schematic drawing of the electron gun and its relative
location within the envelope of the SD CRT. Fig. 2—11
is a block diagram of the control and supply voltages
required to generate the electron beam. The detailed
discussion of Display System CRT operation is keyed to
the referenced illustrations and text and should be con-
sulted for ready analysis,
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Figure 2—9. Convergent and Rotational Effect of
Convergence Coil on Electron Beam
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The potentials applied to the elements of the elec-
tron gun determine the characteristics (blanked and un-
blanked, intensity, and cross-sectional area) of the elec-
tron beam, The SD CRT is blanked (electrons cannot
pass through control grid aperture) by the fixed bias on
the control grid. An intensity gate applied to the con-
trol grid unblanks the SD CRT. The magnitude of the
gate controls the image intensity (the quantity of elec-
trons passing through the aperture to the tube). The
electrostatic field between the control grid and anode 2
is a fixed electron lens which focuses the electron beam
on the aperture in anode 2. This anode and the acceler-
ating potential applied to it produce a concentrated
beam of high-velocity electrons coincident with the lon-
gitudinal axis of the tube. At this point, unimpeded
progress of the beam would result in a circular image
greater in cross-sectional area than the area originally
at anode 2. To overcome this projecting increase in area,
anode 1 (focusing anode) is physically located adjacent
to anode 2. The electrostatic field between anode 1 and
the two elements of anode 2 form a second electron
lens which will overcome the dispersive effect of mutual
repulsion between the electrons. A fixed-focus potential
applied to anode 1 is adjustable and is set to produce a
pinpoint image on the viewing screen of the SD CRT.

|



Electron Beam Generation
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A defocus gate applied to anode 1 superimposes a posi-
tive voltage level on the fixed focus potential. This
changes the focal effect of the electron lens to broaden
the beam (increase its cross-sectional area).

The heater voltage is supplied from a transformer
winding of the high-voltage unit, model A (AHVU).
The cathode voltage is fixed at —3,300V, obtained
from the high-voltage power supply, model C (cHVP).
The cathode voltage return is tied to one side of the
filament.

The control grid is biased by a voltage obtained
from AHVU. This voltage is adjustable between fixed
potentials (—3,450 and —3,300V by an intensity con-
trol in AHVU.) The bias on the control grid is suffi-
cient to cut off the flow of electrons to the screen
(blanked). The variable gate amplifier, model A
(AVGA), output is fed to the control grid through
AHVU and is the source of intensity gates (unblanking).
The intensity gate signal will overcome the cutoff bias
on the control grid and cause it to conduct electrons,
illuminating the screen and therefore unblanking it. An-
ode 2 is maintained at +45V by AHVU. The voltage
differential between the cathode and anode 2 (3,345V)
is the accelerating potential for the electrons emitted by
the cathode. The potential on anode 1 is adjusted to a
fixed voltage (between —2,700 and —2,300V) by the
setting of a focus control in AHVU. The resultant elec-
‘trostatic field set up between anodes 1 and 2 determines
the cross-sectional area of the electron beam, A defocus
gate, supplied by the variable gate amplifier, model B
(BVGA), is fed to anode 1 through AHVU. This de-
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focus gate is used to vary the cross-sectional area of the
electron beam.

The potentials applied to the elements of the elec-
tron gun determine the characteristics (blanked and un-
blanked, intensity, and cross-sectional area) of the elec-
tron beam.

2.2.1.2 Character Selection

The character selection plates of the SD CRT, in
association with the matrix, select a specific character
for display. The following theory of character selection
operation explains the method of deflection and the ori-
gin of deflection voltage. Figure 2—12 is a simplified
drawing of the character selection plates. The insert
drawing shows the approximate location of the plates
within the envelope of the SD CRT. Figure 2—13 is a
block diagram of the circuits located in the SDGE and
the model A high-voltage unit, which are associated
with the SD CRT.

A significant feature should be noted before pro-
ceeding. In figure 2—13, the horizontal selection de-
coder feeds the vertical character selection plates. This
would appear to be an obvious error, but the effect of
the convergence coil (refer to 2.1.1) on the path of the
electron beam makes this necessary. The electron beam
rotates \ egrees in passing through the convergence
coil area of the magnetic field. To compensate for this
effect, the matrix is reoriented 90 degrees in the counter
direction. The 90-degree rotation has the effect of inter-
changing the X and Y axis. For this reason, X-axis se-
lection voltages must be applied to the vertical selection
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Figure 2—11. Electron Gun, Control and Supply Voltages, Block Diagram
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TABLE 2—1. SD CRT FUNCTIONAL REQUIREMENTS AND ASSOCIATED TUBE ELEMENTS
FUNCTIONAL REQUIREMENTS

NUM-
BER CHARACTER DISPLAY VECTOR DISPLAY SD CRT ELEMENT

1. Generate an electron beam. Generate an electron beam. Electron gun

2. Defocus the beam. Focus the beam. Anode 1

3. Intensify (bright or dim) the Intensify (bright or dim) the beam. Control grid
beam.

4. Accelerate the beam. Accelerate the beam. Anode 2

5. Aim the beam at a character. Aim the beam through the vector Character selection plates

aperture.

6. Form the beam in the shape Pass focused beam unchanged. Matrix
of the character.

7.  Spiral the beam through 90 Spiral the beam through 90 (450) Convergence coil
(450) degrees and make it degrees and make it intersect the
intersect the longitudinal longitudinal axis of the SD CRT.
axis of the SD CRT.

8. Cancel deflection applied in Cancel deflection applied in No. 5, -

No. 5, above. above.

9. Position character-formed Position the pinpoint-focused beam  One set of character compensation,
beam in the required loca- in the required location in the mes- character position, and vector
tion in the message format. sage format. generation plates

10. — Sweep the beam in a given direction -
through a given distance.
11.  Position the message on the Position the message on the face of Deflection yoke

face of the SD CRT.

the SD CRT.

plates. Similarly, the Y-axis selection voltages must be
applied to the horizontal selection plates.

The character selection plates generate electro-
static-deflecting fields as a function of analog voltages.
An electron beam passing through such a field is de-
flected in the direction of the more positive plate. The
beam deflection is proportional to the voltage differen-
tial applied to the plates (forward velocity is assumed
constant). Figure 2—12 shows the path of an electron
beam uader three different conditions. Path A depicts
an undeflected electron beam. The voltages on plates U
and D are equal and the voltages on plates L and R
are equal. Path B represents an electron beam deflected
in the vertical position only. To produce this result,
deflection plate U is positive with respect to plate D.
Plates L and R still have an equal potential. Path C
represents an electron beam deflected both vertically
and horizontally. To achieve this effect, plates U and L
are each more positive than plates D and R, respec-

tively. By the application of appropriate voltages to the
deflection plates, the electron beam is accurately directed
to any selected point on the reference plane or, as is
physically the case, the character matrix.

The character selection voltages are generated in
the SDGE (fig. 2—13). Binary input levels are applied
to two 3-bit decoders, one decoder for each axis (X-Y)
of deflection. The two decoders are packaged as a single
unit and designated as the 6-bit binary decoder. There
are eight combinations of binary levels for each axis.
As a result of these inputs, the binary decoder pro-
duces an analog voltage output at one of eight possible
corresponding levels. Each level corresponds to a row
(X-axis) or column (Y-axis) in the character matrix.
These analog levels are fed to the analog driver which
drives the corresponding selection-centering and ampli-
tude-control circuits. The control circuits are tied to
their respective character-selection plates as indicated

in figure 2—13.
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2.2.1.3 Electron Beam Shaping

As described in the introduction (par. 1.1 of this
part), the electron beam is formed and shaped as an
extrusion or stenciling of the particular character cut-
out in the matrix (fig. 2—14). There are 63 such char-
acters in an equidistant format of eight columns and
eight rows. There is a blank space for the missing 64th
character to permit space-blank presentation in a mes-
sage format. The size of the characters in the matrix
is about 1/10 the size of that area presented on the
screen by the projected numbers, letters, or symbols
which are the characters in a typical display message.

Besides the character representation, another im-
portant factor in the formation of the beam is its cross-
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sectional area. The area of the beam must be greater
than the cutout area in the matrix for full character
extrusion.

For vector generation or point selection, the beam
is first reduced to a focused point for unimpeded prog-
ress through the vector aperture in the matrix. Figure
2—15 illustrates the relative area requirements for the
electron beam.

2.2.1.4 Electron Beam Convergence

The character selection plates divert the electron
beam from its axial path in the SD CRT. To overcome
this effect, the beam must be converged to nearly its
original shape and course for further control. The con-
vergence coil is used to counteract the effect of the

REFERENCE
PLANE

HORIZONTAL
SELECTION
PLATES

Figure 2—12. Character Selection Plates, Effect on Electron Beam
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Figure 2—13. Character Selection Control Circuits, Block Diagram

character-selection plates on the beam. The deflection
imparted to the beam by the selection plates is designed
to intersect the matrix at the selected character. In
figure 2—16, where this intersection is illustrated, the
focusing effect of the convergence coil’'s magnetic field
can be followed, from left to right.

As seen in figure 2—16, if the four electron beam
paths are extended in a straight line from the point of
emergence from the deflection plates to each of the four
selected characters, the individual beam paths are ob-
viously divergent. Before any one of the beams (the
four beams represent four typical characters) can be
further controlled, the beam must be returned to the
same focal point on the longitudinal axis. This is ef-
fected by generating a uniform magnetic field whose
lines of flux are parallel to the axis of convergence.
This magnetic field is created by the SD CRT convet-
gence coil.

Figure 2—17 shows the convergence effect of the
magnetic field caused by the convergence coil. The
heavy lines, running from left to right, represent the
beam paths of four different respective characters. Each
is initially deflected to a different point through the
character matrix. The individual beams continue in
straight lines to the convergence coil area, where each
enters the magnetic field at a different angle. The con-
vergence force of the field on the electron beam is pro-
portional to the angle of deflection. Consequently, the
outer beams are subjected to a greater bending force

than the inner beams, with the result that all deflected
beams ultimately intersect at one focal point on the
longitudinal axis. In addition to the convergent effect
of the magnetic field, a rotational or spiraling force is
exerted on the electron beam. '

The sum of the forces exerted on the electrons in
the beam produces a resultant which imparts a side-
ward and inward (convergent) force on a beam. Fig-
ure 2—9 shows the combined effects of these forces on
an electron beam stenciled by the character W. The an-
gle formed by the electron beam and the longitudinal
axis of the SD CRT (after the beam leaves the mag-

Figure 2—14. Character-Matrix Effect on
Electron Beam
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Figs. 2-15, 2-16
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netic field) is identical with the angle of deflection im-
parted by the character selection plates.

The circuits which control the extent of rotation and
ensure a constant point of convergence of the electron
beams are shown in block form in figure 2—18. This
point of convergence and the degree of rotation are a
function of magnetic field strength and electron beam
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Electron Beam Convergence
2214

velocity. Convergence coil current determines magnetic
field strength; accelerating potential determines beam
velocity. If either varies, the point of convergence and
degree of rotation will vary, producing misalignment
and tilting of characters in a message display. The
model A convergence current regulator (ACCR) con-
trols convergence coil current to prevent any variation.
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Figure 2—17. Effect of Convergence Coil in Returning All Beams to Reference Plane Axis
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The model A high-voltage unit provides a correction
voltage which varies about a nominal voltage of —300V,
This variation is proportional to accelerating voltage
variations. The ACCR output current is a function of
this correction voltage variation and compensates for
electron beam velocity variations. Thus, if the beam
speeds up, the magnetic field is strengthened. If the
electron beam slows down, the magnetic field is weak-
ened. Nominal magnetic field strength is set by means
of the convergence current controls. These controls
have the greatest influence on beam rotation and point
of convergence. Final adjustments are made with the se-
lection and deflection trim adjustments.

The selection trim coil serves two functions. It iso-
lates the selection plates from the convergence coil mag-
netic field and permits precise adjustment of rotation
within a range of approximately 4 degrees. The deflec-
tion trim coil also serves a dual purpose. It enables pre-
cise control of the point of convergence within the
area of compensation and positioning plates, and iso-
lates the convergence coil magnetic field from these
plates.

2.2.1.5 Character Compensation and
Positioning

After leaving the convergence coil area, the elec-
tron beam passes between the compensation and posi-
tioning deflection plates. The method of deflection is
the same as that discussed in paragraph 2.2.1.2. Figure
2—19 shows the approximate location of the character
compensation and positioning plates within the tube
envelope.
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The circuits providing the control voltages to the
deflection plates are shown in block form in figure
2—20. Binary position and compensation-determining
levels are converted into analog voltages by the respec-
tive decoder in the SDGE. The analog voltages are
fed through the model A high-voltage unit AHVU
to the deflection plates of the SD CRT by the respec-
tive analog line drivers (ALD). The compensation volt-
ages are the character selection voltages with reversed
polarity, which nullify the character selection deflection
and make the electron beam coincident with the longi-
tudinal axis of the SD CRT. Applied simultaneously,
the positioning voltages impart a new deflection to the
electron beam which positions the selected character in
the required location within a message format. In ef-
fect, the compensation and position plates straighten
out the beam and reposition it. The vector-generation
function of these plates is discussed in paragraph 2.2.2.

2.2.1.6 Message Deflection

Each message unit, consisting of a vector and/or
character, is deflected to a particular location on the
viewing screen of the SD CRT by the deflection coil.
Figure 2—21 shows the coil with one pair of deflection
windings. The inset drawing shows the approximate
location of the coil around the neck of the tube enve-
lope. The coil is wound on a square form. There are two
windings. The black winding on the top and bottom
sides of the coil is a continuity between the power sup-
ply and the deflection driver (DEF); similarly, the white
winding is continuous to the control circuits.
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ACCELERATOR-

VIEWING
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colL
ADJUSTER

DISPLAYED
CHARACTER

Figure 2—19. 19-Inch SD CRT, Cutaway View
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Figure 2—20. Character Position, Compensation, and Vector Generation Control Circuits, Block Diagram

Electron flow through the black winding generates
a magnetic field of opposing polarity to that generated
by the white winding. The vertical sides of the coil (not
shown in figure) have the same type of windings.
This results in a magnetic field of variable strength and
reversible polarity that can be generated along each axis
(horizontal and vertical) with the neck of the SD CRT.
The magnetic field strength is a function of the magni-
tude of the electron flow. The polarity of the field is
determined by the winding which carries the greater
electron flow.

Figure 2—22 illustrates the field-generating prop-
erties of the windings on one vertical side of the coil.
The discussion concerning these windings applies
equally to the windings on each of the other three sides
of the coil. Solid and dashed lines are used to distin-
guish between the two windings and their respective
fields. As shown, electronic flow in the solid-line wind-
ing (I;) is in a counterclockwise direction and produces

a north pole at the top of both vertical coil members.

Electron flow (I;) in the dashed-line winding is in a
clockwise direction and produces a north pole at the
bottom of both vertical coil members. With I, greater
than I, the solid-line magnetic field is the stronger. An
electron beam directed into the page is deflected to the
right. With I, greater than I,, the dashed-line magnetic

field is stronger, and an electron beam directed into the
page is deflected to the left. With I, equal to I, the
magnetic fields are completely neutralized, and the beam
is not deflected. Thus, horizontal deflection is a func-
tion of the electron flow in the vertical coil windings.
Similarly, vertical deflection is a function of the electron
flow in the horizontal coil windings. The electron flow
in the vertical windings is controlled by two tubes op-
erating in push-pull. An increase in I; occurs simultane-
ously with a like decrease in L.

Figure 2—23 is a block diagram of the circuits
which are utilized in message-positioning. The 10-bit
binary decoder produces an analog voltage as a func-
tion of 10 binary levels. There is one decoder for each
deflection axis. The decoder outputs are applied to the
respective deflection amplifier and driver together with
a reference level from the decoder simulator. The de-
flection drivers and amplifiers maintain a linear relation-
ship between this analog voltage input and the currents
supplied to the windings in the deflection coil. Thus, a
direct relationship between digital-positioning informa-
tion and message-deflecting currents is established to
permit precise positioning (within 1/1024 increment of
total deflection along either axis) of a message on the
viewing screen of the SD CRT.
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2.2.1.7 Character Display Summary

_ An intensity gate and a defocus gate applied to the
appropriate elements in the electron gun provide an
electron beam of a large cross-sectional area. The beam
is accelerated toward the character selection plates. Ana-
log voltages applied to these plates deflect the electron
beam to a character on the character matrix. The elec-
tron beam, in passing through the matrix, is extruded
into the shape representing the character and enters the
magnetic field of the convergence coil. The magnetic
field converges the beam to intersect the longitudinal
axis of the SD CRT in the area of the character position
and compensation plates.

Analog compensation voltages applied to the char-
acter-position plates bend the beam to coincide with the
longitudinal axis of the SD CRT. Simultaneously, ana-
log-positioning voltages applied to these plates deflect
the electron beam to the required position in the mes-
sage format. The electron beam next enters the deflec-
tion coil area. Analog currents in the deflection coil
windings generate a magnetic field which deflects the
electron beam to the required point on the viewing
screen of the SD CRT.
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Figure 2—21. Deflection Coil, Horizontal
Windings, Simplified Drawing
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Note

During convergence, the magnetic field rotates
the electron beam by 90 degrees in a counter-
clockwise direction (viewed from the face).
The character matrix is oriented in a position
(rotated 90 degrees from the vertical in a
clockwise direction) to compensate for the ro-
tation caused by the convergence coil.

2.2.2 Vector Display, Detailed Operation

The procedure for producing a vector is summa-
rized in table 2—1. A discussion of the vector display
operation follows.

The vector intensity gate unblanks the SD CRT.
The gate width is 50 usec, twice as long as the character
intensity gate. Two factors determine the characteristics
of the vector intensity gate. First, the vector is generated
by a moving electron spot or point. The intensity of the
point must be increased to produce a vector with an
overall intensity equal to the intensity of the character.
Second, all vectors are generated in the same length of
time, irrespective of vector size. When a dim image of a
vector is required, the intensity gate is correspondingly
reduced in amplitude. Refer to the discussion of the
model A variable gate amplifier for a more detailed dis-
cussion of the intensity gates.

The electron beam must have the smallest cross-
sectional area possible. The focus adjustment in high-
voltage unit model A determines this area. A focus gate
can be considered the absence of a defocus gate. In the
absence of the latter, the adjusted focus of the electron
beam prevails. As shown in figure 2—15, this adjust-
ment permits unchanged passage of the electron beam
through the character matrix.

The character selection plates deflect the electron
beam into and through the vector aperture in the char-
acter matrix. The convergence coil directs the beam at
the point of convergence between the character posi-
tion and compensation plates. Here, as in character dis-
play, the beam is returned to the longitudinal axis of
the SD CRT by the application of analog voltages op-
posite in polarity to the character selection analog volt-
ages. Simultaneous with the application of these cor-
rection voltages, analog vector-positioning voltages are
applied, deflecting the electron beam to the vector point
of origin in the message format. Immediately thereafter,
sweep voltages are superimposed on these voltages at
the character position plates. The electron beam is swept
by the varying pairs of potential (X and Y), producing
a straight-line image of the required direction and
length.

The entire message presentation (or format), of
which the vector is a part, is positioned on the face of
the SD CRT by the deflection coil.
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CHAPTER 3
7-INCH SD CRT

3.1 GENERAL

The 7-inch SD CRT is similar, operationally, to the
19-inch SD CRT except with respect to the following:
the location of the character matrix, flexible placement
of the convergence coil, and the addition of an auxiliary
focus coil. Figure 2—24 is a schematic representation of
the 7-inch SD CRT symbol.

The character matrix in the 7-inch tube is located
in the center of the convergence field. In the 19-inch
tube, the matrix is fixed at the electron gun end of the
convergence field. The convergence coil can be moved
and set-positioned along the neck of the 7-inch CRT.
The 19-inch SD CRT convergence coii, as such, is fixed.
The auxiliary focus coil employed on the 7-inch tube
is used to ensure maximum definition of display. This
tube is used exclusively for photographic reproduction,
thus making extreme definition essential for subsequent
large-screen image projection. As a further aid to faith-
ful photographic recording, the viewing screen phosphor
emits a blue light to which photographic emulsions are
sensitive. This P11 phosphor is also employed for the
19-inch SD CRT used in the camera console.

With the exception of the differences already enu-
merated, the 7-inch SD CRT is very much the same as
the 19-inch SD CRT. Therefore, for detailed operation,
reference should be made to the 19-inch tubes. The fol-
lowing discussions are limited to the differences only.
Figure 2—7 is a cutaway view of the 7-inch SD CRT,
showing the location of the character matrix and the
focus coil.

3.1.1 Auxiliary Focus Coil

The object of this additional coil, as previously
stated, is to ensure sharply defined displays necessary
for reproduction. It does this by realigning the elec-
trons diverging from the beam proper. These electrons
would normally be projected as blurred, indistinct im-
ages. With the aid of the auxiliary focus coil, the pro-

jecting and deflected electrons are compelled to follow .

a path that will make them meet with the main body or
beam of electrons that come into the focus coil field.
See figure 2—25. The size of this path is such that elec-
trons which are far off the longitudinal axis of the beam
will come into the magnetic field almost parallel to the
axis. All electrons will now be heading directly toward
the crossover point with the same velocity and at the
same time. If all the electrons now require the same
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Figure 2—25. Focusing Coil Effect on Character-Formed Electron Beam

length of time to pass through the magnetic field, they
will meet at a common point. If the strength of the
magnetic field is adjusted so this common point is at the
fluorescent screen of the tube, the beam will be sharply
defined and capable of being recorded for large-screen
projection.

As is the case with the convergence coil, or any de-
vice producing a magnetic field, a spiral rotation is im-
parted to the electron beam by the focus field. This is
offset by an opposing field produced by a bucking wind-
ing of the dual-winding focus coil. Therefore, no addi-
tional compensation for rotation is necessary for the
focus-coil field effect.

3.1.2 Character Matrix Location

The location of the character matrix is not the same
as it is in the 19-inch SD CRT. The placement of the
7-inch matrix in the center of the convergence field was
again an effort.to obtain maximum display recording
quality.

Ideal character-forming of the beam is accom-
plished if the electron beam enters the character matrix
perpendicular to the plane of the matrix. This, of course,
is the logical physical placement for electron-beam char-
acter-stenciling, with minimum distortion. As shown in
figure 2—16, the electron beam enters the convergence

_field at a deflection angle. However, in the center of the
field the angle of deflection becomes zero, and the elec-
tron beam is parallel to the axis of the tube. It is at this
point in the field that the character matrix in the 7-inch
SD CRT is located. The spiraling effect of the conver-
gence field imparts a 90-degree rotation to the cross-
sectional area of the electron beam. Since the character
matrix is located in the center of this field, the beam is
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rotated 45 degrees before it reaches the focus coil field.
It will be remembered that the 19-inch SD CRT matrix
was placed before the convergence coil field, thus im-
parting a 90-degree rotation to the emanating beam. In
the manufacture of the 7-inch tube, the matrix is physi-
cally counter-rotated to its normal axis to offset the ro-
tation of the beam, so that the image is upright on the
viewing screen.

3.1.3 Convergence Coil

The 7-inch convergence coil has the same function
as the 19-inch convergence coil. They differ only in the
adjustments and physical method of coil placement
about the neck of the tube. The 7-inch tube coil is
mounted to an inner mu-metal shield which rides along
a slot in the main shield by means of a screw-thread
device. See figure 5—6. The point of convergence and
isolation of the convergence field are established by the
manual-positioning of the convergence coil. The coil
mount is designed to accomplish this ‘with a minimum
of adjustment.

In addition to the differences already mentioned,
the convergence coil on the-7-inch CRT has an extra
winding. This winding is a horizontal and vertical cen-
tering coil superimposed on the convergence coil. This
coil, in the form of a quad pancake winding, is arranged
so that the field of one pair of coils will affect the X axis
of the electron beam; the field of the other pair, the Y
axis. In this way, it is possible to control the yaw, pitch,
and vertical and horizontal positioning of the electron
beam. These controls bring the beam up into reference
as required. The field strength adjustments of the verti-
cal and horizontal centering coils are controlled from
the operating position of the PRRE unit.
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5-Inch DD CRT, General
4.1

CHAPTER 4
5-INCH DD CRT

4.1 GENERAL

The DD CRT (performs the same basic operation
as SD CRT’s) displays characters (fig. 2—26) as a func-
tion of the analog voltages applied to its electrodes.
Figure 2—27 is the symbol used to represent the DD
CRT in schematic diagrams.

The two types of tubes can best be compared by
referring to figures 2—28 and 2—29. It can be seen that
the DD CRT employs electrostatic deflection by means
of deflection plates. The SD CRT uses a deflection coil
for magnetic deflection, to position the message on a
predetermined portion of the screen. The DD tube em-
ploys a storage element to enable a continuous display,
if so desired, on the viewing screen. This storage ele-

DD CRT FACE PLATE

ABCD

2 EFGH
S 1T JKL
4 MNOP
5 QRST
6 UVWX
7 YZ4+ 1
8 XXXX
9 0000
O AAAA
1 YYYY

2 ————

3 WM
4 PP
YR A AR

ment consists of a flood gun (electron gun) and three
grids between the flood gun and the phosphor of the
viewing screeen. These grids or coatings are called stot-
age mesh, collector mesh, and ion repeller mesh, in line
from the phosphor to the flood gun.

The phosphor of the DD CRT viewing scteen is of
such short persistence that it enables the instantaneous
erasure of a message. This is a functional requirement
of the tube. For this reason, the methods of creating an
image on the face plate of the DD CRT differ from
those of the SD CRT. With the exception of these major
differences, the other elements of the DD tube function-
in much the same manner as comparable elements in the
SD CRT. The physical dimensions of the DD CRT are
given in figure 2—28.

ST

Figure 2—26. Typical Digital Display Characters
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Basic Operation
4.1.1-4.1.2.2

4.1.1 Basic Operation

The image displayed on the DD CRT is initiated in
the same manner as that in the other CRT’s described.
The electron gun generates a beam of electrons each
time the control grid is fed a positive-going voltage.
The beam is then deflected through the desired charac-
ter in the character matrix by the character selection
plates. The resultant stenciled beam is shaped in the
form of the selected character. The rotated beam is re-
turned to the longitudinal axis of the tube By the con-
vergence coil before it reaches the character compensa-
tion plates. The character deflection plates position the
character-formed beam to the proper location in the
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Figure 2—27. DD CRT Symbol
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message format. The beam continues to the storage
mesh where it writes the character into the mesh.
The flood gun is a constant soutce of low-velocity

- electrons. These electrons are sprayed out in the shape

of a cone with the apex at the emitter of the flood gun
and the base of the cone at the phosphors. The base
covers the entire viewing surface of the tube. This spray
of electrons passes through the electron-transparent por-
tions of the storage mesh to impinge on the phosphors
and produce a visual display of the character written on
the storage mesh.

A negative erase gate is applied to the collector
and storage mesh. This, as mentioned previously, will
make the storage mesh opaque to flood-gun electrons
ptior to writing a new message. Provision is also made
for the manual-controlled erasure of the DD message.

4.1.2 Detailed Operation

The detailed operation of the DD CRT is confined
to those areas which are peculiar to or different from
the elemental operation of those tubes already described.
However, the control citcuits for all the DD CRT ele-
ments are discussed briefly and in the sequence listed in
table 2—2.

4.1.2.1 Electron Gun

The electron gun of the DD CRT provides a defo-
cused beam each time an intensity (unblanking) gate is
applied to the control grid. (Fig. 2—30 is a block dia-
gram of the control and supply voltage circuits for the
electron gun.) Since the DD message consists of charac-
ters only, a defocus gate is not required (as was em-
ployed with the SD CRT) because the beam is normally
defocused. Anode 1 voltage is supplied directly from
the focus control in the BHVU. This control is adjusted
to give the beam a cross-sectional area which will en-
compass the largest character cutout in the matrix. Once
the proper adjustment is made, the beam will remain
constant. The heater is supplied with 6.3V, one side of
which is the —3,150V cathode return from the cHVP.
The bias on the control grid keeps the tube at cutoff un-
til overcome by the positive pulse of the intensity gate.
This intensity gate or unblanking signal is fed through
the cVGA and BHVU to the control grid of the electron
gun. The electron beam will pass through the DD CRT
to the storage mesh only when the intensity gate is pres-
ent.

The accelerating anode (or anode 2) is tied to the
+45V tap of a voltage divider in BHVU. This 445V
added to the —3,150 cathode voltage provides an ac-
celerating potential of 3,195V,

4.1.2.2 Character Selection

The character selection plates of the DD CRT func- \
tion in much the same manner operationally as their
counterparts in the SD CRT. Refer to paragraph 2.2.1.2
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Figure 2—28. DD Cathode-Ray Tube

of Chapter 2 for a detailed explanation of the deflec-
tion necessary for character selection. Figure 2—31 is a
block diagram of the control circuits for the character
selection plates of the DD CRT. Binary levels applied
to the character selection decoder are converted into
corresponding analog voltages. These analog voltages
are power-amplified by the analog line drivers and fed
through the control networks to the selection plates. As
with the SD CRT, the horizontal and vertical deflection
voltages are applied to the vertical and horizontal plates,
respectively. This is due to the mounting of the charac-
ter-forming matrix (rotated 90 degrees clockwise viewed
from the front) in a position to compensate for con-
vergence coil rotation of the electron beam.

4.1.2.3 Electron Beam Convergence

The DD CRT convergence coil is identical in opet-
ation to the convergence coil in the SD CRT’s. Refer to
paragraph 2.2.1.4 of Chapter 2 for the detailed con-
vergence coil function. Figure 2—32 is the block dia-
gram of the DD CRT convergence coil control circuits.
The trim coil current is controlled by a single potenti-
ometer connected in parallel across the trim coil proper.
This method of connection differs from the trim coil
circuit in the SD CRT (fig. 2—18). However, the ab-
sence of vectors in DD messages permits this method of

control. The point of convergence in the DD CRT cor-
rects for selection beams of a relatively large cross-
sectional area (compared to electron beams employed
in vector generation) and is adjustable to the same pre-
cise limits as in the SD CRT. The trim coils, as well,
have a degree of control precision of rotation and point
of convergence comparable to the SD CRT’s. The high-
voltage units and convergence current regulators serve
the same functions as their counterparts in the SD CRT
control circuits.

4.1.2.4 Electron Beam Compensation

The character compensation plates electrostatically
compensate for the deflection given the electton beam
by the character selection plates. This compensation or
neutralization of selection-plate effect results in the
beam being made coincident with the longitudinal axis
of the DD CRT.

Figure 2—33 is a block diagram of the character
compensation circuits. Analog voltages derived from
the character selection decoder are applied through the
centering and amplitude controls to the compensation
plates. The 180-degree reversal of selection voltages in
each axis when applied to the selection makes the beam
coincident with the tube axis. '
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Flood Gun
4.1.2.5-4.1.2.6

4.1.2.5 Character Message Deflection

The DD CRT also employs electrostatic deflection
for character positioning within the message format. A
typical DD message is illustrated in figure 2—26. Count-
ing circuits provide the necessary binary levels to shift
the electron beam to each successive character position
in a row and to each new line. The precise positioning
of messages on a specific portion of the screen is not a
requirement for digital display. Therefore, the complex
magnetic deflection network of the SD CRT was not
used.

Figure 2—34 is the block diagram of the special
circuits which supply the analog control voltages to the
character-deflection plates. Binary levels applied to the
character position decoders are converted to correspond-
ing centering and amplitude controls.
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4.1.2.6 Flood Gun

The flood gun is essentially an electron gun specifi-
cally designed to supply the storage element with a con-
sistent source of low-velocity electrons, This is neces-
sary because ordinarily the short persistence time of the
phosphors does not permit a character to be displayed
for a prolonged period of time. The flood gun is a source
for a continuous flood of electrons which maintains each
successive selected character at uniform intensity during
the complete DD message presentation. Without the
flood gun, each character would be displayed for the
duration of phosphor petsistence only and then would
quickly fade away.

Functionally, the flood gun is the same as the main
electron gun of the DD CRT. The gun consists of a
heater cathode control grid and an accelerating anode.

MESSAGE POSITIONING
DEFLECTION COIL

VIEWING _SCREEN

Figure 2—29. SD
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Figure 2—35 is a block diagram of the circuits associ-
ated with the storage element. The voltages for the
flood gun are supplied by the model B high-voltage unit.
The heater is supplied with 6.3Vac. The cathode voltage
of —150V is returned to one side of the heater. The
control grid is biased into conduction so that a continu-
ous flow of electrons is supplied to and directed at the
storage mesh. The accelerating anode is maintained at
+45V. The total accelerating potential would thus be
200V. Compared with the 3,200V used to acceleratg the
main electron-gun beam, the flood gun can be consid-
ered a low-velocity electron emitter.

4.1.2.7 Collector Mesh

The collector mesh is a fine metallic screen which
serves as the collector for secondary emission electrons
from the storage mesh. The collector mesh potential is
adjusted by the collector mesh level adjust potentiom-
eter. This level is adjusted to provide the maximum col-
lection of secondary emission electrons compatible with

the passage of flood gun electrons. To increase this col- .

lection function, a positive contrast gate is applied to
the collector mesh simultaneously with the impact of
- the high-velocity electron beam on the storage mesh. To
erase the message, an erase gate (negative voltage) is
applied to the collector and storage mesh. This gate
places the collector at a lower potential than the flood
gun anode. Low-velocity flood gun electrons are repelled
by the collector mesh, interrupting the flood of elec-
trons through the storage mesh to the phosphors. The
short time of persistence of the phosphors causes the
image to disappear instantaneously.

4.1.2.8 Storage Mesh

The storage mesh is fine metallic film-coated grid.
This film bhas the property of high electron emission
when bombarded by high-velocity electrons, Thus, when
the high-velocity character-shaped beam impinges on
the storage mesh, electrons are emitted by the film. As a
result, the storage mesh acquires a positive charge at
those points on the mesh where electrons have been
emitted, producing a positive charged area in the shape
of the character. Low-velocity electrons from the flood
gun are attracted through this area to the phosphor,
causing an image of the character to appear on the view-
ing screen. As long as this character-shaped area re-
mains positively charged, flood gun-emitted electrons
will maintain an image of the character on the face of
the tube.

The storage mesh potential is set by the storage
mesh level adjustment potentiometer (fig. 2—35). The
mesh level control network holds the storage mesh at a
more negative potential than the collector mesh to pre-
vent the return of emitted electrons to the storage mesh.
When the negative erase gate is applied to the collector

3-62-0

Storage Mesh
41.26-4.1.29

and storage mesh, the positively charged areas attract
electrons and become neutralized.

4.1.2.9 lon Repeller Mesh

The ion repeller mesh deflects positively charged
ions to the dag coating on the inner surface of the DD
CRT. The bombardment of the phosphers by the high-
velocity electrons generates these positively charged
ions. The dag coating is maintained at ground potential
and therefore attracts these positively charged parti-

cles.

TABLE 2—2. DD CRT FUNCTIONAL REQUIREMENTS
AND ASSOCIATED TUBE ELEMENTS

FUNCTIONAL
REQUIREMENTS

DD CRT ELEMENT

Generate electron beam.
Blank or unblank the
beam.

Aim beam at a character.

Form beam in shape of
character.

Make electron beam inter-
sect the tube axis. (Beam
spirals through 90 de-
grees in transit.)

Cancel deflection applied
by selection plates. Make
beam coincident with
tube axis.

Position character-formed
beam in the required po-
sition in message format.

Display or erase message:

a. Generate cone of low
velocity electrons.

b. Store character.

c. Intensify message
(contrast gate) erase.

d. Erase message (erase
gate or manual).

Deflect positive ions.

Collect secondary emission
electrons.

Electron gun

Character selection

plates

Matrix

Convergence coil

Character compensation
plates

Character deflection
plates

Storage element

a. Flood gun

b. Storage mesh

c. Storage mesh

d. Storage mesh

Ion repeller mesh

Collector mesh
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PART 3
DIGITAL DISPLAY ELEMENTS

CHAPTER 1
INTRODUCTION TO DIGITAL DISPLAY ELEMENTS

1.1 GENERAL

Information compiled by the Central Computer Sys-
tem of AN/FSQ-7 and -8 Combat Direction and Combat
Control Centrals for presentation by the Display System
is divided into two main classifications: situation dis-
play (SD) data and digital display (DD) data. Part 4
of this manual describes the theory of operation of the
SD elements, while this part describes the DD elements.

Digital display data, which is supplemental to SD
data, is presented on the 5-inch CRT and appears in a
tabular array of characters consisting of letters, nu-
merals, and special symbols. Unlike the situation display,
which is automatically renewed every 2-25 seconds, the
digital display changes only when the Central Computer
System initiates a new display. Therefore, in the ab-
sence of instructions from the Central Computer, infor-
mation displayed on the DD CRT may be retained on
the viewing screen indefinitely. The basic difference,
then, between the situation display and the digital dis-
play is that the DD CRT stores messages until the dis-
play is deliberately erased.

1.2 PURPOSE OF DIGITAL DISPLAY ELEMENTS

The DD elements of the Display System are the
digital display generator element (DDGE), the digital
display indicator element (DDIE), and the equipment
on the OD side of the DD field of the MIXD drum.
The DDGE receives DD messages from the Drum Sys-
tem and the Central Computer System via the DD field
of the MIXD drum. It processes these messages for
visual display in the DDIE by converting the DD mes-
sage bits into the analog voltages and control signals
required by a DDIE console to display messages on the
viewing screen. »

The data displayed by the DDIE is of a type that
is supplemental to the displays presented on the SD
CRT and includes such information as the availability
of defense groups, weather conditions, and similar slow-
changing information.

1.3 TYPE OF DISPLAY
- Digital information on the DD CRT is displayed
as indicated in figure 3—1. Five characters per row in

two columns (16 rows per column) can be represented
in the format of a complete DD message. The char-
acters, L, K, J, I, and H in each row are not physically
displayed and are arbitrarily assigned for purposes of
identification only. The subscript indicates the row in
which the character is positioned. The character display
sequence for the group at the left is right to left and
top to bottom. When all the required characters have
been written in the group at the left, the other group
may be written. A DD message may consist of a mini-
mum of four and a maximum of 32 words. Figure 3—2
illustrates a typical DD display.

Digital display units are divided functionally into
two sections: DD 1 and DD 2. This division permits
one section to display new information without affect-
ing the original information in the other group. At the
present time, all DDIE’s are assigned to DD 1, with
DD 2 unassigned. Display sections DD 1 and DD 2 are
activated by the Central Computer Operate instructions
PER 35 and PER 36, respectively.

1.4 MIXD DRUM OPERATION

Information to be displayed by the DD elements
of the Display System is sent from the Central Com-
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Figure 3—1. DD Message Format
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puter to the DDGE via the DD field of the MIXD
drum. Each 32-bit binary word from the computer is
stored magnetically in one of the 2,048 registers of the
DD field and is later transmitted to the DD elements to
provide the information required in displaying the five
characters of one row. Since the DD elements cannot
accept information from the Central Computer at the
frequency with which these words are stored (one every
10 psec), the drum must also function as a buffer de-
vice; that is, slow down the readout of words to a rate
acceptable to the DDGE (one word every 640 psec).
The pattern in which the messages are stored on the
drum allows the DD elements to receive the words in
their proper sequence, since the words are read by a
process called interleaving. Interleaving is the skipping
of a predetermined number of registers between each
register or group of registers read. The DD field is read
by an interleave pattern of 64; that is, the field is read in
a pattern of skip 63 registers, read one. This method of
" reading the drum makes words available at a 640-usec
rate and requires 64 revolutions of the MIXD drum to
completely read the DD field.

1.4.1 Timing and Control Signals

The signals produced by the MIXD drum to syn-
chronize the operations of the drum and the DDGE
are the timing and control signals. The OD pulses (so
named because they are employed on the OD side of
the drum) that appear at the DDGE are OD 1 and
OD 3 pulses. These pulses are received alternately at
5-usec intervals and recur every 10 psec. For example,

—XOMTUONX+0»r<O0O

Figure 3—2. Typical Digital Display
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Figure 3—3. Drum Timing Pulses

an OD 3 pulse (fig. 3—3) follows the first OD 1 pulse
by 5 usec and, following the OD 3 pulse by 5 psec is the
second OD 1 pulse. Every 20.48 ms, or once every
revolution of the drum, the DDGE receives an OD index
(OD IX) pulse which is used both for reference and
for timing. Also generated in the Drum System are read-
sample pulses which occur simultaneously with the read-
ing of every drum word.

1.4.2 Information Signals

Drum words received by the DDGE are 32-bit
binary words previously stored on the DD field by the
Central Computer. These words, received by the DDGE
at intervals of 640 usec, designate the characters to be
displayed by the DD elements. In addition, the two
sign bit positions in the drum word are used to con-
trol a portion of the operations in the generator ele-
ments. The coding and function of the sign bit positions
are shown in figure 3—4.

1.5 MESSAGE FORMAT

Figure 3—4 also shows the message format of a
digital data message. Each word controls the display of
one row of five characters on a DD CRT. The x selec-
tion co-ordinates are contained in bits L1 through L15;
the y selection co-ordinates are contained in bits R1
through R15. Six bits are used to select each character,
three bits for x and three bits for y. The x and y co- -
ordinates vary the deflection voltages used in selecting
a desired character from the DD tube character matrix.

1.6 DD SEQUENCE OF OPERATION

To better evaluate the nature and type of input in-
formation to the DD elements, an examination of a com-
plete cycle of the digital display will be considered. A
display cycle may be defined as the time interval between
the start of one DD 1 or DD 2 cycles and the start of the
next. The display cycle is divided into four periods: the
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Figure‘3—4. DD Message, Drum Format

initial period, the display period, the retention period,
and the erase period.

1.6.1 Initial Period

During the initial period, the DDGE synchronizes
with drum operation, erases some of the previously
written information within the digital display indicator
sections (DDIS’s), and clears and/or presets some of the
DDGE circuits. The initial period of a DD cycle is fur-
ther subdivided into three phases: the synchronization,
the delay, and the display phases.

1.6.1.1 Synchronization Phqse

When a new display cycle has been programmed by
the Central Computer, an initiate-DD pulse, which read-
ies the DDGE to accept information from the DD field,
is fed from the CC to the DDGE.

1.6.1.2 Delay Phase

During the delay phase, an initial erase gate is
generated which erases the digital display assigned to the
first 14 indicator sections (slots). After the messages from
the previous cycle have been erased, the DDIE is ready
to accept new messages from the Drum System through
the DDGE. The remaining DDIS’s are erased succes-
sively, but not always in single sequence; two or more
m;ay be selected, and the other is determined by the slot
counter.

1.6.1.3 Display Phase

' A start-DD-read signal is sent from the generator
element to the Drum System to indicate that the DDGE
is ready to accept display information. This marks the
beginning of the display phase. The display phase ends
when the first word is received from the DD field. -
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1.6.2 Display Period System.

The display period of the cycle begins with the
receipt of a read-sample pulse from the Drum System.
The read-sample pulse is received at the same time as
the first 32-bit information signals. Within the DDGE,
the read-sample pulse is called a load-DD signal, since
its function is to indicate to the element that a word
of digital data is being received. Each word contains first,
the control and information bits necessary to select the
proper character and second, the positioning bits re-
quired to position the word in the message format. A
word requires 640 psec to be displayed. The maximum
time necessary to display a complete message (or slot)
is, therefore, 640 usec/word x 32 words/message or 20.48
ms. After the last slot has been displayed, the DDGE
remains inactive until the next initiate-DD pulse readies
the DDGE to receive new information from the Drum

66

1.6.3 Retention Period

All messages remain displayed during the reten-
tion period until erasure takes place during the suc-
ceeding cycle. Since DD 1 and DD 2 cycles function in-
dependently, retention in one section is possible while
messages are displayed in the other section. During the
retention period, new information can be written on the
DD field to be displayed at a later time.

1.6.4 Erase Period
Before writing a new display on the DD CRT, the

_old information must be destroyed. This destruction is

accomplished with the erase gate generated by the tim-
ing and control circuitry. The DDIS’s to be erased are
selected by the slot lines in a manner similar to that in
which they are selected for intensification.
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CHAPTER 2
DIGITAL DISPLAY INDICATOR ELEMENT

2.1 GENERAL

The DDIE is part of the AN/FSQ-7 & -8 and,
along with the situation display indicator element
(SDIE), presents information from the Central Com-
puter System to the operators responsible for its dispo-
sition. The information to be displayed is, as is also the
case with the situation display, integrated and processed
by the Central Computer as programmed by operator
personnel. The resulting information is conducted to
the display generating element for further processing
and is then written on specially designed cathode-ray
tubes for the digital display.

The DDIS’s comprise the DDIE. (See fig. 3—5.)
Each DDIS contains a 5-inch CRT with its associated
circuits and is designated as variable simplex equipment.
This breakdown makes the DDIS provisional equipment
which may be assigned to auxiliary, situation display,
Command Post, and duplex switching consoles.

2.2 INFORMATICN FLOW TO DDIE

Signal voltages required by the DDIE are supplied
by the DDGE through the distribution element. Junc-
tion boxes are used to make all information signals avail-
able to all consoles. Specific indicator selection signals
are distributed only to the consoles that require them.,
The signals required by each DDIS are given below:

a. Four lines — analog character selection voltage
(also used in the DDIS for charac-
ter compensation).

b. Four lines — analog character-positioning (de-
flection) voltage.

c. Three lines — an erase gate and two erase-selec-

tion signals which precede the
message to be displayed by 200
ms. The two selection signals are
slot lines corresponding to the
erase slot number assigned to the
DDIS.

d. Three lines — an intensity gate and two intensi-
fication-selection signals which ac-
company each character being dis-
played. The two selection signals
are slot lines corresponding to the
display slot number assigned to
the DDIS. '

e. Oneline — a contrast gate which occurs peri-
odically about once each word to
improve the legibility of charac-
ters displayed previously.

f. Fourlines — two test-erase and two test-inten-

sity-selection signals which are
used to display the DD test pat-
tern.

2.3 DIGITAL DISPLAY INDICATOR SECTION

Because the DDIS units, with minor exceptions, are
all alike, the theory of operation given here is applica-
ble to all models of the DDIS. Figure 3—6 is a simpli-
fied flow diagram of the DDIS and shows six major
blocks: the unit status switch, DD signal switching re-
lays, the DD intensification and erasure unit, the high-
voltage unit, the high-voltage power supply, and the
5-inch DD CRT.

Each DDIS is supplied with two complete sets of
information and control signals from the duplexed
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Figure 3—5. DDIS Relationship to Display System
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DDGE, where the signals are generated. At any given
instant, one of the two DDGE’s is in active status and
the other is in standby status. A pair of corresponding
signals, one from the active DDGE and one from the
standby DDGE, is applied to two pairs of switching
relays (see fig. 3—7, sheet 1, foldout). The relays are
operated by the UNIT STATUS switch, which deter-
mines whether computer A signals or computer B signals
.are to be displayed. From the switching relays, the
analog voltages for character selection and deflection
are applied to the high-voltage unit. All other selected

CONVLRGENCE COIL REGULATION
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- signals are applied to the DD intensification and erasure

circuit (see fig. 3—7, sheet 2, foldout). Note that the
switching relays provide a dummy load resistor for each
pair of push-pull analog voltages that are not being
used in the DDIS, For example, signals DD =+ y are
applied across resistor R111 when they are not required
for display. The function of each circuit is discussed in
this section. For a more complete analysis of the circuits
used in the Display System, refer to manual 3-3-0,
Special Circuits for AN /FSQ-7 C ombat Direction Central
and AN/FSQ-8, Combat Control Central.
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Figure 3—6. DD Indicator Section, Simplified Flow Diagram
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2.3.1 Unit Status Switch and Signal Switching
Relays

The position of the UNIT STATUS switch deter-
mines whether signals from the active DDGE or the
standby DDGE are to be used in the DDIS, For active or
standby operation, the UNIT STATUS switch energizes
switching relays which admit signals from the desig-
nated machine. For example, if the switch is set to ACT,
signals from the active machine (whether A or B) are
admitted to the console. Since active and standby signals
are available to all simplex consoles at all times, the
selection of signals to be displayed is at the discretion of
the console operator.

All active simplex units receive power from either
power supply C or power supply D, whichever is des-
ignated active at the duplex switching console. The
standby simplex units (which receive power, but no
signals) are supplied by the power supply designated
standby. The UNIT STATUS switch, therefore, also
controls the relays which switch in power from the ap-
propriate (C or D) power supply. For a more detailed
discussion of the UNIT STATUS switch, refer to Part
5, Chapter 8, Section 1.

2.3.2 Intensification and Erasure Circuit

In order to display the character selected by the
character-selection signals, the DD CRT must first be
unblanked. The tube is unblanked (made to conduct)
when sufficient voltage has been applied to the control
grid to permit electron flow. Upon receipt of intensity-
gate and intensity-selection signals, the intensification
and erasure unit generates the proper intensification
level to the high-voltage unit. The high-voltage unit
then applies an unblanking pulse to the writing gun.

The intensification signal, which usually recurs
every 120 psec, is generated by the timing and control
section of the DDGE. Two leads from the slot counter
are wired to each DDIS to control intensification, and
two leads are wired to each DDIS for erasure.

The erase operation occurs approximately 200 ms
before a new message is written. This is accomplished
by applying simultaneously an erase signal and voltages
from the slot counter to the intensification and erasure
unit. The process is identical to the selection of a console
for intensification. When the three signals occur simul-
taneously at the erase circuit, a negative voltage is applied
to the collector grid of the DD CRT and the viewing
screen is erased.

2.3.2.1 Normal Intensification Selection

Normal selection of a DDIS for intensification re-
quires the coincidence of the proper slot counter output
and the intensity-gate signal. Since an intensity gate is
provided for each character of every message, the DDIS
to be intensified is determined mainly by the slot coun-
ter. Coincidence takes place in an AND circuit when

3-62-0

Intensification and Erasure Circuit
23.1-23.26

the DD TEST PATTERN switch (849) is in the NOR-
MAL position. The output of the AND is applied to
the variable-gate amplifier; hence, through the high-
voltage unit to the control grid of the DD CRT.

In each DDIS, the slot-line signals that correspond
to the assigned slot are the intensification-selection-A
and the intensification-selection-B signals. The correla-
tion between A and B slot-line assignments for intensi-

fication and erasure is shown in table 3—1.

2.3.2.2 Intensification in Test 1

When the DD TEST PATTERN switch (549) is
placed in the TEST 1 position, the A and B slot-line
signals are replaced by corresponding test slot-line sig-
nals. Coincident gating of these test signals intensifies
the DDIS’s selected to receive the test slot. The test
pattern display is used primarily for maintenance.

2.3.2.3 Intensification in Test 2

Placing the DD TEST PATTERN switch in the
TEST 2 position allows all DD messages to be inten-
sified. Both the A and B slot-line signals are replaced
by +10V levels. The intensification AND, therefore,
petmits unblanking of the DD CRT upon receipt of the
intensity gate.

2.3.2.4 Normal Erase Selection

The coincidence of two erase-selection signals with
the erase gate from the DDGE produces erasure. (This
condition exists at the same time that another DDIS is
being intensified.) For example, when the slot counter
number is equal to 12 (table 3—1) and the DDIS as-
signed to this slot is being intensified, erase-selection
signals are being routed from the slot counter to another
DDIS. The DDIS being erased, in this case, would be
the one assigned to slot 25.

When the DD TEST PATTERN switch is placed
in the NORMAL position, erase-selection signals from
the appropriate slot lines are fed to the mesh level con-
trol and erasure unit, Each DDIS is assigned a pair of
slot lines for erase selection on the basis of:

a. The assigned display slot.

b. The duration of the slot immediately preceding
the display slot, depending upon the number of
registers assigned to each slot.

2.3.2.5 Erasure in Test 1

Placing the DD TEST PATTERN switch in the
TEST 1 position replaces the erase-selection-A and
erase-selection-B signals with the test signals dictated
by the test slot. Erasure of the CRT occurs approxi-
mately 200 ms before the test pattern is displayed.

2.3.2.6 Erasure in Test 2

With the DD TEST PATTERN switch in the TEST
2 position, the erase-selection-A and erase-selection-B
signals are replaced by 410V levels. As a result, erasure
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takes place every time the erase gate is received from
the DDGE.

2.3.3 High-Voltage Unit

The high-voltage (HV) unit receives information
signals (character selection and positioning analog volt-
ages), the intensification gate (from the intensification
and erasure circuit), and high d-c voltages (from the
high-voltage power supply). The unit derives compen-
sation analog voltages from the character selection volt-
ages. It contains amplitude and centering controls for
the three groups of analog voltages and a limiting cir-
cuit for the intensification gate. The HV unit also gen-
erates and adjusts d-c levels which are applied to the
matrix and to anode 1. For a more detailed analysis
of the HV unit, refer to the special circuits manual,
3-3-0.

2.3.4 High-Voltage Power Supply
The high-voltage power supply (HVP) is a non-
logic circuit that provides accelerating potentials for
the DD and SD CRT's. In an SD console, the voltages
for the DD CRT are supplied by the power supply of
the SDIS. For a more detailed discussion of the various
types of HVP’s, refer to the special circuits manual, 3-3-0.

TABLE 3—1. SLOT LINES FOR INTENSIFICATION
AND ERASE SELECTION, AN/FSQ-7

SLOT LINES SLOT NUMBER
INTENSI-

A B FICATION ERASURE
0 000 0 1-14
1 000 1 15
2 000 2 16
3 000 3 17
4 000 4

5 000 5 18
6 000 6 19
7 000 7 20
8 000 8 21
9 000 9 22
10 000 10 23
11 000 11 24
12 000 12 25
13 000 13 26
14 000 14 27
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TABLE 3—1. SLOT LINES FOR INTENSIFICATION
AND ERASE SELECTION, AN/FSQ-7 (cont'd)

SLOT LINES SLOT NUMBER
INTENSI-

A B FICATION ERASURE
15 000 15 28

0 100 16 29

1 100 17 30

2 100 18 31

3 100 19 32

4 100 20 33

5 100 21 34

6 100 22 35

7 100 23 36

8 100 24 37

9 100 25 38
10 100 26 39
11 100 27 40
12 100 28 41
13 100 29 42
14 100 30 43
15 100 31 44

0 200 32 45,46
1 200 33 47,48, 49
2 200 34 50, 51, 52
3 200 35 53, 54
4 200 36 55, 56
5 200 37 57,58
6 200 38 59, 60
7 200 39 61, 62
8 200 40 63, 64, 65
9 200 41 66, 67
10 200 42 68, 69
11 200 43 70, 71
12 200 44
13 200 45 72
14 200 46 73, 74
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AND ERASE SELECTION, AN/FSQ-7 (cont'd)

3-62-0

Table 3—1

TABLE 3—1. SLOT LINES FOR INTENSIFICATION
AND ERASE SELECTION, AN/FSQ-7 (cont'd)

SLOT LINES SLOT NUMBER SLOT LINES SLOT NUMBER
INTENSI- INTENSI-
A B FICATION ERASURE A B FICATION ERASURE
15 200 47 75 15 400 79 92
0 300 48 76 0 500 80 93
1 300 49 77 1 500 81 94
2 300 50 2 500 82 95
3 300 51 3 500 83 96
4 300 52 78 4 500 84 97
5 300 53 5 500 85 98
6 300 54 79 6 500 86 99, 100
7 300 55 7 500 87 101, 102, 103
8 300 56 8 500 88 104, 105
9 300 57 80 9 500 89
10 300 58 10 500 90
11 300 59 81 11 500 91
12 300 60 12 500 92
13 300 61 82 13 500 93
14 300 62 14 500 94
15 300 63 83 15 500 95
0 400 G4 0 600 96
-,
1 400 65 84 1 600 97
2 400 66 2 600 98
3 400 67 85 3 600 99
4 400 68 4 600 100
-P'-
5 400 69 5 600 101
6 400 70 86 6 600 102
7 400 71 87 7 600 103
8 400 72 8 600 104
10 400 74 10 600 106
1 400 75 Used for DDGE timing 107
12 400 76 and initial erase of
group 2
13 400 77 89, 90 :
Group DD 2 not assigned 108-127
14 400 78 91 :

n
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2.3.5 DD Cathode-Ray Tube

The 5-inch DD CRT displays the information pro-
cessed by the DD elements. Since the visual presenta-
tion on the viewing screen is a function of analog
voltages, the DD CRT serves as a transducing readout
element. The DD CRT has a character-forming matrix
that shapes the diffused electron beam into the form of
the. characters stenciled in the matrix. A flood gun is
used in the storage element to maintain a continuous
display. The console operator has the option of erasing
the DD presentation on the viewing screen by depress-
ing the ERASE pushbutton located on the front panel
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Figure 3—8. Auxiliary Console, Subpanel Controls
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~on the DD unit. A more detailed discussion of this tube

has already been given in Part 2.

2.3.6 Convergence Current Regulator

The convergence current regulator, Model B
(BCCR), is used to supply and regulate current to the
convergence coil of the DD CRT. The magnetic field
generated by the convergence coil is a magnetic lens that
causes the character-shaped electron beam to converge
along the longitudinal axis of the CRT at a common
point. The convergence current regulator must auto-
matically change the current amplitude through the
convergence coil for changes in the —3,300-volt HV
unit; hence, an increase in the accelerating voltage
develops a proportional increase in the convergence
coil current.

For 4 more detailed analysis of this current as well
as other circuits used in the Display System, refer to
the special circuits manual, 3-3-0.

2.3.7 Contrast Gate

The contrast gate is amplified in the intensification
and erasure unit. The gate is superimposed on the d-c
levels established by the unit for the collector and stor-
age meshes. This contrast gate is provided to increase
the image contrast ratio for improved perception. A more
detailed analysis of this circuit, including its adjust-
ments, is described in the special circuits manual, 3-3-0.

2.4 DDIS MARGINAL CHECKING

A DDIS has only one provision for marginal check-
ing. Depressing the DD MARGINAL CHECK pushbut-
ton (S55) decreases the plate voltage of the erasure
unit and, therefore, indicates the marginal or lower
limit of the circuit. Failure to erase properly with the
marginal voltage applied is a notification to maintenance
personnel to replace the erasure unit.

2.5 DDIS CONTROLS

The DDIS in an auxiliary console is similar to the
DDIS in an SD console. In both consoles, only two
controls (the ERASE pushbutton and the UNIT
STATUS switch) are located on the front panel. The
remaining DD ‘controls are located on the console sub-
panel. Figure 3—8 shows the subpanel controls for the
auxiliary console. Refer to figure 4—31 for the DDIS
SD console subpanel controls. Table 3—2 lists all the
controls for auxiliary and SD DDIS’s with their func-
tion and logic circuit components.
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TABLE 3—2. DIGITAL DISPLAY INDICATOR SECTION CONTROLS

Tahle 3-2

LOGIC CIRCUIT

COMPONENT
SD AUXILIARY
CONTROL FUNCTION CONSOLE  CONSOLE
Front Panel Controls
DD ERASE Erase CRT display at any time S26 S2
UNIT STATUS Five positions:
AC: a-c power only S29 S6
PWR: a-cand d-c power only
STDBY: signals and power from standby
system ,
OFF: no signals and power
ACT: signals and power from active sys-
tem
Subpanel Controls
TEST PATTERN Three positions: S49 S15
NORMAL: the message (slot) assigned to
the DDIS is displayed
TEST 1: the DD test pattern is displayed
_ TEST 2: all slots are intensified and erased
CONVERGENCE CURRENT
COARSE Orients writing beam R18 R18
FINE Adjusted to give upright characters R21 R17
CONVERGENCE TRIM
DEFLECTION Fine adjustment of character registration R19 R20
SELECTION Used in conjunction with character deflec- R20 R21
tion and character selection controls
MESH LEVEL
COLLECTOR Adjusts mesh levels for optimum (stable) R22 R15
storage of display
STORAGE Adjusts mesh levels R23 R15
MARGINAL CHECK Used for marginal check of mesh level con- S55 S14
trol and erasure unit
CONTRAST AMPLITUDE Adjusts contrast gate amplitude R24 R22
INTENSIFICATION AMPLITUDE Adjusts signal level of intensification gate  R25 R11
CHARACTER CENTERING
SELECTION
HORIZONTAL Adjusts the writing beam horizontally on R769 R769

matrix
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TABLE 3-2. DIGITAL DISPLAY INDICATOR SECTION CONTROLS (cont'd)
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LOGIC CIRCUIT

14

COMPONENT
SD AUXILIARY
CONTROL FUNCTION CONSOLE CONSOLE
VERTICAL Adjusts the writing beam vertically on -R770 - R770
matrix
COMPENSATION
HORIZONTAL Adjusts the writing beam horizontally on R771 R771
’ the viewing screen
VERTICAL Adjusts the writing beam vertically on the R772 R772
viewing screen
DEFLECTION
HORIZONTAL Adjusts the writing beam horizontally on R767 R767
: the viewing screen
VERTICAL Adjusts the writing beam vertically on the R768 R768
viewing screen
FLOOD GUN CURRENT Varies quantity of electrons to the storage R773 R773
mesh from flood gun
WRITING BEAM
INTENSITY Adjusts d-c (bias) level of intensification R759 R759
signal to determine the writing beam in-
tensity
FOCUS Adjusts focus of the writing beam R758 R758
CHARACTER AMPLITUDE '
SELECTION
HORIZONTAL Adjusts amplitude of selection signal for R760 R760
proper character selection
VERTICAL Adjusts amplitude of selection signal for R761 R761
proper character selection
COMPENSATION
HORIZONTAL Adjusts amplitude of compensation signals R762 R762
for optimum character registration
VERTICAL Adjﬁsts amplitude of compensation signals R763 R763
_ for optimum character registration
DEFLECTION
HORIZONTAL Adjusts amplitude of deflection signals for R764 R764
* proper character deflection
VERTICAL Adjusts amplitude of deflection signals for R765 R765

Convergence Coil Mount Controls
(Mechanical Adjustments of
Coil Position)

proper character deflection
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TABLE 3—2. DIGITAL DISPLAY INDICATOR SECTION CONTROLS (cont’d)

LOGIC CIRCUIT

COMPONENT
SD AUXILIARY
CONTROL FUNCTION CONSOLE  CONSOLE
YAW /

VERTICAL > Controls beam movement on the viewing
PITCH \ screen in the directions indicated
HORIZONTAL ! j
LONGITUDINAL Focus control for the writing beam

15






VOL |, PART 3
CH 3, SECT. 1

3-62-0

DDGE Logic Block Function
1.1-1.23

CHAPTER 3
DIGITAL DISPLAY GENERATOR ELEMENT

SECTION 1
FUNCTIONAL OPERATION OF DD GENERATOR ELEMENT

1.1 PURPOSE OF DIGITAL DISPLAY GENERATOR

ELEMENT

The DDGE contains the equipment necessary to
take digital data messages from the Drum System or dis-
play tester element (DTE) of the Display System and
present these messages for visual display to the DDIE.
(See figs. 3—9 and 3—10.) In general, the DDGE ac-
cepts digital information from the Drum System, times
the operation, converts the information to forms usable
by the indicator, and distributes the messages to the
correct sections of the DDIE. Specifically, the DDGE
performs the following functions:

a. Converts the character selection co-ordinates,
which are received in digital form, into character
selection analog voltages.

b. Generates character-positioning analog voltages
as determined by the desired position of a word
within a message.

¢. Produces erase and intensification gates together
with indicator selection signals. The combina-
tion of these signals erases the previous mes-
sages from the appropriate CRT’s, then writes
and displays the new messages received from the
Drum System.

d. Produces contrast signals to improve the qual-
ity of displayed messages.

1.2 DDGE LOGIC-BLOCK FUNCTION

The DDGE consists basically of five sections: the
input switch, indicator selection, character selection,
character-positioning, and timing and control sections.
These sections are shown in figure 3—11 with their in-
terconnecting signals.

1.2.1 DD Input Switch Section

The DD input switch section consists of a group
of relays which function as a switching device. With the
relays in the normal position (de-energized), signals
are provided by the Central Computer and Drum System.
When the relays are actuated for test operation, the nor-
mal inputs from the Central Computer and Drum Sys-
tem are replaced by simulated signals generated by the
DTE.

All timing and control signals are fed through the
input switch to the timing and control section, and the
thirty information bits (L1-L15, R1-R15) are applied
through the input switch to the character selection sec-
tion.

1.2.2 DD Indicator Selection Section

Each DD message is recorded in one slot of the
MIXD drum and is displayed only on consoles as-
signed to that slot, The indicator selection section gen-
erates signals which correspond to the slot number of
the message being processed. These signals, generated by
the slot-counter circuit, permit the proper DD CRT to
be intensified and, thus, to display the message.

A DD CRT display must be erased about 200 ms
before it receives a new message. While one DDIS is
being erased, another is being intensified. The slot-coun-
ter signals which select one DDIS for display can, there-
fore, be used to select another for erasure.

The slot number of the message is not contained in
the message itself, but is established in a counter (fig.
3—12). This counter is preset to the initial slot of a
DD group at the start of a cycle and is stepped by a
new-slot (add-1) signal from the DD timing and con-
trol section each time a new message (slot) is to be
displayed. Slot counter outputs corresponding to the
last slots (slot 106 or 126) in each DD group are used
to generate the end-slot signal, which establishes the
end of a display cycle. All outputs applied to the DDIE
are also fed to dummy loads when the DDGE is in test
status. The dummy loads provide loading for the driv-
ing circuits and are physically located in the SDGE
(unit 24).

1.2.3 DD Character Selection Section

The character selection section stores the informa-
tion bits received in binary form and decodes the bits
one character at a time. Since the DDIE requires analog
voltages to effect a visual presentation, the binary infor-
mation bits received from the input switch must be con-
verted to analog voltages (see fig. 3—13).

The selection bits for the H character are applied
to a register circuit where they are decoded and then
fed to the indicator element. After the H character has

11
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Figure 3—9. Digital Display Generator Element
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Figure 3—10. DDGE, Logic Flow Diagram

Figs. 3—10, 3—11

been displayed and the character register has been
cleared, the I character bits which have been in storage
are shifted to the register, are decoded, and then dis-
played. The processing of the J, K, and L characters is
similar.

1.2.4 DD Character Positioning Section

The function of the character positioning section
(fig. 3—14) is to produce four analog voltages which
are used to position the character selected from the DD
tube character-forming matrix. Two counters in the sec-
tion generate binary voltages whose outputs condition
two decoding circuits. The outputs of the decoding and
driver circuits are analog signals which are fed to the in-
dicator as positioning voltages.
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Figure 3—11. DDGE, Functional Block Diagram
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DD Character Positioning Section
1.24-1243

The two counters determine the hotizontal and
vertical position of a given character. The next-char-
acter and add-1-to-Y-counter signals are used to step
the X and Y counters, respectively. A word is posi-
tioned on the left side of the CRT viewing screen by
the left-half signal from the timing and control section.
The other-half signal positions the wotd on either the
left or the right side of the viewing screen, depending
upon the side in use when the other-half signal is
received.

The X counter circuit also produces shift control
signals which are fed to the character selection section.
The shift signals are timed by the next-character signal
from the timing and control section. End-word and
sense-erase signals are also generated by the character
positioning section and are used by the timing circuit
to establish the erase gate.

1.2.4.1 X-Position Counter and Shift Control

The X-position counter is a basic binary counter
which controls both the generation of shift signals and
X positioning voltages. Each next-character signal ap-
plied to the counter steps the counteér to a new combina-
tion and, at the same time, produces a character-shift
signal. The left-half and other-half signals are generated
by the bits sensed in the control bit sensing circuit. The
left-half signal sets the counter to a predetermined
combination which positions the characters on the left
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side of the viewing screen. The other-half signal sets the
counter so that the remainder of the message is dis-
played on the opposite side of the viewing screen. The
sense-erase signal is a branch of the shift-L signal. End-
word signals are generated by the X-position counter
and shift control circuit as an indication that the word
has been shifted from storage to the character decoder.
These signals occur 120 psec after each shift-L signal.

1.2.4.2 Y-Position Counter

The Y-position counter is a 4-stage counter capable
of producing 16 different output combinations. Each of
these combinations is used to define a particular Y posi-
tion on the viewing screen. The add-1-to-Y-counter
signal is a branch of the end-word signal developed by
the X-position counter. Therefore, each time an end-
word signal is generated, the Y-position counter is ad-
vanced to the next binary combination. The counter is
cleared by the new-slot combination of sign bits pro-
duced when a new message is received. The preset-Y-
counter signal is the stop-DD signal generated at the
end of the display cycle.

1.2.4.3 Character Position Decoder and Line
Drivers
The function of this circuit is to convert binary

voltages received from the X- and Y-position counters
to the analog voltages required by the indicator element.

_END SLOT DD-2 (LINE I5)
 END SLOT DD-! {LINE I0)
END BLOCK DD-1{LINE 600) -
DD TIMING -
AND CONTROL SLoT —————————— 6 —| DD NDICATOR
o END BLOCK DD-2 (LINE 700) ELEMENT
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| | S22 el DRIVERS (44
14 DR
30365 — -
(SEE NOTE I} Y CLEAR SLOT CTR $3035-5 3 (SEE NOTE 2)
SLOT (4.3.3) I
) PRESET SLOT CTR -
( COUNTER
) NEW SLOT (ADD I} (4.3.3)
TO SLOT CTR
¢ ( NOTES: I. ALL CIRCUITS LOCATED INUNIT 25.

2. OUTPUT IS APPLIED TO A DUMMY LOAD
WHEN THE MISCELLANEOUS AND DD
DUMMY LOADS LOGIC(4.1.23-2) IN
THE S.D.G.E. IS ENERGIZED.

Figure 3—12. DD Indicator Selection Section, Functional Block Diagram
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Figure 3—13. DD Character Selection Section, Functional Block Diagram
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Figure 3—14. DD Character Positioning Section, Functional Block Diagram

Eight input lines from each of the counters are fed to
the character position decoder, which transfers the con-
tents of the counters at any given count. The decoding
circuit converts these signals to four analog voltages
(=X, =Y), which are used by the indicator element
to position the characters both vertically and horizontally
on the viewing screen.

1.2.5 DD Timing and Conirol Section

The DD timing and control section consists of five
circuits: the master control, character timing and in-
tensity, control bit sensing, contrast gate, and erase
gate circuits (see fig. 3—15). The master control circuit
performs the major portion of the control functions of
the section. Character timing and intensity circuits estab-
lish a time base against which intensification and erase
gates are generated. The control bit sensing circuit per-
forms programmed functions on the basis of the content
of the left and right sign bits. A sensing circuit also
controls the generation of erase gates. The contrast
gate circuit provides a gated signal to improve the rela-
tive contrast between the display and nondisplay areas
on the face of the DD CRT.

1.2.5.1 Overall Timing and Control Functions

The sequence of operations performed by the
DDGE to effect the visual presentation on the DD
CRT is controlled by signals generated in the DD
timing and control section. Figure 3—16 illustrates the
overall timing of both a DD 1 and a DD 2 cycle. A DD
cycle begins with an initial period followed by a series
of continuous read and display operations which com-
prise the display period and the retention period. The
duration of the initial period varies between 205 and 255
ms and depends upon -the receipt of the first MIXD
OD IX pulse in relation to the time the initiate-DD
signal is received by the DDGE.

Once the initial periéd has ended, the DDGE re-
ceives digital data from the Drum System. The first word
read from the drum is stored, processed, and fed to a
selected indicator section of the DDIE. A 640-usec inter-
val exists between readings.

The drum skips 63 registers of its field and then
reads the 64th register out to the DD generator. A read
time interval of 630 usec exists when the drum is pre-
cessed. The drum is precessed at index time, which oc-
cuts once every revolution.

The duration of the display period is 1.34 seconds
for DD 1. The period ends 640 psec after the last word
is received by the generator element. The DDGE must
receive another initiate-DD signal from the Central Com-
puter before it will begin another display cycle.

1.2.5.2 Master Control Circuit

The master control circuit synchronizes Display
System and Drum System operations. A phase counter
and delay counter are utilized to achieve this synchro-
nism. The delay counter is used to assure the complete
erasure of DD tubes in the initial erase. Upon receipt
of an initiate-DD signal, OD 1 and drum-index pulses
condition these counters to produce a start-DD signal.
This signal is sent to the Drum System as an indication
that the DDGE is ready to receive information signals.

The display period of the DD cycle begins with the
arrival of the first load-DD signal and continues until
the master control circuit receives end-block and end-
slot levels with an end-word signal. The stop-DD dis-
play signal generated at this time is fed to the Y-
position counter to preset the counter in preparation
for the next DD cycle. During the display period, add-1
signals are fed to the Y-position counter when an end-
word or skip-line signal is received by the master con-
trol citcuit. When an initiate-DD 1 signal is received,
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Character Timing and Intensity Circuit
1.25.2-1.254

common-clear-slot-counter and clear-slot-counter signals
are sent to the slot counter. When an initiate-DD 2
signal is received, common-clear-slot-counter and preset-
slot-counter signals are sent to the slot counter to preset
it for the display of group DD 2.

The add-1 signals to the character timing and in-
tensity circuit are gated OD 1 signals which recur every
10 psec. The load-DD signal is fed to the character
timing and instensity circuit as a clear signal.

Initial-erase, end-word, and stop-DD signals are
applied to the erase gate circuit to control the erase
gate.

OD 3 signals are gated through the master control
circuit to the control bit and character timing and in-
tensity circuits to function as control-bit-sensing and
clear-character-register signals.

1.2.5.3 Character Timing and Intensity
Circuit
The basic component of the character timing and
intensity circuit is a modified 6-stage counter which is
stepped by add-1 signals. During the display period of
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a DD cycle, this counter produces an 80-usec intensifi-
cation gate which intensifiés the DD tube selected for
display. The intensification gates are synchronized with
the word being displayed by the clear-timing-control
signal from the master control circuit.

During the delay period, no intensification gates
are generated, because the slot counter is cleared and
no DDIS’s are assigned to slot 0; however, the signal
which normally initiates intensification is present. The
clear-character-register and next-character signals are de-
veloped at this time. The next-character signal is used
by the generator element to time the initial erase gate
and the character register.

1.2.5.4 Control Bit Sensing Circuit

The control bit sensing circuit is a decoding matrix
which controls the positioning of a display word on the
selected DD tube. Three AND circuits are utilized to
sense the value of the two control bits (LS and RS)
that are present in each of the words received by the
generator element. One of four combinations of left
and right sign bit levels (00, 01, 10, or 11) are avail-
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Figure 3—15. DD Timing and Control Section, Functional Block Diagram
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Figure 3—16. Overall Timing of DD Cycle

able. A 0 in the LS bit and a 1 in the RS bit produces
the combination 01, which clears the Y-position counter
and generates a new-slot signal, advancing the slot
counter. This last action selects another indicator sec-
tion for display. The new-slot signal is also applied as
a left-half signal to the X-position counter and shift
control circuit. As a result, the word is displayed at the
upper left of the newly selected DD CRT.

When the LS bit is 1 and the RS bit is 0, the Y-
position counter is cleared and the other-half signal is
applied to the X-position counter. As a result, the re-
mainder of the message is displayed on the other half
of the display tube. A 1 in both sign bit positions
generates a skip-line signal which steps the Y-position
counter and causes the word to be displayed two lines
below the previous word displayed. If both sign bit
positions contain a 0, the display continues with the

word placed directly beneath the previous word dis-

played.

OD 3 timing pulses are used to sense each of the
gate tubes conditioned by the control bit sensing circuit.
The erase signal is actually the new-slot signal pro-
duced by the 01 combination of the left and right sign
bits, respectively.

1.2.5.5 Erase Gate Circuit

Normally, once a message is displayed on the view-
ing screen, it is displayed continuously until erased by
a signal developed by the generator element. The
function of the erase gate circuit is to produce this
erase signal for distribution to the DDIE. The first
erase gate produced occurs during the initial period of
the DD cycle and is 2,280 psec in duration. At this
time, the initial-erase and sense-erase signals generated
by the master control and character positioning circuits
are used to produce the erase gate. During the display
period of the cycle, the erase gate circuit utilizes both
the new-slot (erase) signal generated by the control bit
sensing circuit and the sense-erase signal. The duration
of the erase gate is controlled by a counter which is
pulsed by end-word signals from the character-posi-

tioning section. The time duration of each erase gate
is 2,400 psec. No erase gates are generated after a stop-
DD signal is received from the master control circuit,
until the following cycle. ‘

1.2.5.6 Contrast Gate Circuit

The function of the contrast gate circuit is to gen-
erate a gate that can be used by the DDIE to improve
the contrast between the used and unused portions of
the display. As shown in figure 3—15, OD 1 timing
pulses are used to generate this gate. Each OD 1 pulse
applied to the circuit steps a 7-stage counter which
produces a 10-usec gate after 64 pulses have been re-
ceived. The gate is then applied to all display tubes
of the element to improve contrast. Test-interleave
signals generated by this circuit are used by the DTE
during test operations.

1.2.6 DD Timing and Control Inputs
The DD timing and control section receives most
of its input signals through the input switch. During
test operations, all signals are replaced by simulated
signals from the DTE. The input signals are enumerated
below by type:
a. To initiate display cycles, the initiate-DD sig-
nals from the Central Computer.
b. To sequence events within a display cycle, the
~ OD 1, OD 3, MIXD OD IX, and load-DD
signals generated by the Drum System and the
end-word and sense-erase signals from the char-
acter-positioning section.
¢. To end display cycles, the end-slot-DD and end-
block-DD signals generated in the indicator
selection section.
d. To control word position and slot count, the
LS and RS signals (the control bits from the
Drum System).

1.2.7 DD Timing and Control Outputs

The DD timing and control section applies a start-
DD-read signal to the Drum System to indicate that
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the DDGE is ready to process messages. The timing
and control circuitry also generates signals which are
used within the DDGE. These signals clear, set, and/or
step circuits in the indicator selection, character selection,
and character-positioning sections. Three signals are
supplied to the DDIE, as follows:

a. DD intensity gate — accompanies each character
to permit its display.
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b. Erase gate — generated with each slot (message)
to permit erasure of the DD CRT assigned to
display some later message.

c. Contrast gate — generated every 640 psec to in-
crease the contrast ratio.

The three outputs to the DDIE are also routed to

dummy loads when the DDGE is in test status. The
dummy loads are physically located in the SDGE.

SECTION 2
LOGIC OPERATION OF DD GENERATOR ELEMENT

2.1 DD INPUT SWITCH

Figure 3—17 is a simplified diagram of the DD in-
put switch section, showing inputs from the Central
Computer System, Drum System, and the DTE. The re-
lays used to control switch action are maintained in the
de-energized condition during a display cycle and are
energized only when the DTE is performing DD test
operations. Thus, during a display cycle, all signals ap-
plied to the input switch from the Central Computer

" and Drum System are passed to the components of the

" generator element.

I Nine of these signals are fed to the DD timing and
~“control section, and 30 signals (L1-L15, R1-R15) are
passed to the character selection section. The OD 1 and
OD 3 pulses are drum timing signals which are sepa-
rated by 5 usec and which recur at 10-usec intervals.
Drum-index pulses recur at a rate established by the
speed of the MIXD drum. One index pulse is génerated
at OD 3 time each time the drum makes one revolution.
Once the display cycle begins, this pulse recurs every
20.48 ms. '

The read-sample pulse is applied to the input switch
~at the same time as the 30 information bits. The read-
. _sample pulse is called a load-DD signal when it leaves
_the.switch and indicates that a word transfer has been

effected from the Drum System. The initiate-DD signals
are generated by circuits in the Central Computer Sys-
tem. Generation time is a function of the Central Com-
puter program. End-word signals are applied through
the switch for transfer to the master control section.

Four signals produced by the DDGE are applied

to the switch for transfer to the Drum System, to the
DTE, and to other sections in the generator. These sig-
nals are the start-DD-read, stop-DD, end-word, and
test-interleave signils, The start-DD-read signal is gen-

erated by the master control circuit and informs the

Drum System that the initial period of the display cycle
has ended. '
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A stop-DD signal is passed by the switch to the
master control citcuit as an end-control signal and is
used by this circuit to end the display cycle. End-word
signals, when received, indicate that the previous word
has been displayed and that the character-positioning
section is now ready to receive the next word. Test-inter-
leave signals are used by the DTE during test opera-
tions.

Other signals fed through the input switch with the
input switch relays energized are the simulated signals
generated by the DTE for test operations.

2.2 DD INDICATOR SELECTION SECTION

Selection of an indicator section (or slot) for dis-
play or erasure is controlled by the slot-counter and
slot-line driver circuits. The slot counter circuit is pulsed
by a new-slot signal from the control bit sensing circuit.
This signal is generated when a 01 combination exists
in the sign bits of the DD word. Each add-1 signal ap-
plied to the counter establishes a new count to provide
selected output levels. These output levels condition
two matrices in the slot-line driver circuit. Twenty-four
lines from the slot-line driver circuit are connected to
the display tubes of the indicator element in such a man-
ner that each add-1 signal applied to the counting cir-
cuit selects a new slot for display or erase.

2.2.1 Slot Counter Circuit

The slot counter is a 7-stage counter used to select
DDIS’s, in sequence, for intensification and erasure. (See
fig. 3—18.) By means of the common-clear-slot-counter
and clear-slot-counter signals, the slot counter is cleared
upon arrival of the initiate-DD signal. The counter is
stepped when a word read from the Drum System is the
first word of a slot. The 1 side of each flip-flop condi-
tions an associated gate tube. Thus, the first add-1-to-
slot-counter signal inspects gate tube (GT) 1 and sets
flip-flop (FF) 1. The second signal passes GT 1 and
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complements FF’s 1 and 2. With each successive signal,
a new binary combination is established in the flip-flops.

Slot counter operation during the DD 2 cycle is the
same as for the DD 1 cycle, except that the initiate-DD-2
signal presets the slot counter to 107 instead of clearing
it to 0. The initiate-DD-2 signal pulses the common-
clear-slot-counter and preset-slot-counter lines and estab-
lishes the number 1101011 in the 7-stage counter.

Fig. 3-17

The seven stages of the slot counter are used in two
groups, with four flip-flops in the first group and three
flip-flops in the second group. The first group of four
flip-flops has a total count of 16; the second group of
three flip-flops has a total count of 8. A total of 128
(16 x 8) different combinations can be established by
the counter. Combinations (slots) 0 through 106 are as-
signed to DDIS’s in the DD 1 cycle; slots 107 through
127 are assigned to DDIS’s in the DD 2 cycle.

( ,DRUM 0D | o .
. 701_'_0 001 A
,DRUM 0D 3 >0 l
. Vo——ch 003
 DRUM INDEX 0 |
’ ""—Ll_c INDEX
> DD
DRUM . R TIMING
READ SAMPLE : I AND
2 [ CONTROL
) '0_—}_[_0 LOAD DD SECTION
DRUM | = 432
SYSTEM 4 »-0—»4
s 2DRUM LS - |
Ls
_DRUM RS 'o_‘l
¢ —9—}1_0 RS
DRUM LI-LI5 [ .y I
[4 15 : LI-LIS

- | DD
15 CHARACTER
SELECTION
| SECTION

DRUM RI- LIS
—

I (4.3.4)

( ,JEST 0D | I

s

TEST 0D 3 5 |

LTEST_INDEX |

TEST READ SAMPLE

(TEST Ls
,TEST RS |

/

TEST LI-LI5

TEST INTERLEAVE DISPLAY

TEST RI-RI5 I TS
s ELEMENT

DISPLAY
TESTER
ELEMENT
(4.5)
- (4.5)
TEST DD . K o 48V
GTEST INITIATE DD2 RETURN
¢
‘{:FSSPLA[:'“;L?ECYZE)é DD (seENoTED SDEArsgADDRUM DRUM
f .
{CONTINUOUS DD > SE%EM
L ¢ TEST START
DD READ
CENTRAL COMPUTER | Ao
JNITIATE DD 2 : I
CENTRAL | ¢ -
ompiER >0 1; INITIATE DD 2
s{STEM CENTRAL COMPUTER |
0.0) -
JINITIATE DD :o_‘l
¢ 1[ INITIATE DD |
i |
CHARACTER END WORD »o—A |
PO(SITIONING & »0— | MASTER
4.3.5)
Ao END WORD < - CONTROL
(4.3.2)
START DD READ _
b3 48V
( ¢ © O—<>RETURN
MASTER
CONTROL TEST INTERLEAVE
DIGITAL I
DISPLAY
GENERATOR o K o—<> S48V
ELEMENT RETURN ]
(4.3.2)
! STOP DD o
. ,STOP DD o_{_'_c T bTE
¢ | (4.5.1)

STOP DD

|/

NOTE: I. REPRESENTS SEVEN RELAYS IN PARALLEL
2. ALL CIRCUITS LOCATED IN UNIT 25

Figure 3—17. DD Input Switch Section, Simplified Diagram

85



98

SDE?_EEangﬁ;OR DD INDICATOR
4. 1) ELEMENT MASTER
MASTER  (FOR DUMMY LOADS) (4.4) CONTROL
CONTROL (4.3.2)
(43.2) A
24
END SLOT
DD |
LINE 10
END SLOT DD2 END BLOCK DD2
LINE 15 LINE 700
END_BLOC| 1
LINE 600
24
24 PCF's
LINEO| |LINEI LINE 15 LINE 000| LINE 100! LINE 700
DCAS 14 DCAIl e
bcas o] & I; DCA2 ¢EJ:_
15 700
r]F T "T" T —— — ™ _— - - - — — — ="
| 13 AND'S 2—14. - | ] 5 AND'S 200~600 |
U St A | U gt SO | e e e e e P —
| 100
Al—J—|A !
J 8 @ & |
{ ) oo‘ﬂ
SLOT LINE DRIVER
(4.3.3) o - - I P _— - . . _ _ R
SLOT COUNTER s20 - | s20-0 |[s21 -1 s2! -0 |s22-| s22-0 |[s23- s23 - s24 - | s24-0 |[s2s -1 s25 -0 |S26-|[s26-0
(4.3.3) ( NEW SLOT i
ADD ONE TO ey | ] |
CONTROL BIT ¢ SLOT CTR) AGT - | l ol AGT-2 AGT-3 AGT-4 | wlaGT-5 > AGT -6
SENSING CIRCUIT BFE6 r___ll r_7| #2_' r__ﬂ ] ’_3J ﬁﬁ‘l
(4.3.2) 4 1 4 \ i 4
— — |
I
0 0 0 DKG8 0 0 0 0
l_cFF-I cFF-2 cFF-3 cFF-4. cFF-5 L cFF-G_V cFF-7
;A \ ] [ )
f ; Ff f ;
PRESET SLOT ; /
) CTR ~ I
CBFI3 > - > T >
iy (CLEAR SLOT CTR - - |
(4.3.2) BKJI /
, _COMMON CLEAR SLOT CTR > /

BKJ3

Figure 3—18.

{
{
{ NOTE! I. ALL CIRCUITS LOCATED IN UNIT 25.

Slot Counter and Slot Line Drivers Cirguit, Logic Diagram

{

H

81-¢ 34

0-29-¢

 °193S ‘€ H)

£ L¥vd ‘1 10A



VOL 1, PART 3
CH 3, SECT. 2

The theory of operation of the slot counter used
in the AN/FSQ-8 is similar. For a more detailed analysis
of the slot counter used in the AN/FSQ-8, refer to
Part 7.

2.2.2 Slot Line Driver Circuit

The function of the slot line driver circuit is to
sense the slot count in the slot counter and to provide
the indicator element with signals on two of the 24 slot
lines which relate the condition of the counter at any
given time. Two matrices are utilized to perform these
functions. One matrix is associated with the first four
flip-flops and is designated the A slot line. The other
matrix is associated with the remaining three flip-flops
and is designated the B slot line. Any binary combina-
tion present in the first four flip-flops conditions one of
16 AND circuits in the driver (see fig. 3—18). The out-
put of the conditioned AND is fed to its corresponding
power cathode follower (PCF) and is supplied on the
A slot line to the DDIE. At the same time, the voltage
combination present in the remaining three flip-flops
conditions one of eight" AND circuits. The output of
the conditioned AND is fed to its associated PCF and is
supplied on the B slot line to the DDIE. In this manner,
any combination contained in the slot counter produces
two conditioning voltages which are applied simultane-
ously to the slot line driver. The A slot line levels are
labeled 0 through 15, and the B slot line levels are la-
beled 000, 100, 200, . . . . 700. The slot line driver cir-
cuit passes the two signals to two preassigned slots in
the indicator element. One of the slots is intensified
while the other is erased.

When the common-clear-slot-counter and clear-
slot-counter signals are applied to the slot counter, a
0000000 combination is established in FF’s 1 through 7.
This combination conditions AND’s 0 and 000 in the
matrices. The outputs of these AND’s are fed through
the PCF’s to select the first slot (slot 0) in the indicator
element. The first add-1-to-slot-counter signal steps the
slot counter by one and produces the combination
0000001. At this time, AND’s 1 and 000 are condi-
tioned, selecting the next slot in the indicator element.
The combination in the slot counter at the time of the
15th add-1 signal conditions AND’s 15 and 000; the
combination resulting from the 16th signal conditions
AND’s 0 and 100.

This process of conditioning and sensing for indi-
cator selection is continuous during a display cycle. The

outputs of AND’s 10 and 15 are taken to the master

control circuit as end-slot-DD-1 and end-slot-DD-2 sig-
nals. The output of AND’s 600 and 700 are fed to the
master control circuit as end-block DD-1 and end-block-
DD-2 signals. In the master control circuit, the end-slot-
DD-1 and end-block-DD-1 signals are combined with an
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end-word signal to end the display period. A similar
combination is used to end the DD 2 cycle.

All 24 slot lines are routed to dummy loads when
the DDGE is in test. The dummy loads are located in
the SDGE.

2.2.3 Intensification and Erase Gate
Distribution

Once generated, the intensification and erase gates
are applied to all tubes simultaneously. The combina-
tion of these gates and the two outputs from the slot
line drivers control the display intensification and erase
operations. The two signals from the slot line driver are
applied to the indicator element in such a manner that
one indicator section (slot) is erased while another slot
is intensified. A display on the DD CRT must be erased
before new information is displayed. The erase opera-
tion, therefore, is performed on the slot that will be in-
tensified at some later count of the slot counter.

2.3 DD CHARACTER SELECTION SECTION

The character selection section is used to store each
display word received from the Drum System and to
furnish the indicator element with analog signals repre-
senting, successively, the five characters of the word.
When the word is received from the drum field, the I, J,
K, and L characters are stored in the character storage
circuit. As the H character is the first character dis-
played, the H character bits (L13-L15, R13-R15) are
transferred directly to the character register for proc-
essing. Once the H character is displayed, the I, J, K,
and L characters are shifted sequentially into the char-
acter register.

The character decoders generate four analog volt-
ages for each character, two for x selection and two for
y selection. The x- and y-character selection voltages
are used to deflect the electron beam to the selected
character in the character-forming matrix. The character
selected is a function of the binary value of the charac-
ter bits presented to the decoding circuit.

2.3.1 Character Storage and Character
Register Circuit

Each character of a DD word is represented by six
binary bits. These bits are assigned specific positions in
the word. The value of the bits which comprise the left
half of the word are used to condition the horizontal
section and are called x selection bits. Bits assigned to
the right half-word are used to condition the vertical
section and are termed y selection bits. The content of
each bit position is fed to the 1 side of its associated
flip-flop in the character storage and character register
circuit. (See fig. 3—19.) The H character is transferred
directly to the character register and the remaining char-
acters are transferred to assigned storage registers.
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Figure 3—19. Character Storage and Character Register Circuit, Logic Diagram
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Initially, all flip-flops are cleared, and upon receipt
of a word from the drum field only those bits represent-
ing a 1 will set the related flip-flops. The remaining flip-
flops retain their 0 levels. The I, J, K, and L characters
are fed to flip-flops which are associated with gate cir-
cuits. If these storage flip-flops have been set, the gate
circuits will be conditioned. Shift signals from the X-po-
sition counter sense the gates, pass the contents to the
character register, and clear the storage flip-flops.

The shift I signal is received 140 psec after the
word is received from the drum. During the 140-usec
interval, the H character is applied to the decoders and
the character register is cleared by the clear-character-
register signal. The shift-I signal transfers the contents
of the I storage flip-flops to the character register and
clears the I storage flip-flops. Thus, the first shift-char-
acter signal places the I character in the character regis-
ter and clears the storage register initially used to store
this character.

The remaining characters (J, K, and L) are shifted
at 120-psec intervals in the manner described previ-
ously. Five usec prior to each shift signal, the character
register is cleared by a clear-character-register signal.

" During a continuous read operation, the end-word sig-
nal is generated by the X-position counter and shift
control circuit 120 usec after the shift-L signal. Five psec
prior to the end-word signal, a clear-character-register
signal is applied to the character register. All registers
having been cleared, the next word is read 20 psec after
the end-word signal (10 usec if precessing takes place).
The character storage and character register circuit,
therefore, receives the next word 140 psec after the L
character is shifted from storage to the register. At this
time, the H character of the following word is applied
to the decoders.

2.3.2 Character Selection Decoder and
Drivers Circuit

The character selection decoder and drivers circuit
receives six binary voltages from the character register.
These binary voltages represent the x and y selection
voltages which must be converted to analog form for
use by the DD tubes. The six binary outputs from each
half of the character register are fed to three current
gate tubes in the decoder. It is the function of the de-
coder to convert each group of six binary voltages into
two groups of analog voltages (x and y) 180 degrees
out of phase. The two DD x-character-selection and two
DD y-character-selection analog voltages are then fed
to the DD tubes, where they are used to deflect the elec-
tron beam to the selected character in the character-
forming matrix.

2.4 CHARACTER POSITIONING SECTION
The circuits of the character positioning section are
used to generate the voltages required by the indicator
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element to position the character selected from the
character-forming matrix on the viewing screen. Two
counting circuits, the X-position counter and the Y-
position counter, are utilized to produce the necessary
binary voltages which are applied to the decoding cir-
cuits. The character position decoder and line driver
circuit generates four analog voltages which are fed to
the DD CRT to deflect the selected character to the de-
sired position on the viewing screen. The specific posi-
tion occupied by the character is a function of the volt-
ages applied to the decoder circuits. The decoders gen-
erate two voltages for horizontal or X positioning and
two voltages for vertical or Y positioning.

The X-position counter and shift control circuit
also controls the shift operation of transferring charac-
ters from storage to the character register.

2.4.1 X-Position Counter and Shift Control
Circuit 7

The X-position counter and shift control circuit
(fig. 3—20) conditions the decoder circuits with the
voltages required for the X positioning of the selected
character, and performs the shifting operations neces-
sary to transfer characters from storage into the charac-
ter register.

2.4.1.1 Counting and Shift Control

The next-character signal generated by the charac-
ter timing and intensity circuit is used to step the X-po-
sition counter. After the H character has been processed,
the first next-character signal is applied to GT 1, figure
3—20. The next-character signal is passed through GT 1
as a shift-I signal, since GT 1 is conditioned by the 00
AND. The shift-I signal is fed to the character storage
and register circuit as a sense-erase signal to the erase
gate circuit, and it also sets FF 2° in the X-position
counter. The shift-I signal shifts the I character from
storage into the character register. The sense-erase sig-
nal is used with a new-slot pulse by the erase gate cir-
cuit to develop an erase gate. The shift-I signal and
sense-erase signal are both generated 140 usec after the
first word of the slot is received by the generator ele-
ment. The sense-erase signal establishes an erase gate
only when the word sent from the Drum System repre-
sents the beginning of a new slot.

The setting of FF 20 by the first next-character sig-
nal establishes a 001 combination in FF’s L, 21, and 29,
respectively. When the second next-character signal is
generated 120 psec later, it is gated by GT 2. The out-
put of GT 2 sets FF 21, clears FF 2° and is also fed to
the character storage and register circuit as a shift-] sig-
nal. The shift-]J signal transfers the J character from
storage into the character register. The flip-flop combina-
tion at this time is 010. The third and fourth next-char-
acter signals initiate the shift-K and shift-L signals in
the same manner.
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When the fifth next-character signal is applied to
the parallel bank of gate tubes, it is gated by GT 5,
which was conditioned by the fourth signal. The output
pulse is called an end-word signal. It is fed to the master
control circuit and also clears FF’s L and 29 in the coun-
ter. The end-word signal fed to the master control cir-
cuit clears the on-off FF, cutting off add-1-to-timing-
counter signals to the character timing and intensity cir-
cuit. The total time required to process one word from
storage to the character decoders is 620 psec. The proc-
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ess described is continuous and recurs at the time a new
word is read into the generator element.

As shown in figure 3—20, the flip-flop levels are ap-
plied to the X half of the decoding and driving circuits
as well as to the AND’s used in generating the shift sig-
nals. Each combination present in FF’s L, 21, and 2° po-
sitions a character along the X (horizontal) axis of a
display line. Since five characters are assigned to each
display line, five different combinations must be gener-
ated by the counter for each word received from the
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Drum System. The H character is positioned by the 000
combination when the counter is at 0 (cleared). The I,
J, and K characters are positioned by the 001, 010, and
011 combinations, respectively. The L character is posi-
tioned by the 101 combination produced when the next-
character signal is gated by GT 4.

The decimal values of the five binary combinations
generated by the counter are 0, 1, 2, 3, 5, successively.
This arrangement of the X positioning voltages ac-
counts for the increased horizontal spacing between the
L and K characters, since the positioning voltage for
100 (or 4,,) is not used.

2.4.1.2 Left-Half or Other-Half Flip-Flop

The left-half or other-half flip-flop shown in figure
3—20 is used to condition the character decoding cir-
cuits so that words will be displayed on either the left
side or the right side of the viewing screen. The condi-
tion of the flip-flop is determined by signals sent from
the control bit sensing circuit. Each new-slot signal gen-
erated by the control bit sensing circuit is applied as a
left-half signal to this flip-flop. The other-half signal is
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generated when the words of the slot are to be displayed
on the other side of the viewing screen.

2.4.2 Y-Position Counter

The Y-position counter is a 4-stage counting circuit
which provides the Y section of the character position
decoders and line driver circuit with the signals re-
quired to position the word vertically on the viewing
screen, Sixteen different output combinations are avail-
able, each of which may be used to define a particular
Y position on the DD CRT. Since the display has been
divided into left and right sides, a maximum of 32 lines
may be used for the display of a message. In this man-
ner, a DD tube can display two groupings of 16 words.
The full complement of words that can be displayed on
a DD tube are contained in 32 drum registers. Figure
3—21 is a logic diagram of the Y-position counter.

2.4.2.1 Y-Counter Operation

The clear-Y-counter signal from the control bit
sensing circuit is applied to the 0 side of the flip-flops
of the counter. This action clears the counter so that
four 0 levels are fed to the Y half of the decoders and
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Figure 3—21. Y-Position Counter Circuit, Logic Diagram
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drivers. A clear-Y-counter signal is generated when the
sign bits of a word indicate that a new slot is being
read into the generator element or that the other half
of the DD tube is to be used to display the remainder
of the message. Both conditions require that the word
received from the drum be displayed on the top row of
each grouping on the viewing screen. The clear-Y-coun-
ter signal is a gated OD 3 signal generated 5 psec after
the word is received from the Drum System.

An add-1-to-Y-counter signal is applied to the Y-
position counter each time an end-word signal is gen-
erated by the X-position counter and shift control cir-
cuit. This add-1 signal is used to step the counter to
establish new combinations in the flip-flops. The first
signal produces a 1000 combination, the second a 0100,
the third a 1100, etc. Unless the sign bits of the incom-
ing words produce a clear-Y signal, the counter will
count 15 add-1 signals and then clear itself at the 16th
signal. Each combination produced by the add-1 signal
is used to define a specific Y position on the viewing
screen.

The successive application of add-1 signals to the
counting circuit positions each word one line below the
word previously displayed. The only exception to this
occurs when the Central Computer program requires
that the display skip one line. Since each output of the
counter determines the word position, passing over a
count eliminates that word position. A skipped count is
accomplished by the skip-line pulse, which is fed into
the add-1-to-Y-counter line, double pulsing the Y coun-
ter and providing the skip line required.

At the end of the display period of a DD cycle, a
stop-DD signal is generated in the master control cit-
cuit to prepare the Y-position counter for the next DD
cycle. Flip-flops 2 and 3 are set by the stop-DD signal.
This resting position of the Y counter (0110) facilitates
the positioning of the first word of the succeeding slot.

2.4.2.2 Character Position Decoder and Line
Driver Circuit

The binary signals from the Y-position counter rep-
resent the desired vertical position for the DD words.
The signals, however, must be converted to analog form
for use by the DD tubes. Eight binary outputs from the
counter are applied to the current gate tubes (as in the
X-position counter) in the character position decoder
and driver circuit. Each group of eight binary signals
is converted into two analog voltages 180 degrees out
of phase with each other. The two Y positioning volt-
ages (4Y, —Y) are applied to the character position-
ing plates which position the selected character on the
viewing screen.

2.5 DIGITAL DISPLAY TIMING AND CONTROL
SECTION

The DD timing and control section synchronizes
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the generator element with Drum System operations
and also controls the remaining components of the gen-
erator. The master control and character timing and in-
tensity circuits establish a time base with which the gen-
erator element performs its timing functions. The con-
trol bit sensing circuit performs control functions in ac-
cordance with sign bit values programmed by the Cen-
tral Computer System. The erase gate and contrast gate
circuits generate gates which are used to erase messages
previously displayed and to improve the contrast of the
message currently displayed.

2.5.1 Master Control Circuit

The master control circuit defines the duration of
both the delay and display periods of 2 DD cycle. Two
counters, a phase counter and a delay counter, establish
the conditions which control these intervals, The phase
counter synchronizes master control circuit operation
with Drum System operation and determines the time
when the delay counter begins to function. When the
phase counter is in its delay phase, the delay counter
begins to count drum index pulses. The delay counter
counts 10 drum index pulses before it produces a start-
DD-read signal. The total time required to generate the
start-DD-read signal varies between 205 and 225 milli-
seconds. The precise time is dependent upon the posi-
tion of the drum when an initiate-DD signal is received
from the Central Computer System.

2.5.1.1 Phase Counter

The phase counter uses three AND circuits to sense
the value of two flip-flops in order to establish three
separate operating phases: synchronization, delay, and
display. Prior to the arrival of an initiate-DD signal, a
00 combination exists in FF’s 1 and 2. (See fig. 3—22.)
The initiate-DD signal sets FF 2, producing a 01 com-
bination in the counter. This 01 output conditions the
sync AND, which in turn provides an up level to GT 1.
The next OD 1 pulse passes GT 1 and sets FF 1, result-
ing in an 11 combination in the flip-flops. This combina-
tion defines the delay phase of the phase counter,

The 11 combination is applied to the delay AND,
which conditions GT 2. This situation enables drum in-
dex pulses to step the delay counter and initiates the
initial erase signal. A 10 combination is established in
the phase counter when the 11th drum index pulse is
gated through the delay counter. This condition initi-
ates the display phase of the phase counter. The phase
counter is cleared (00) when a stop-DD signal is ap-
plied to the 0 side of FF 1.

2.5.1.2 On-Off Flip-Flop

In addition to their function in the phase counter,
initiate-DD signals are also used to generate an initial-
erase pulse. As shown in figure 3—22, the initiate-DD
signal is applied to the 0 side of the on-off FF. This ac-
tion conditions GT 5, which is pulsed by the output of
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GT 2. The output of GT 5 is fed to the erase gate cir-
cuit as an initial-erase signal. The output of GT 2 is a
gated drum index pulse which is applied simultaneously
to the 1 side of the on-off flip-flop and to GT 5. This
pulse is passed by GT 5 before the on-off flip-flop
changes its state,

When the on-off flip-flop and FF 1 are set, GT 6 is
conditioned. OD 1 pulses are then gated through GT 6
and are sent to the character timing and intensity cir-
cuit as add-1-to timing-counter signals. Thus, an add-1-
to-timing-counter pulse is developed for every OD 1
pulse occurring after the first drum index pulse is ap-
plied to the master control circuit. When the phase
counter is in the display phase and the DD word has
been displayed, an end-word signal is gated through
GT 7 to clear the on-off FF. As a result, GT 6 is decon-
ditioned and no add-1-to-timing-counter signals are gen-
erated until the next load-DD signal is applied to the
on-off flip-flop.

2.5.1.3 Delay Counter

The master control circuit uses a 4-stage binary
counter to time the delay phase. The preset-delay-coun-
ter signal presets the counter to five, consisting of a
1010 combination in FF’s 3, 4, 5, and 6. This signal is a
branch of the common-clear-slot-counter signal which
is generated by either an initiate-DD-1 or initiate-DD-2
signal. Upon receipt of the preset signal, FF’s 3 and 5
are set, establishing the 1010 combination in the delay
counter. The first index pulse is passed by GT’s 2 and 3,
setting FF 4 and complementing FF 3. The count is ad-
vanced by successive index pulses. The 11th index pulse
establishes a 0000 combination in the delay counter,
clears FF 2 in the phase counter, and is also fed to the
Drum System as a start-DD-read signal. When FF 2 is
cleared, a 10 combination is produced in the phase coun-
ter which conditions the display AND circuit. Gate tube
2, which was conditioned by the 11 combination of the
phase counter, is now deconditioned, preventing drum
index pulses from being applied to the delay counter
during the display period of the cycle.

2.5.1.4 Display Period Operation

The generator element receives display information
from the Drum System 630 usec after the delay counter
generates the start-DD-read signal. The load-DD signal
is received by the master control circuit at the same
time that the display word is received, and is applied
simultaneously to the 1 side of the on-off FF and to the
0 side of the flip-flops in the timing counter. The master
control circuit remains in this condition until an end-
word signal is received from the X-position counter, in-
dicating that the display word has been applied to the
selected DDIS. Since the phase counter is in the display
phase, the add-1-to-timing-counter signals are gated
through GT 6 to the character timing and intensity cir-
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cuit to control character timing and intensity. After the
last character of the word has been displayed, the end-
word signal is fed to the Y-position counter as an add-
1 to-Y-counter signal. This action advances the Y-coun-
ter to position the next word on the viewing screen.
When the next word is sent from the drum, a second
load-DD pulse sets a 1 in the on-off FF and clears the

“timing counter in the character timing and intensity cir-

cuit.

2.5.1.5 End Display

The Drum System continues the read operation to
the DDGE until the words of all slots of the DD group
have been read and displayed. The display period will
be stopped by slot 106 for the DD 1 cycle and by slot
127 for the DD 2 cycle. When the slot counter in the
DD indicator selection section indicates slot number 106
or 127, two conditioning signals are generated and sent
to the master control circuit. These are the end-slot DD
and end-block DD signals. The combination of these
two signals gates an end-word signal from the X-posi-
tion counter through GT 8 or GT 11. The stop-DD signal
thus produced ends the display period by presetting the
Y-position counter and by clearing the phase counter in
preparation for the next DD cycle.

2.5.2 Character Timing and Intensity Circuif

The character timing and intensity circuit is basi-
cally a timing device used by the generator element to
produce an 80-usec intensification gate and to control
character timing sequence. The basic component of the
circuit is a G-stage counter whose output combinations
perform specific functions.

As shown in figure 3—23, seven input signals are
applied to the timing counter: clear-timing-counter, add-
1-to-timing-counter, initiate-DD, end-word, clear- or
test-clear-intensity-control, OD 1, and OD 3 signals.
The clear-timing-counter signal is the load-DD input to
the master control circuit and is sent to the timing coun-
ter at the same time that a word is sent to the character
storage and character register sections. The add-1-to-
timing-counter signals are the gated OD 1 pulses from
the master control circuit. Since OD 1 pulses recur every
10 psec, add-1-to-timing-counter signals step the timer
every 10 psec. A stop-DD signal terminates the genera-
tion of intensification signals at the end of the display
period by cutting off add-1 signals to the counter.

2.5.2.1 Intensification Gate Generation

A 0 time of operation for the character timing and
intensity circuit is established by the clear-timing-coun-
ter input. (See fig. 3—23.) The first clear signal is gen-
erated by the load-DD signal which begins the display
period of the DD cycle. Each clear-timing-counter signal
clears FF’s 1, 2, 3, 4, and 5. Flip-flop 8 is cleared by the
clear- or test-clear-intensity-control signal which is a
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branch of the clear-timing-counter signal. The timer-
equal-3 AND circuit is used to control the generation
of the intensification gate. This AND is conditioned by
an 1100 combination in FF’s 2, 3, 4, and 5. When the
AND is conditioned by this combination, GT 4 passes
the add-1-to-timing-counter signal gated by GT 1.

The first add-1-to timing-counter signal sets a 1 in
FF 1. This flip-flop remains set until the counter has
completed its cycle and a second clear-timing-counter
signal is received. The second add-1-to-timing counter
signal passes GT 1 and sets FF 2 to the 1 side. The
third signal passes GT’s 1 and 2, sets a 1 in FF 3, and
clears FF 2. Four successive add-1 pulses produce an
1100 combination in FF's 2, 3, 4, and 5 to condition
GT 4. The fifth add-1-to-timii.g-counter signal passes
gate tubes 1 and 4.

3-62-0
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Gate tube 10 is conditioned by the 0 output of FF
8. The first clear-timing-counter (load-DD) signal in a
DD cv-'-  shich initiates the display period, clears FF 8.
An iaitiate-DD signal at the beginning of the next cycle
sets FF 8 and deconditions GT 10. When GT 10 is con-
ditioned, the pulse from GT 4 passes GT 10 to the 1
side of FF 6. The 1 side of FF 6 is used to produce the
intensification gate and is fed to all DDIS’s. This inten-
sification gate, combined with slot counter outputs A
and B (see fig. 3—7, sheet 2, foldout), determines the
DDIS to be intensified. The DDIS’s are selected in se-
quential orcer for intensification.

2.5.2.2 Intensification Gate Cutoff

The intensification gate has a time duration of 80
usec. Since the gate is established when the fifth add-1-
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to-timing-counter signal is received, the gate must be
cut off at the 13th signal. This situation will provide an
80-usec interval. Table 3—3 describes the condition of
FF’s 1, 2, 3, 4, 5, and 6 for the complete period.

At time 90, a 1 is set into FF 5, deconditioning GT
7. The 10th, 11th, and 12th add-1 signals complement
FF’s 2 and 3 so that, at the 12th pulse, the flip-flops con-
tain a 111011 combination. The 13th pulse cannot pass
GT 5, but does pass GT 7. One output of GT 7 is ap-
plied to the 0 side of FF 6, cutting off the intensification
gate. Other outputs of GT 7 clear FF 5 and set FF 7.
The combination of the flip-flops at this time is 100000.
The 16th add-1 signal produces another 111000 voltage
combination in the flip-flops of the counter, condition-
ing the circuit for a second intensification gate. The in-
tensification gate is repetitive every 120 usec. Each gate
corresponds to one character of the word being dis-
played.

During the display period of the DD cycle, the end-
word signal is generated by the X-position counter and
shift control circuit at time 620 (coincident with the
fifth next-character signal described in 2.4.1.1 of this
chapter). Generation of the end-word signal restricts
add-1-to-timing-counter signals from the master control
circuit. The timing counter remains unchanged until the
next clear-timing-counter signal is received. This occurs
at time 640 (at time 630 if precessing takes place), when
a new word is received from the Drum System.

The intensification-gate cutoff signal, generated at
time 130, is also used to time the displaysof the charac-
ters that make up a word. Gate tubes 8 and 9 (fig.
3—23) and FF 7 generate a clear character-register sig-
nal and a next-character signal. The clear-character-
register. signal is applied to the character storage and
character register circuit, and the next-character signal
is sent to the X-position counter and shift control cir-
cuit.

2.5.3 Control Bit Sensing Circuit

The control bit sensing circuit makes use of three
AND’s and two flip-flops to decode the value of the
sign bits in each DD word. Depending upon the values
of these sign bits, one of three possible control condi-
tions is established in the sensing circuit. A 01 combina-
tion of the left sign bit and right sign bit produces a
new slot condition which effects the selection of a DDIS
and displays the word in the upper left of the viewing
screen. A 10 combination of these bits causes the display
word to be positioned at the top line of the opposite
side of the viewing screen. When both sign bits are 1,
+ the word is displayed two lines beneath the word previ-
ously displayed. The control bit sensing circuit has no
control of the display when the sign bits are both 0, and
the cycle continues. An OD 3 signal clears the sensing
circuit flip-flops after the control function has been ex-
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ercised. Figure 3—24 is a logic diagram of the control
bit sensing circuit.

2.5.3.1 New-Slot Operation

When the left and right sign bits of a word contain
a 0 and a 1, respectively, a 01 combination is established
in FF’s 1 and 2. This combination indicates that a new
message is being read into the generator element. The
function of the new-slot AND is to sense this 01 com-
bination and to condition GT 1 so that signals may be
sent to the remote generator components which prepare
the indicator element for the receipt of a new message.
Since a word is sent from the Drum System at OD 1
time, GT 1 passes the first OD 3 signal applied to the
gate. The output of GT 1 is the new-slot signal and is
distributed as an erase signal, a left-half signal, an add-
1-to-slot-counter signal, and a clear-Y-counter signal.
The add-1-to-slot-counter signal is applied to the slot
counter circuit, stepping the counter to a new count, and
selecting another slot to display information. The erase
signal is fed to the erase gate circuit to establish the
erase gate. The left-half signal is applied to the X-posi-
tion counter; and the clear-Y-counter signal is applied
to the Y-position counter. The combined execution of

TABLE 3—3. CONDITION OF CHARACTER TIMING
AND INTENSITY FLIP-FLOPS, DISPLAY PERIOD

TIME
(inusec) FF1 FF2 FF3 FF4 FF5 FFé6

0 0 0 0 0 0 0

10 1 0 0 0 0 0
20 1 1 0 0 0 0
30 1 0 1 0 0 0
40 1 1 1 0 0 0
50 1 0 0 1 0 1
60 1 1 0 1 0 1
70 1 0 1 1 0 1
80 1 1 1 1 0 1
920 1 0 0 0 1 1
100 1 1 0 0 1 1
110 1 0 1 0 1 1
120 1 1 1 0 1 1
130 1 0 0 0 0 0
140 1 1 0 0 0 0
150 1 0 1 0 0 0
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these signals positions the first word of a new message
in the upper left of the selected slot.

2.5.3.2 Other-Half Operation

A 10 combination in the sign bits of a word posi-
tions the word, as well as the remaining words of the
slot, on the other side of the selected indicator slot. The
10 combination in FF’s 1 and 2 is sensed by the other-
half AND. This circuit conditions GT 2, which gates
the next OD 3 pulse applied to GT 2 after the word is
received from the Drum System.

The output of GT 2 is applied to a flip- ﬁop in the
X-position counter and shift control circuit. This signal
is called an other-half signal, and its function is to con-
dition the X-position counter and shift control circuit
so that the remainder of the message will be displayed
on the other half of the display tube viewing screen.
Hence, the other-half signal, together with the clear-Y-
counter signal, causes the word to be displayed on the
top line of the other column of the selected display tube.
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2.5.3.3 Skip-Line Operation

A 1 in both the left and right sign bits of a word
causes the selected display tube to display the next word
two lines below the word previously displayed. The
skip-line AND is used to sense the 11 combination in
FF’s 1 and 2. Gate tube 3 is conditioned by this AND
and passes an OD 3 pulse as a skip-line signal. This
signal is applied through the master control circuit to
the Y-position counter, stepping the counter by one
count. Since the counter had previously been set by the
end-word signal generated during the processing of the
previous word, the display skips one line.

2.5.4 Erase Gate Circuit
The function of the erase gate circuit is to generate
an erase gate which may be used with the DDIE selec-
tion signals to erase messages previously displayed. The
circuit consists of two basic parts: one part establishes
the erase gate, and the other determines the termination
of the erase gate. The initial erase gate produced by the
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generator element occurs during the delay period of the
DD cycle. This gate has a duration of 2,280 psec. Each
gate generated during the display period of the cycle is
2,400 psec in length. Timing of the erase gate is de-
pendent upon the next-character signal generated by
the character timing and intensity circuit. Figure 3-25
is a logic diagram of the erase gate circuit.

2.5.4.1 Erase Gate Generation

The first erase gate is generated during the delay
phase of the initial period. The initial-erase signal gen-
erated in the master control circuit sets FF 1 in the erase
gate circuit, thereby conditioning GT 1. After the ini-
tial-erase signal, the first next-character signal is gen-
erated. The next-character signal, occurring 120 psec
after the initial-erase signal, is applied to the X-position
counter and shift control circuit to produce a sense-
erase signal which is applied to GT 1 and to the 0 side
of FF 1. This sense-erase signal passes GT 1, sets FF 2,
and also clears FF’s 3 and 4. When FF 2 is set, the erase
gate is initiated. (See fig. 3—25.) ‘

During the display period of the DD cycle, the
new-slot signal from the control bit sensing circuit sets
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FF 1. The next-character signal, which shifts the I char-
acter of the first word of a slot, also generates a sense-
erase signal. This occurs 140 psec after the clear-timing-
counter (1oad-DD) signal is received by the character
timing and intensity circuit. The sense-erase signal is ap-
plied to conditioned GT 2 and to the 0 side of FF 1. The
output of GT 1 sets FF 2, establishing the erase gate
during the display period.

2.,5.4.2 Erase Gate Cutoff

A 2-stage counter in the erase gate circuit is used
to cut off the erase gate. This counter is cleared by the
sense-erase signal, gated through GT 1, and is stepped
by the end-word signal produced by the X-position
counter and shift control circuit. End-word signals oc-
cur at a time coincident with every fifth next-character
signal. The first end-word signal is applied to the coun-
ter 480 usec after the erase gate is established.

During the delay phase of a DD cycle, the timing
counter in the character timing and intensity circuit is
not cleared while it is being recycled. As a result, the
three remaining end-word signals required to clear the
erase gate counter and cut off the erase gate occur at
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Figure 3—25. Erase Gate Circuit, Logic Diagram
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600-psec intervals. The fourth end-word signal applied
to the counter is gated by GT’s 2 and 3 to the 0 side of
FF 2, cutting off the erase gate. The duration of the ini-
tial erase gate is, therefore, 2,280 psec.

Operation of the erase gate counter during the dis-
play period is the same as that described for the delay
phase, except that the timing of the end-word signals is
altered. The first end-word signal is received 480 psec
after the sense-erase signal, as in the delay phase. There
is a delay of 20 psec before the next word begins. There-
fore, the second end-word signal is received 640 psec
after the first. Similarly, 640-usec intervals elapse before
the third and fourth end-word signals are received. The

‘FIRST

INDEX
INITIAL
ERASE END END
SIGNAL WORD WORD

1 1 f
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fourth end-word signal clears FF 2, cutting off the erase
gate 2,400 psec after the gate is established.

At the end of the display period, a stop-DD signal
from the master control circuit clears FF 2. This action
prepares the erase gate circuit for the next DD cycle.
Note that the last sense-erase signal of the display pe-
tiod clears FF 1. Flip-flop 1 is set by the initial-erase
signal of the next DD cycle. Figure 3—26 shows the
time duration of the erase gate for the initial period
and display period.

2.5.5 Contrast Gate Circuit

The contrast gate circuit is a 6-stage binary counter
with a seventh flip-flop which produces a 10-usec gate
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once every G40 usec of generator element operation.
This gate is applied simultaneously to all of the display

tubes of the indicator element, resulting in an improve--

ment of the contrast between the used and unused por-
tions of the viewing screen. OD 1 pulses are used to
generate the contrast gate.

As shown in figure 3—27, the contrast counter op-
erates as a conventional binary counter. Sixty-three OD
1 pulses are required to establish a 111111 combination
in the six flip-flops of the counter. The 64th pulse sets
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FF 7 and clears the first six flip-flops. This action condi-
tions GT 7 at the same time that it establishes the con-
trast gate. The 65th OD 1 signal sets FF 1 at the same
time that it is gated to the 0 side of FF 7, cutting off the
gate. Since OD 1 pulses occur every 10 usec, the time
duration of the contrast gate is 10 psec, with a recur-
rence rate of 640 usec of element operation. The output
of GT 6 is applied to the DD input switch as a test-
interleave signal. This signal is utilized by the DTE dur-
ing test operations.

SECTION 3
OVERALL TIMING OF DD ELEMENTS

3.1 TIMING AND CONTROL OF DD ELEMENTS

Timing of the DDE’s is dependent upon the timing
and control signals received from the Drum System. A
brief summary of timing and control signals follows.
Index pulses are received from the Drum. System every
time the MIXD drum completes a revolution. The index
recurs at 20,480-usec intervals. Other basic timing pulses
generated by the Drum System are the OD 1 and OD 3
pulses, which recur at 10-usec intervals.

The first OD 1 pulse after index time follows the
index pulse by 5 usec. The OD 3 pulses are generated 5
usec after the OD 1 pulses. Reading of a DD word from
the Drum System is initiated every 640 usec, and the
drum contains a maximum of 2,048 words.

In essence, the operational timing and control sig-
nals for the DDE’s are the signals from the Drum Sys-
tem. It is these basic signals which initiate the func-
tional operations necessary during the initial and dis-
play periods of the DD cycle.

3.2 CHARACTER PROCESSING

At OD 1 time, the Drum System sends a load-DD
signal, gated by the master control circuit, to the char-
acter timing and intensity circuit in the DDGE. This
signal is known as the clear-timing-counter signal and
clears the timing counter. The H character in the DDGE
is processed differently from the rest of the characters.
Binary selection bits for the first character of the word
(character H) are sent directly to the character register
from the drum. The binary values are converted into
analog voltages, selecting the desired character at the
DD CRT. When the H character has been intensified,
it is cleared out of the character register. The binary se-
lection bits for characters I, J, K, and L are sent to
character storage when they are received from the Drum
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System. They are shifted into the character register
sequentially by the appropriate character-shift signals.
While each character is in the register, the character
selected at the DD CRT is intensified. After the intensifi-
cation of one character, the register is cleared in prepara-
tion for the next character.

3.2.1 Character Timing, Display Period

The intensification-gate cutoff signal generated at
time 130 is used to time the display of characters of the
word. (See fig. 3—28.) The cutoff signal sets FF 7 (fig.
3—23), thereby conditioning GT’s 8 and 9. Since the
cutoff signal is in essence an OD 1 pulse, the OD 3 input
will pass GT 8 before the OD 1 pulse is applied to GT 9.
Thus, a clear-character-register signal is developed at
approximately time 135; i.e., 135 psec after the word is
received from the Drum System. When the OD 1 pulse
passes GT 9, FF 7 is cleared and the X-position counter
and shift control circuit receives a next-character signal.
This signal is generated at time 140. A clear-character-
register signal is generated 135, 255, 375, 495, and 615
usec after each display word is received by the generator
element. The next-character signal is produced 140, 260,
380, 500, and 620 psec after the word is received.

The condition of FF’s 1 through 6 (fig. 3—23, table
3—3) at time 620 is the same as at time 140; i.e., 110000.
Since the end of the display period coincides with an
end-word signal, the combination existing at the end of
a display period is 110000.

3.2.2 Character Timing, Initial Period
No add-1-to-timing-counter signals are generated
after a display period ends. Beginning with the next DD
cycle, the flip-flop combination, as explained above, is
110000. The first add-1 signal of the new cycle is gen-
erated by the OD 1 signal that follows the first drum
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index pulse received. The 11th add-1 pulse is generated
110 psec after the drum index pulse is received. As a re-
sult of the eleven add-1 pulses, the flip-flop combina-
tion is 100000. This combination conditions GT 9 (fig.
3—23) which gates the next OD 1 signal as a next-
character signal. Because no clear-timing-counter signals
occur during the initial period, next-character signals
are generated at 120-usec intervals as long as add-1 sig-
nals are received. Every fifth next-character signal pro-
duces an end-word signal; the end-word signals are gen-
erated at 600-usec intervals during the delay phase. The
intensity gate is generated because the intensity circuit
is operating; however, since the slot counter is set at 0
and there is no DDIS assigned to slot 0, no DDIS is in-
tensified.

3.3 WORD PROCESSING

All characters processed in the DDGE are put into
words. The processing of the word begins with the load-
DD signal from the Drum System. The end of a word is
signified by an end-word signal received from the X-
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position counter. At the end of a word, the Y-position
counter is advanced and the character storage and char-
acter register flip-flops are cleared in preparation for
the next word. Since the time required to process the
H character is 140 psec and the time required to process
the other four characters is 120 psec each, the time from
the start of a word to the end of a word is 620 psec.
When a DD cycle is initiated, words are read out consec-
utively, one every 640 usec. The 20-psec delay between
words is used for precessing the drum at index time.

3.4 SLOT PROCESSING

The words processed are displayed in slots. A new
slot is started by the first word in the slot. The 01
combination in the LS and RS bit positions of this
word causes the control bit sensing circuit to send a
signal to advance the slot counter by 1. This action
selects another DDIS (or slot) to display the next DD
message on its viewing screen. Simultaneously, an
erase gate is generated to erase still another DDIS,
making this second DDIS ready to receive data when
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Figure 3—28. DD Timing for All Words
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it is selected for display. The length of a slot is deter-
mined by the number of words assigned. This may be
any number of words from 4 to 32. The minimum word
assignment is dictated by the time required to generate
the erase gate; the maximum is established by the capac-
ity of the DD CRT word storage. /

3.5 CYCLE PROCESSING

The slots processed are either in the DD 1 or the
DD 2 cycle. Both cycles are initiated by the Central
Computer in a similar manner. When a cycle is started,
the master control section distributes the control sig-
nals necessary for DDGE operation: the slot counter
is set for DD 1 or DD 2, and the initial erase gate
is generated. Each slot of the appropriate cycle is then
selected sequentially to display its assigned informa-
tion. When it is time for the cycle to stop, the master
control is set so that the DDGE will not operate until
the next cycle is started, the erase gate is cut off, and
the Y-position counter is preset. The cycle of operation
is stopped by the last slot. Only one word is used for
this slot; it is not displayed, but is used only for stop-
ping the cycle. This word contains the control bits
required to advance the slot counter (LS-0 and RS-1).
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This makes the end-block signal coincide with the end-
slot signal. These two signals are combined in the
master control circuit to produce the stop-DD signal.

3.5.1 Timing of Initial Period
Figure 3—29 presents a graphic illustration of the
initial period of the display cycle. The function of this

portion of the cycle is to synchronize generator element

operation with Drum System operation and to erase
the DD tubes which are selected when the slot counter
is 0. To erase the CRT’s, an initial erase gate of 2,280
psec is generated (refer to 2.5.4 of this chapter). Drum
reading is delayed after the erase gate for a period ex-
ceeding the 200 ms required for complete erasure of
the previous display. The phase counter in the master
control circuit remains in a delay condition until the
11th drum index pulse is received from the Drum. Sys-
tem. During this interval, the generator element pro-
duces all the gates and timing signals required for
operation except the intensification gate to the indicator
element.

The initial erase gate is established 120 psec after
the first drum index signal is received. At this time,
the first next-character signal is generated by the char-
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Figure 3—29. Initial Period of DD Cycle, Timing Chart
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acter timing and intensity circuit. These shift signals
recur at 120-usec intervals during the delay phase. An
add-1 signal is fed to the Y-position counter 480 psec
after the first shift signal is developed and at every
fifth shift signal thereafter,

When the 11th drum index pulse is received by
the generator, the delay counter in the master control
circuit sends a start-DD-read signal to the Drum Sys-
tem. After 63 drum registers are skipped, the G4th
register is read out to the DDGE. At the same time that
the 64th register is read, the Drum System sends a read-
sample (load-DD) signal which clears the timing coun-
ter in the character timing and intensity circuit and sets
the on-off flip-flop in the master control circuit. A
period of 270 psec before this signal is received, the
last end-word pulse produced during the delay period
steps the counter in the erase gate circuit at the same
time that it steps the Y-position counter. No further
shift (next-character) signals are generated by the char-
acter timing and intensity circuit.

3.5.2 Timing of Display Period

The display period of the DD cycle begins 630
usec after the phase counter has been set to the display
phase. At this time, the read-sample (load-DD) signal,
as well as the 32 information signals which comprise
the word, are received from the Drum System. Figure
3—29 illustrates the condition of the generator. The
word is read into storage, the on-off flip-flop is set to
on, and the flip-flops which comprise the timing coun-
ter in the cMaracter timing and intensity circuit are
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cleared. This is shown as time 0 in the timing chart.
Five psec later, at OD 3 time, the slot counter and the
X-position counter and shaft control circuits are stepped
by the LS and RS combination of the display word.
The Y-position counter is cleared by this action.

The character timing and intensity circuit generates
an 80-usec intensification gate at time 50. Five psec
after this gate is cut off (at time 135), a clear-charactet-
register signal clears the character register in prepara-
tion for the shift operation that will shift the I char-
acter from storage into the register. During this first
135-usec period, the H character has been applied to
the character decoder and displayed on the selected
indicator slot. The shift-I signal is generated at time
140, and initiates the transfer of the I character. The
remaining characters (J, K, and L) are shifted from
character storage to the register at 120-usec intervals.
A period of 620 usec is required to read one word
from the Drum System and apply the word, in analog
form, to the selected slot in the indicator element. The
end-word signal generated by the fifth next-character
pulse is fed to the Y-position counter as an add-1 sig-
nal, which prepares the indicator element for the posi-
tion of the next word.

When the last slot in the DD group has been dis-
played, end-block and end-slot signals are combined
in the master control circuit with the end-word signal.
As a result, a stop-DD signal is produced which ends
the display period. At this time, the various counters
in the timing and control section are prepared for the
next DD cycle.
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PART 4
SITUATION DISPLAY ELEMENTS

CHAPTER 1
SITUATION DISPLAY PRESENTATION

1.1 GENERAL

The situation display (SD) elements in the Display
System provide a visual presentation of the information
communicated to it by the Central Computer System.
This information is rapidly changing air-attack intelli-
gence and is presented on a display tube in the form of
a plan-position display. The display shows primarily
the correct locations of moving targets and their geo-
graphical relationship to fixed points and/or other mov-
ing targets.

1.2 TYPES OF MESSAGES

The output, or the graphic representation on the
viewing screen of the SD CRT, appears as a message
in the form of individual characters or vectors. The
message may consist of a single symbol or of a group
of symbols relating to one point or target; it may be a
single vector describing location or a combined group
of vectors and other characters designating the direc-
tion and speed of a target, its height, track number
and identification.

The air situation thus shown is interpreted and
reduced by operator personnel. The display reflects
existing and changing air-tactical conditions.

The illustration in figure 4—1 shows a typical SD
. CRT with the four basic types of messages that may
be displayed. These are designated radar data (RD),
track data (TD), TD tabular information, and TD
vector messages.

Figure 4—2 shows a typical TD tabular track mes-
sage. This type of message contains a vector and up to
13 characters. Referring back to figure 4—1, it will be
seen that this type of message has a point which shows
the present position of an aircraft, with the vector indi-
cating the speed and heading of the aircraft. The letters
and characters in this message provide identification and
other data about the aircraft.

Figure 4—3 depicts a typical TD tabular informa-
tion message. Messages of this type contain up to 13
characters. In figure 4—1, this type of message uses a
symbol and letters to indicate the location of airfields
and other geographical locations.

Figure 4—4 shows typical displays of TD vector
messages. This type of display consists of four vectors
(V1 through V4), with four characters adjacent to the
origin of the last vector. In figure 4—1, this type of
display is used to indicate an aircraft flight plan and
also to form an attention-getting box.

Figure 4—12 shows a typical radar message with
each of the 8 categories. Each display consists of eight
radar returns. Of the eight returns, seven are “history”
and are dimly displayed. The eighth return is the
present return and is brightly displayed.

1.3 TD TABULAR TRACK MESSAGE DISPLAY
FORMAT

The complete format pattern of a TD tabular track
message when displayed on the SD CRT is shown in
figure 4—5. Each box of the format represents one
character of the message. Each character is identified by
a letter with a numerical subscript to identify its posi-
tion in the message.

In this tabular track message format, each group of
characters bearing the same letter designation is re-
ferred to as a feature. There are A, B, C, D, and E
features, each of which contains information. In addi-
tion, the point shown in the E feature is referred to
as the point feature. The vector is an additional source
of information, but is not considered a feature.

The feature is significant in that it represents a
patticular type of air-defense information. The - E
(point) feature represents the present location of an air-
craft. The A, B, C, and D features represent the present
location of an aircraft. The A, B, C, and D features
represent other computer-resolved information about
the aircraft, such as track number, velocity, and altitude.
Although the vector is not a feature, its direction indi-
cates the direction of the aircraft and its length indi-
cates the speed of the aircraft.

Particular features and characters may be omitted
from a displayed track message at the discretion of the
console operator. This is possible because the features
are wired through selection switches at the SD consoles.
With these selection switches, the operator can display
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Figure 4—1. Typical Situation Display

or suppress any of the five features (A, B, C, D, and E)
supplied to his console, with the exception that both the
A and B features cannot be displayed simultaneously.

A vector is started with its origin at the point

E CHARACTER

\\IJTP \\\ N 9T

LP+ 1M AELIS
§/\3327 cu13
POINT VECTOR

VECTOR

Figure 4—2. Typical TD Tabular Track
Message Displays
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feature and is swept some distance in a direction deter-
mined by the X and Y values of the vector. The direc-
tion that the vector is swept from the E feature (central
point) partly determines whether the other features will
be located left of, right of, above, or below the E
feature. Message positioning in relation to the vector
is also determined by a position bit generated by the
computer. If this position bit is 0, the E feature is posi-
tioned left or right of the other features. Whether the
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Figure 4—4. Typical TD Vector
Message Displays

E feature is positioned on the left or right, then, de-
pends on whether the X value of the vector is posmve
or negative. If the X value is negative, the E feature is
positioned on the left; if the X value is positive, the E
feature is positioned on the right (see top portion of fig.
4~6). If the position bit is 1, the E feature is placed
either above or below the rest of the features. The Y
value of the vector determines this. If the Y value is
negative, the E feature falls below; if the Y value is
positive, the E feature is placed above the rest of the
features (see bottom portion of figure 4—6). The se-
quence in which the parts of the TD tabular track mes-
sage are generated is shown in figure 4—7.

1.4 TD TABULAR INFORMATION MESSAGE

DISPLAY FORMAT

As indicated in figure 4—8, the TD tabular in-
formation format is similar to that of the TD tabular
track message. There are, however, two distinct and im-
portant differences. First, this format is different be-
cause there is no vector generated. Second, the character
groups are not called features, they are not selected by
the operator, and there are only four groups (A, C, D,
and E). Otherwise, the TD tabular information message
is similar to the TD tabular track message.

1.5 TD VECTOR MESSAGE‘ DISPLAY FORMAT

Figure 4—9 illustrates the format for the TD vector
message display. It shows the four vectors and the G
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character group. The four vectors are generated, and
then the character group is positioned in relation to
the fourth vector.

Each vector is swept from a point of origin (central
point) designated by X and Y, in a direction and for the
distance determined by the X and Y values. The sub-
scripts indicate the sequence in which the vectors are
generated. Subscript 1 designates the first vector, sub-
script 2 designates the second vector, etc.

After the fourth vector has been generated, the four
G characters are positioned adjacent to the point of
origin (central point X4, Y4) of the fourth vector.

TD POINT AT
CENTRAL POINT (X))

o R
% - ||B1] |Be| B3
< BIEE

TRACK MESSAGE ﬁ B4l |Bs

Figure 4—5. TD Tabular Track Message Format
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X NEGATIVE
FORMAT TO RIGHT OF CENTRAL POINT

X POSITIVE
FORMAT TO LEFT OF GENTRAL POINT

POSITION BIT = 0; POSITION DEPENDS ON SIGN OF X

ooon CENTRAL POINT
0000 //“”
0000 ~¢
e 0ooo
uooo
CENT(R;\’LY ;Domr. aaano
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Relative positioning of the G characters in respect
to the central point of vector 4 is determined by the
values of X4 and Y4. Figure 4—10 shows the four
possible positions of the G characters and lists the
corresponding X4 and Y4 values needed for each posi-
tion.

1.6 RADAR DATA MESSAGE DISPLAY

Each radar target return reported to a Combat
Direction Central is prepared in the Central Computer
System for presentation by the Display System to ob-
server personnel.

When a given target report is entered into the Cen-
tral Computer, the target co-ordinates are converted to
rectangular co-ordinates. (Radar polar co-ordinates must
first be converted to rectangular co-ordinates with respect
to the sector reference point.) The rectangular co-
ordinates are then placed on one of the nine fields of the
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RD drum as an RD message. Note that each such set
of data is considered to be a single message; i.e., a 1-word
message.

1.6.1 RD Message Contents

The RD message received by the Display System is
converted into analog voltages and displayed on the
SD CRT. The message is displaced from the center of
the viewing screen by horizontal and vertical distances
determined by the X and Y co-ordinates, respectively.
This displacement is proportional to the displacement
of the target from the sector reference point along a
parallel and a meridian. For targets to the west or to
the south of the sector reference point, the X or Y
co-ordinates would be negative. In effect, the message is
displayed in the same manner that a point is plotted on
a 4-quadrant graph. The RD message data on the RD
drum must, therefore, contain the X and Y co-ordinate
of the target.
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Figure 4—7. Time Sequence of Character and Vector Generation for a
' Typical TD Tabular Track Message
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The method used in writing and reading the RD
drum provides an age classification of RD messages CENTRAL POINT CEN‘(I')F(\':; PoMNT
into present radar data and history radar data. Of the % / g
nine fields on the RD drum, oply eight are read by the
Display System during one of the 2.6-second display O0oo ooono
cycles. The ninth is held for writing new messages from
the Central Computer System. The fields, numbering
from one to nine, are written on in numerical order. % NEGATIVE X POSTIVE
Thus, field 1 usually contains older information than Y POSITIVE ¥ POSITIVE
field 2, field 2 usually contains older information than
field 3, etc. When field 9 has been written on, writing is
again initiated on field 1, replacing the oldest history
information on the drum with the newest (present) oood Oooo
information. RD drum reading by the Drum System 4 %,
starts with the field following the one being written on S / &
by the Central Computer and continues with the other GCENTRAL POINT GENTRAL POINT
seven fields in numerical sequence. Thus, field 1 is read (xave) (xae)
after field 9, and so on. RD data messages are displayed X NEGATIVE X POSITIVE

Y NEGATIVE ¥ NEGATIVE

in the order of their age, the oldest first, and the most

CENTRAL POINT (X,¥)

Ol
e
DR

Figure 4—8. TD Tabular Information
Message Format

TD VECTOR MESSAGE
CHARACTER GROUP

f‘——&_\
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NG

EACH OF THE FOUR VECTOR MESSAGE VECTORS CAN APPEAR
WITH ANY ORIENTATION AT ANY CENTRAL POINT; MAXIMUM
LENGTH APPROXIMATELY 2.l INCHES. THE G CHARACTER
GROUP OCCUPIES A DEFINITE POSITION - WITH RESPECT TO
THE CENTRA\ POINT OF VECTOR 4 (X4, Y4).

l"igure 4—9. TD Vector Message Display Format

POSITIONS DEPEND ON SIGNS OF X4+ AND ¥+ (COMPONENTS OF VECTOR 4)

Figure 4—10. Format Positioning of
TD Vector Messages

recent last. To indicate the age of the messages as they
are being displayed, the last field (most recent) supplies
a display-bright signal, making the present message dis-
play bright on the viewing screen. The seven preceding
messages (containing older history) always appear com-
paratively dim.

As a result of the writing and reading operations
described above, the SD CRT presents for any one target
a rapid sequence of RD messages that report the posi-
tion of the target during each of eight, successive writing
intervals. The evolution of a typical pattern is shown in
figure 4—11 in which the positions of successive read-
ings of the eight RD fields are illustrated. The intervals
between successive additions to the display average
14 second, which is the approximate reading time for
one field.

1.6.2 RD Message Categories

There are eight special classes or categories of RD
messages, each containing X and Y co-ordinates and
distinguished in the Display System by their source,
status, and age. Each RD message belongs to only one
of the eight categories, and each category has a distinc-
tive display. A symbol represents the source and status
of a message; the symbol brightness indicates the age
of the message (see fig. 4—12). The categories to be
displayed by a given SD CRT are under the control of
the operator at that display console. The operator may
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choose certain categories for display and suppress all
others. The latter statement is subject to two restrictions:

a. The operator cannot choose a particular RD
category unless his operating position is wired to
receive and display that category. (RD messages
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are not supplied to the console of an operator
whose duties do not require them.)

b. Some SDIS’s are wired so that certain categories
bypass the selection switches and are forced to

display.

LARGER THAN HISTORY RD-MESSAGE SYMBOLS.

NEXT PATTERN STARTS AFTER APPROXIMATELY 2-2/3 SECONDS;
EITHER REPEATING PREVIOUS PATTERN OR REPORTING A NEW
PRESENT POSITION.

. PRESENT RD-MESSAGE SYMBOLS ARE DISPLAYED BRIGHTER BUT NOT

Figure 4—11. Evolution of a Pattern of RD Messages
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Figure 4—12. RD Message Displays, Showing
-Samples of the Eight RD Categories
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CHAPTER 2
SITUATION DISPLAY INDICATOR ELEMENT

2.1 INTRODUCTION

The situation display indicator element (SDIE) is
made up of all the situation display indicator sections
(SDIS’s). The SDIS is primarily the SD CRT, with its
associated circuits and controls. Information from the
SDGE is displayed on the face of the cathode-ray tubes
so that the operators can interpret the prevailing air
defense area for interceptor flight-path instructions.
Each SDIS is located conveniently for the operators at
an SD console.

2.1.1 SDIS Inputs

All the inputs to the SDIE come from the SDGE,
either as information signals or control signals.

The information signals consist of 34 signal lines
of X, Y digital voltages (d-c levels of 410 or —30V)
for use in positioning the SD messages on the SD CRT.
Also included as information signals are the eight lines
of analog voltages, four for positioning of characters and
four for vector deflection.

Control signals are distributed as d-c levels for use
in generation and selection of displays.

The following three signals are provided to enable
the SD CRT to display the SD message:

a. One line — An intensify signal during character

or vector display.

b. One line — A defocus signal during character
generation (except for point and vector genera-
tion).

c. One line — A defocus signal during character
generation (except for point and vector genera-
tion).

The following types of signals (also d-c levels) are
distributed to the consoles to enable the selection of the
various types of situation displays:

a. Seven lines — Features (to all consoles)

b. Thirty-one lines — Track categories (including
one test category)

¢. Ninety lines — DAB’s

d. Up to 45 lines — Mixed TD category of DAB’s
(supplementary drivers)

e. Two lines — Mix all categories; mix all DAB’s

Of the possible 188 DAB and CAT lines, a maxi-
mum of 27 may be brought into any signal console. All

remaining signals to the SD console are concerned with
the generation and positioning of the individua! mes-
sage.

2.1.2 SDIS Outputs
The outputs from the SDIS are the same as the
displays explained in Chapter 2 of this part.

2.1.3 Situation Display CRT

The SD CRT is capable of displaying a number of
different types of information. It can generate vectors
to indicate aircraft direction and speed, aircraft flight
plans, and geographical borders. It can also generate
characters to indicate information about an aircraft,
intercept point, geographical object, etc. The informa-
tion supplied is constantly redisplayed in a cyclic manner
to keep the SD CRT up to date with the latest in-
formation being received by the SD subsystem.

The complete operation of the SD CRT is explained
in Part 2.

2.2 THEORY OF OPERATION

This chapter discusses the SDIE as it is broken
down into its logical functions. These functions are
illustrated in figure 4—13. A more detailed discussion
of each functional unit in the block diagram will be
found in paragraph 2.3 of this chapter.

The messages received from the Drum System by
the SDGE consist of eight digital words (TD message),
or one digital word (radar track message). When the
message goes to the SD console, it is composed of both
digital and analog signals. Of these, a certain number
are information signals, and a certain number are con-
trol signals. The information signals are of two kinds,
digital and analog. For instance, the character selection
and position signals are analog, while the message posi-
tioning signals are digital. The control signals are all
digital signals consisting of feature, and CAT and DAB
gates which determine whether the message can be dis-
played at a particular console. Thus, the control signals
within a message determine whether the information
signals within the message can be displayed.

2.2.1 Character Selection

The character-forming matrix is a metal disk con-
taining the 63 cut-out characters shown in figure 2—8.

“These characters have been etched through the metal

m
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disk. The disk is located in the front end of the electron
gun, as indicated in figures 2—6 and 2—7. The electron
beam from the gun is directed through one of the
character cut-outs selected by the message bits. The
emanating beam is thus extruded into the shape of the
selected character and appears as an enlarged replica
of the character on the viewing screen.

The bits of a message that select a character are
decoded (changed from digital to analog voltages) in
the SDGE. The resulting analog voltages are applied to
potentiometers within the high-voltage unit of the SD
console. The voltages from potentiometers in a push-
pull arrangement are applied to the selection plates
of the SD CRT. The voltages on the selection plates de-
flect the electron beam to the proper place on the
character matrix. The portion of the beam passing
through the matrix is shaped in the form of the desired
character. That portion of the beam which does not
pass through the matrix is attracted by the potential on
the matrix and passes off as a matrix current.

2.2.2 Character Positioning and Compensation
The second set of deflection plates in the SD CRT
places the character-shaped electron beam in a specific
position with respect to the message being displayed.
If a vector is to be displayed, this second set of plates
sweeps the electron beam (in this case, a focused beam)
the desired length and direction. These plates also com-
pensate for any off-centering of the character-shaped
electron beam caused by the character selection described
above. The character-positioning analog voltages for
the second set of deflection plates come from two sets of
potentiometers which are set up in a push-pull arrange-
ment similar to that used for the character selection
plates. These potentiometers are also located within the
high-voltage unit. The character-positioning voltages
are obtained from decoders within the SDGE.

2.2.3 Message Positioning

Because of the great variety and quantity of infor-
mation which will be displayed on the SD CRT, the in-
dividual console operator requires different expansion
scales so that he may observe enlarged displays of
particular areas of interest. For this purpose, OFF-
CENTERING pushbuttons and an EXPANSION con-
trol are provided on the front panel of the console.

2.2.3.1 Expansion Scales

The basic scale of expansion is designated as X1
(times 1). This is also called the frame of reference or
unexpanded display. The X1 display can be expanded
into X2, X4, and X8 displays.

If the X1 display is visualized with X and Y axes
superimposed on the face of the SD CRT, all messages
will be positioned with respect to the intersection of the
two axes. This positioning information is contained
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within each message in the form of X- and Y-position-
ing bits. When an X2 expansion is being observed, the
same SD CRT area is used to display 1/, the X-axis
distance and 1/ the Y-axis distance that is represented
by the X1 display. Thus, only 14 of the original geo-
graphic area can be seen, so that the messages appearing
in that particular area will be further apart and can be
interpreted more easily. In a similar manner, the X4
expansion presents only 1/16 of the original area for
display or 14 of the X2 display. The X8 expansion
displays only 1/64th of the original X1 display.

Of the four scales described, only three can be se-
lected at any one SD console. The three scales selected
are determined by how the expansion and off-centering
rotary switches (S71, S72, S73, and S74), at the rear of
each console, are positioned. The 3-position EXPAN-
SION switch (S28) is used to select contracted (CNTD),
normal (NORM) or expanded (EXPD) displays. In
most cases, each switch position will select a scale not
used on another switch position, the CNTD display
will usually be a lower expansion scale than NORM,
and NORM will usually be a lower expansion scale than
EXPD. CONTRACT AREA switch (S71) allows for
expansion scales X1 or X2 in the CNTD position. SCALE
switch (S72) makes possible X1, X2, or X4 in the NORM
posmon and X2, X4, or X8 in the EXPD position. Pro-
vision for X1 is not made in the EXPD posmon since
off-centering is not possible in the X1 expansion. There-
fore, the CNTD scale will never be X4 or X8, the NORM
scale will never be X8, and the EXPD scale will never be
X1, since no off-centering would be possible under these
circumstances.

Expansion and off-centering do not affect the char-
acter size or spacing between the characters of a mes-
sage because the digital voltages of word 1 (which are
used to position the entire message on the face of the
SD CRT) are processed for expansion separately from
the bits that are used for positioning each character
within the message. The latter are actually decoded in
the SDGE and arrive at the SD console as analog volt-
ages. In the case of a TD vector message, however, the
spaces between the vectors will vary with the expansion,
although the size of the vectors will not be altered by
the particular expansion level.

2.2.3.2 Off-Centering A

Expansion and off-centering rotary switches (S71,
§73, and S74) determine the off-centering positions for
CNTD and NORM displays. If, for instance, thé\CNTD
display is an X2 expansion, the segment of the Xl\dls-
play which will be viewed when in the CNTD posmon
will be independent of operator control. The X1 seg-
ment will have been selected by maintenance personnel
by setting CONTRACT AREA switch §71.
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The operator will, however, be able to select a par-
ticular segment of the NORM display for expanded view-
ing on the EXPD display. A maximum of 14 OFF-
CENTERING buttons is provided on the front panel of
the console for this selection, seven along the top of the
SD CRT, and seven along the left side of the SD CRT.
These controls are shown in figure 4—14.

If the EXPD scale is four times that of the NORM
scale, only three of each set of seven pushbuttons will be
available to the operator. The other four will not be
available. Figure 4—15,A, shows a display wired so that
X2 expansion appears with the EXPANSION control
switch at NORM. If we divide this area into sixteenths
(four of which can be picked for display when the EX-
PANSION control is set to EXPD), it can be seen that
there are nine areas that can be expanded to twice the
NORM size: ABEF, CDGH, IJMN, KLOP, BCFG,
JKNO, EFIJ, GHKL, and FGJK. Note that this allows

a 50 percent overlap between sections. Observe, also,’

that the intersection of a vertical line drawn from the
top OFF-CENTERING pushbutton on the side would
intersect at the center of the selected area.

To select the shaded area of figure 4—15,A, for
expansion, pushbuttons Xc and Y, are depressed, and
the EXPANSION control is turned to EXPD. In this
case, the EXPD position displays a geographical area
14 the size of the area of the normal display. In B, of
fig. 4—15, however, the NORMAL display is an X4
scale of the frame of reference; the EXPD display is cov-
ering an area 1/16 that of the frame of reference.

A maximum of seven pushbuttons along the X-axis
of the display and seven along the Y-axis provide a
maximum of 49 possible areas of expansion (figs. 4—14
and 4—15), when turning from a NORMAL display to
an EXPD display.

The rotary switches (or plugboard, where these are
still used) are located in the rear of the console (fig.
4—16). These switches or plugboards also control the
level of expansion to which a particular console has ac-
cess. A further description of these controls is given in
2.6 of this chapter, The situation display console op-
erating controls are shown in figure 4—14.

2.2.3.3 Expansion Relays

The message-positioning bits go first to the expan-
sion relays which are controlled by the EXPANSION
switch (828), CONTRACTED AREA switch (§71),
SCALE switch (§72), NORMAL AREA switches (S73
and S$74), and OFF-CENTERING buttons. Of the 26
positioning bits that come in, 13 are for X-axis posi-
tioning and 13 are for Y-axis positioning. For any par-
ticular expansion, 10 of the X bits and 10 of the Y bits
are selected. A different set of 20 bits is used for each
individual expansion. The relays which select the 20
bits direct these bits to the 10-bit binary decoder (which
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accepts 10 bits for X and 10 bits for Y positioning),
where the digital voltages are converted into analog volt-
ages for use in the SD CRT. In addition, the intensifica-
tion signal is gated into intensification unit 2. The gat-
ing of this signal in the intensification unit is deter-
mined by the operation of the expansion and off-
centering relays in order to produce intensification on
the face of the SD CRT for only those messages that fall
within the expanded area. All other messages are not in-
tensified.

2.2.3.4 Ten-Bit Binary Decoder

The function of the decoder is to convert the digi-
tal voltages (the voltages are the positioning bits) into
analog voltages for positioning the messages on the
viewing screen of the SD CRT. The decoder consists of
two identical sections, one for X positioning and one
for Y positioning, Each half accepts 10 input digital
voltages and combines them to form one analog output
voltage. For instance, if all the input bits to the X sec-
tion are 1, the analog output will be 4150V, correspond-
ing to a message position on the extreme right side of
the tube. If all the output bits are 0, the analog output
will be 4100V, corresponding to the extreme left side
of the tube. Various combinations of input bits will
produce analog outputs between these two values;
+125V would then be the center of the tube in the ref-
erence plane. A net change (differential output) of 50V
is therefore required to produce deflection from one
end of the SD CRT to the other.

The decoder is also connected to the decoder sim-
ulator which is a circuit similar to the decoder but
which has no signal input. The decoder simulator is
located in a pluggable unit directly beneath the decoder.
Both decoder and decoder simulator are powered from
the same B supply; any variation in the B-|- voltage
will be reflected equally in the outputs of the decoder
and decoder simulator, Both of these outputs are fed to
the deflection amplifier (described below in 2.2.3.5).
The deflection amplifier has been designed so that it
will not be sensitive to signals appearing on both in-
puts (from decoder and decoder simulator). Thus,
any variation appearing on the decoder output due to
B variation will also appear on the decoder simulator
output, and the deflection amplifier will not respond to
this variation. Message-positioning will therefore be
independent of supply voltage variations.

2.2.3.5 Deflection Amplifiers and Deflection
Drivers

The deflection amplifiers amplify the X, Y outputs
of the binary decoder. The amplified outputs are fed to a
deflection driver unit which contains cathode follower
power amplifiers. The resultant output, in turn, drives
the deflection yoke (located around the neck of the SD
CRT), and positions the SD message on the viewing
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screen of the CRT. One deflection amplifier and one
channel of the driver constitute a feedback system which
is used to maintain accuracy and stability of amplifica-
tion.

2.2.4 SDIS Selection

There are great quantities of messages on the air
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Figure 4—16. SD Console, Access Doors Open

2.2.4.1 Categories

One method used by the Central Computer in dif-
ferentiating between messages involves placing each SD
message in one of a possible 40 (32 TD and 8 RD) basic
categories. Each console is assigned a certain number
of categories, receiving only those categories which
are required by the operator for performing his tactical
duties.

Those categories that are assigned are routed
through CAT switches on the front panel of the SD
console so that the operator has control over whether
the messages in a particular category will be displayed
or not displayed. Only category 1 (test category) can-
not be selected at the front panel of the SD consoles.

Bits LS through L4 of word 2 of a tabular or vector
message are used to identify the category of the message.
These five bits can be used to count 32 since there are 32
combinations of 1’s and 0’s possible with the five bits.
Category 0, containing 0’s in all five bit positions, is re-
ferred to as a null category. This category is used only
when a display assignment bit (DAB) is assigned to a
message.

There are also eight radar categories, identified by
bits L14 and L15 of an RD message and an RD-dim-
RD-bright signal.

Although all the information signals (character se-
lection, character position, etc.) of a particular TD or
RD message arrive at every SD console, the message
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will not be displayed on the SD CRT unless the cate-
gory bits of that message form a combination that is as-
signed to the particular console. In addition, the CAT
switch must be turned to its ON position. Each CAT
switch has two ON positions, immediately to the left
and to the right of center (OFF position). The ON po-
sition on the left permits the CAT switch to function in
conjunction with one bank of feature selection switches,
while turning the category switch to its other ON posi-
tion (on the right) allows it to function with the other
bank of feature switches. (In the case of RD messages
and geography TD messages, the CAT switch position is
of no consequence.) Feature switches are discussed in
2.2.4.5.

2.2.4.2 Display Assignment Bits

In addition to selection by category, a message can
be selected by means of a DAB, Each DAB has a perma-
nent relationship or assignment to one or more con-
soles. Thus, if the Central Computer System is impelled
to display a message at a specific console, it places a 1
in the assigned DAB for that console in the message.

There are two types of DAB messages: forced and
selected. A forced DAB message is automatically dis-
played at the assigned console; a selected DAB mes-
sage is routed to a specific console where the operator
has the option of switching the message on or off. The
CAT selection switches are used to control selected
DAB messages.

2.2.4.3 Mixed DAB’s and CAT’s

In addition to the 40 basic categories and the 90
DAB’s, up to 45 supplementary drivers (CAT’s, DAB’s,
and mixed CAT’s and DAB’s) may be created in the
SDGE. The mixing of CAT’s and DAB’s can be ac-
complished either at the SDGE or at the consoles, al-
though the 45 supplementary drivers, referred to here,
are obtained by mixing in the SDGE.

2.2.4.4 DAB and CAT Inputs to Consoles

There are 27 input lines to each console which may
be used to bring DAB’s and CAT’s to the console. The
- assignment of these lines differs from console to con-
sole and is a function of the tactical requirements of
each individual console.

2.2.4.5 Feature Selection

Feature selection (applicable only to TD tabular
track ‘messages) enables the operator to select por-
tions of the messages selected at the CAT switches. Five
input lines to the consoles carry features A through E
to the feature switches. These switches govern which of
the features (in the messages selected by the CAT
switches) will be intensified on the SD CRT. When a
feature is selected by a feature switch, the feature gate
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is transmitted to the intensification circuits so that the
SD CRT will be intensified during the time of display
of the feature.

The feature switches are located in two banks of
four switches each at the upper left corner of the con-
sole front panel. Each bank functions independently of
the other and is associated with one of the two ON po-
sitions of the CAT switches. One additional switch is
located above each bank of feature switches. This is
the BRIGHT-DIM switch; it controls the intensification
level of the features that are selected by the associ-
ated bank of feature switches.

2.2.5 Intensification

Message selection by means of CAT’s and DAB’s,
and feature selection and expansion of the display are
implemented by the intensify circuits. Those messages (ot
features of messages) which are not intended for display
at a particular console are sent to the console, never-
theless; but they are not intensified. Should the tactical
requirements of a particular console change so that the
console requires a different category of message (or dif-
ferent feature assignments), it becomes a simple matter
to alter the incoming control signal lines to the intensify
circuits so as to produce illumination of the desired
messages.

In the case of expanded displays, the messages
which fall in the geographical areas outside the ex-
panded area being viewed are still brought to the con-
sole, However, the geographical information produced
in the expansion circuits is sent to intensification unit 2
so that only those messages in the expanded area will
be intensified.

2.2.5.1 Intensification Unit 1
The functions of this unit are as follows:

a. Intensification of selected features (with inten-
sification unit 2).

b. Application of regulated current to the SD
CRT convergence coil for optical focusing of
the electron beam so that the characters will
not appear blurred.

c. Intensification of bypass feature (with inten-
sification unit 2).

d. Application of a defocus gate to the first anode
of the SD CRT to defocus the electron beam be-
fore it reaches the character-forming matrix, for
all characters except point and vector.

2.2.5.2 Intensification Unit 2

This unit functions with intensification unit 1 and
four input gates to the SD console to produce intensi-
fication of all points and characters scheduled for dis-
play on the particular console.
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2.2.6 High-Voltage Power Supplies
There are two high-voltage power supplies in the

SD console: HV power supply B and HV power supply
C. The model B supply produces high voltage for the
second anode of the SD CRT. The model C supply pro-
duces the supply voltages for the cathode and control
grid of the CRT. The filament voltage for the CRT is ob-
tained from the high-voltage unit. The operation of
these units is explained in the Special Circuits Manual,
3-3-0.

2.2.7 High-Voltage Units

. High-voltage unit, model A, supplies the SD CRT
circuits with most power requirements. Both major sig-
nal and power needs are routed through this unit. A
complete circuit analysis is given in the Special Cir-
cuits Manual, 3-3-0. :

The functions of the model A high-voltage unit are

as follows:

a. Provides taps on the high-voltage supply
bleeder for the light-gun and area-discriminator
high-voltage requirements.

b. Provides the input network for a convergence
current regulator that generates a voltage pro-
portional to SD CRT accelerating voltage, by
means of which the convergence coil current is
regulated.

c. Contains the amplitude adjustment for horizon-
tal and vertical centering controls for character
compensation and selection,

The unit is mounted so that the controls are located
on the subpanel of the console.

2.3 DETAILED OPERATION

This chapter discusses the SDIE from a detailed
functional operation. The block diagram in figure 4—13
shows the logic functions in the overall operation of
the SDIE.

2.3.1 Character Selection

Characters are selected at the matrix by feeding ap-
propriate x and y voltages to the character selection
plates. These are obtained in the SDGE where digital
voltages from the Drum System are changed into ana-
log voltages. The analog voltages are fed to the charac-
ter selection plates through potentiometers in the
high-voltage unit. The potentiometers, labeled CHAR-
ACTER SELECTION CENTERING and CHARACTER
AMPLITUDE, are used to adjust the voltages to the
individual SD CRT characteristics.

In a quiescent condition (no signal input from the
SDGE), the input voltage and the voltage at each of
the selection plates is nominally -45V. The CHARAC-
TER CENTERING potentiometers are adjusted, in
practice, until the electron beam is centered on the
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matrix. The center position is indicated when a corner
of each of the four centrally located characters appears
on the viewing screen.

Character selection is a function of two pairs of
voltages, one for horizontal and one for vertical selec-
tion. The pairs are fed push-pull to the horizontal and
vertical character selection plates where they deflect the
electron beam to the desired point on the matrix.

A potential of approximately 50V between plates
(+25V fed to one plate and —25V fed to the other)
is required for full horizontal selection. The actual volt-
ages on the plates in this instance are 70V and {20V
(4-45V plus 25V on one plate; 45V minus 25V on the
other). Intermediate deflections are linear with a nom-
inal 14.5V difference in potential being required to de-
flect the electron beam horizontally for one character
space.

Similarly, an approximate 90V potential between
plates is required for full vertical selection. The actual
voltages on these plates are, for full deflection, 4-90V
(445V and 4-45V) and OV (4+45V and —45V). In-
termediate vertical deflections are also linear and require
nominal 25V differences in potential to deflect the elec-
tron beam vertically for one character space.

2.3.2 Character Compensation

The electron beam must be recentered in order to
compensate for the off-centering caused by character se-
lection. This is done by feeding in character-spacing an-
alog voltages and character compensation analog volt-
ages from the SDGE. (The compensating voltages are
opposite in phase to the character selection voltages.)
The compensation voltages are fed to the compensa-
tion plates through potentiometers in the high voltage
unit which are similar to the CHARACTER SELEC-
TION potentiometers. These are labeled CHARAC-
TER COMPENSATION AMPLITUDE and CHARAC-
TER COMPENSATION CENTERING and are used to
adjust the compensation voltages so that, with no char-
acter-positioning signals, the character appears on the
center of the SD CRT.

2.3.3 SDIS Selection

The SDIS selection is the method used to channel
the assigned messages to a specific console. A greater
quantity of messages is processed and transmitted to the
Display System than can readily be shown on every
console CRT. Therefore, a selection method is necessary.
The various consoles are assigned definite tactical duties
so that a need exists only for certain messages for each
console. These messages are placed in separate cate-
gories and assigned one or more DAB’s that establish
the category to be displayed on a particular console.

2.3.4 CAT and DAB Switches
Each SD console has 15 lever switches that are
used for CAT and DAB control. They are referred to
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as the CAT switches and are located in a single column to
the left of the SD CRT (fig. 4—14). All the CAT switches
have three positions: left, center, and right. The center
position is OFF. For TD categories, the left position is
generally connected to FEATURE SELECTION group
I and the right to group II. Provision has been made on
the console for inserting a label with the name of the
assignment along the side of each CAT switch, The in-
puts assigned to these switches are TD categories and
supplementary drivers. Some of the latter signals may be
DAB’s that are used for display selection rather than
forced display.

2.3.5 RD CAT Switches

The switches used for radar data also have three
positions: ON, OFF, and ON. Recent radar data is dis-
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played by both of the ON positions as a bright sym-
bol. Past or history radar data is displayed dimly.
Double-pole, double-throw switches are provided for
three of the CAT switches. If no RD categories are as-
signed to a particular console, these switches can be used
for the TD categories and supplementary drivers.

2.3.6 Feature Selection Switches

There are eight feature selection switches of the
lever type located above the 15 category switches (fig.
4—14). The feature selection switches are located
in two groups of four each. Each switch has two posi-
tions, labeled ON and OFF. The feature switches can
control combinations of the five features: A, B, C, D,
and E. There is an associated BRIGHT-DIM switch lo-
cated above both feature selection switch groups, caus-
ing all categories in each group to be displayed at the
bright or dim level of CRT intensification. There is no
off position for the BRIGHT-DIM switches.

2.3.7 Interaction of Feature and CAT Switches

The CAT switches are the primary message-select-
ing device available to the operator. Each message has
been placed in a category by the Central Computer Sys-
tem so that-the operator may select the messages in all
categories available to him. In addition, TD tabular
track messages consist of features that can be selected.
The operator need observe only those features of TD
tabular track messages which are necessary for his tacti-
cal duties. His feature requirements, however, will not
be the same for all messages. He will wish, for example,
to see the A, C, and D features of some categories of mes-
sages while desiring to see the A, C, D, and E features
of other categories. This is made possible by providing
two independent sets of feature selection switches,
groups I and II. All CAT switches, for example, that con-
trol categories for which the A, C, and D features are
desired can be set to one of the feature selection groups,
while the remainder are set to the other feature selec-
tion group. For further differentiation in display, one of
the groups can be displayed with dim illumination and
the other with bright intensification.

2.3.8 Cafegory Control Panel

It bas been established in the preceding para-
graphs that each SD console is located at a different
tactical station and that each has its own specific cate-
gory and feature assignments. In order to provide a
flexible means for connecting the switches to the nec-
essary signal lines, a control panel (plugboard) has been
provided at the top of each console underneath the ac-
cess door. When this control panel has been properly
patched in, the console acquires the unique signal-
bandling properties that distinguish it from the other
consoles in the Display System. This method also makes it
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Figure 4—18. Category Control Panel (Plugboard), Schematic Diagram

relatively easy to change the switch assignments of a
particular console, should the need arise.

The category control panel is shown in figure
4—17. The schematic of the control panel is shown in
figure 4—18 and the logic is discussed in 4.2.1. All the
jacks shown on figure 4—17 are grouped into eight sep-
arate areas. With the exception of the group of spares,
all areas are labeled. Each individual jack is identified

by a number and a letter which do not appear on the
actual control panel. In figure 4—17 there are nine col-
umns, starting with column 1 on the right side. The
rows of jacks are identified by letters, starting with A
for the first row at the top.

2.3.8.1 CATIN
There are 27 jacks under the CAT IN label, corre-
sponding to the 27 CAT and DAB lines available at
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each console. They are located in columns 4, 5, and 6.
Some consoles will not have all 27 lines assigned to
them; the maximum number (27) will appear only on
those consoles with a full complement of lines.

The category gates that appear at each of these jacks
have already passed the diode board (E21). A list of
CAT and DAB assignments will accompany each console
so that the categories can be wired to the jacks under
the CAT SW label.

2.3.8.2 CAT SW

The two fixed contacts of each CAT switch are
connected to jacks marked a and c in columns 9 and 7,
respectively. The movable contact is connected to jack
b in column 8. Six jacks, arranged in two rows of three
jacks each, are provided for each of the double-pole
CAT switches (S2, S4, and S5). These rows are labeled
2A, 2B, 4A, 4B, 5A, and 5B; the A’s and B’s designate
the two poles of the associated CAT switches.

2.3.8.3 DIODE

Columns 2 and 3 contain jacks for 16 diodes that
are located on diode board E21. These diodes are not
employed as input diodes but are utilized as isolation
diodes when patching the plugboard for the particular
CAT and DAB assignments of the associated SD console.

2.3.8.4 EXPD

These jacks (column 1) are connected to con-
tacts on four of the sections of the EXPANSION switch.
In each group of four jacks, the A jack is connected to
an arm of the EXPANSION switch, while the B, C, and
D jacks go to the three fixed contacts (CNTD, NORM,
and EXPD, respectively) of that section.

The expansion levels of the three positions of the
EXPANSION switch are determined by the wiring of
the expansion switches located in the rear of the con-
sole.

2.3.8.5 FEATIN

Five of the FEAT IN jacks receive the feature gates
from the signal relay contacts. The sixth jack is connected
to the point feature gate (jack U2); if the particular
console has a light gun assigned to it, U2 is jumped to
U1, thereby connecting the point feature to the inten-
sification circuits. Jack U3 is connected to the spare fea-
ture line.

2.3.8.6 FEAT SW

The eight jacks in this group are used for con-
necting the features at the input to the plugboard to the
feature switches located on the front panel of the con-
sole.

2.3.8.7 Ovutput Jacks

The jacks at the bottom of the control panel are
the four main outputs of the plugboards. These are the
intensity lines: bright, dim, FSS I, and FSS II. The re-
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maining (unlabeled) jacks are for convenience in patch-
ing.

2.3.9 Intensity Levels

There are two different levels of illumination for
messages appearing on the viewing screen of the SD
CRT: dim and bright. Some messages will always ap-
pear dimly illuminated and some will be rélatively
bright. The remainder can be made dim or bright, ac-
cording to the needs of the operator. In general, two
types of messages will always appear at the bright level
of intensification: present radar and TD CAT 2 mes-
sages.

All other messages will be placed in one of two
groups: FSS I or FSS II. The intensity level of these
two groups will be determined by the setting of the cor-
responding BRIGHT-DIM switches on the front panel.

The forced CAT and DAB signals will always be
connected to the FSS I group and, therefore will always
have the same level of intensification as messages placed
in the group.

2.3.10 Patching Procedure .

Figure 4—19 is a typical CAT/DAB plugboard
wiring diagram for an SD console and illustrates the
patching procedure. The CAT and DAB assignments ap-
pear on the lines feeding diode board E21. Only 18 of
the 27 available input lines to the plugboard are utilized.
The outputs of the diode board are wired to the CAT
IN jacks of the plugboard. The purpose of the patch-
ing procedure is to channel these inputs through the
EXPANSION and CATEGORY switches onto one of
the four intensification lines (bright, dim, FSS 1, and FSS
II). Jumpers with 2, 3, 4, and 5 heads are available for
patching the plugboard as directed in the wiring dia-
gram.

The inputs to CAT IN jacks, F, U, and T (T, D ge-
ography categories), are assigned to CAT switch S15.
However, inputs F and U are functions of expansion
and are therefore patched to contacts 1b and 1c of sec-
tion 1 of the EXPANSION switch, before feeding S15.
The expansion levels for the three positions of the expan-
sion switch are noted at the bottom of the wiring dia-
gram. Input T is independent of the expansion levels
and is patched directly to S15. Similarly, input J is
patched directly to S14. The outputs of CAT switches S14
and S15 are connected to the dim output line through
isolation diode 1.

The inputs at CAT IN jacks, Y, Z, W, X, H, R, G,
and S are individually patched directly to CAT switches
$13 through S6, respectively. (S9 is not utilized.) The
outputs of these switches in the FSS I position (contact a)
are fed to the FSS I output line by means of isolation
diodes 2, 4, 5, and 8. In a similar manner, the outputs of
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each of the FSS II positions (contact c) are applied to
the FSS II output line through isolation diodes 3, 6, 7,
and 9.

The inputs at jacks B, C, A, and C (radar cate-

gories) are patched to CAT switches S4 through S1, re-,

spectively. The CAT switches S4 and S2 are double-
pole switches; the outputs of one pole (section B of
these switches) are connected to the dim output line
by means of diode 10. The outputs of CAT switch 83
and section A of S4 are fed to diode 11; S1 and section
A of S2 are connected to diode 12. The outputs of
diodes 11 and 12 are applied to the bright output line.

DAB 51 (CAT IN jack V) is a forced display
and is patched to the FSS I output line through diode 5.
The CAT 2 (all categories) is also a forced display and is
connected to the bright line.

The patching information for the feature assign-
ments is not included in the CAT/DAB plugboard wir-
ing diagram. The necessary information is provided
with each console; i.e.,, FEAT IN A is patched to FEAT
SW 21; B, to 15; C, to 17 and 22; D, to 18 and 23; and
E, to 19 and 24, for the typical plugboard used in this
discussion.

In this manner, all SD selection signals have been
placed on one of the four lines which goto the intensi-
fication circuits. All CAT and DAB signals which have
been routed to the dim line will produce dim intensifi-
cation for the messages they control; this also holds true
for the signals on the bright line. In addition, category
switches that are turned to FSS I will receive the inten-
sification determined by the setting of the FSS I
BRIGHT-DIM switch. The same is true for FSS II.
However, an exception occurs in the case of RD and
geography TD categories whose  brightness is inde-
pendent of the feature switches.

2.4 INTENSIFICATION

The position and character information for all SD
messages in the Display System are sent to all SD con-
soles. The messages which will appear on the SD CRT
are those for which an intensity gate has been applied
to the grid of the CRT. The application of the intensity
gate to the CRT is dependent upon a number of factors,
all of which enter into the operational variations of the
intensification circuits. Paragraph 2.2.4 of this chapter
covers certain of these requirements. For example, a
message must be in an assigned and selected category if
it is to be displayed. Of, the message can be in one of
the assigned and forced categories. It may also contain
an assigned and selected or forced DAB. Any one of
these cases could satisfy one of the requirements for
message intensification; that is, message selection. An-
other factor is the geographical location or object rep-
resented by the message. Different consoles are as-
signed " different segments of the overall area covered
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by the Direction Central. Consoles assigned the X1 ex-
pansion, however, can view the entire area covered by
the Direction Central.

The settings of the EXPANSION switch and
OFF-CENTERING buttons also determine the particu-
lar geographical area being observed. Thus, for a mes-
sage to be intensified, it must correspond geographically
with the area being observed on the SD CRT at the time
the message arrives at the console. In addition, there
must also be a coincidence of feature and category gates
for the message to be seen. In the case of a TD tabular
track message, at least one of the feature switches must
pass a feature gate; otherwise, the point and/or vector
will have no associated characters. For TD tabular in-
formation messages and TD vector messages, a bypass

. feature gate is always present.

The intensify circuits petform several other im-
portant functions which will be described in the sub-
sequent paragraphs.

2.4.1 Intensification Unit 1

This unit is illustrated in figure 4—20 and discussed
in logic 4.2.3. Reference to this figure will show that the
feature gates are applied to OR 1 and OR 2, the lines
from FS II switches going to OR 2. The bypass feature
gate goes to both OR circuits along with a gate that is
present when the point feature is to be displayed. Either
OR circuit will produce an output gate when a feature
gate occurs at its input. In this way, AND circuits 1
and 2 are conditioned. The other signals entering the
AND circuits are the FSS 1 and FSS 2 category lines
from the category control panel (via the test switch).

If there are any gates on either of the category lines,
the corresponding AND circuit (if it has been condi-
tioned by a feature gate) will permit the gate to pass,
signifying that the message is in one of the assigned and
selected CAT’s (or DAB’s) and that it contains one or
more features that require display. Note that the feature
gate occurs only during the time of display of the par-
ticular feature concerned, so that the output of AND 1
or AND 2 is not always a .continuous gate but can be a
series of gates that occur during the display times of the
individual features. In the case of a vector message, the
bypass feature gate will last for the display of the entire
message.

The output of the two AND circuits goes to
S$20 and S25, the BRIGHT-DIM switches. These two
switches feed into the remaining four diodes of the E21
diode board. The latter are connected to the bright and
dim lines, as shown. Thus, the four intensify lines are
now reduced to two, a bright line and a dim line, on
which appear all assigned category gates. These two
lines are inputs for intensification unit 2 where the in-
tensity gate for the SD CRT grid is produced.
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Figure 4—20. Intensification Unit 1

Contained in intensification unit 1 is a variable
gate amplifier (VGA) model B to which is applied
the defocus gate. The VGA provides a positive gate, at
its output, which is fed to anode 1 of the SD CRT via
the high-voltage unit. This gate occuts at the time a
character or symbol is selected from the SD CRT matrix
by the character selection voltages. As a result, the elec-
tron beam is defocused so that it spreads out and com-
pletely covers the entire area occupied by the character,

thus providing a beam wide enough for extrusion
through the character cutout.

In addition, intensification unit 1 contains a model
A convergence current regulator which supplies the con-
vergence coil of the SD CRT with a regulated current.
The regulator enables the selected character to be in
sharp focus, compensating for variations in the accelerat-
ing high-voltage.
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2.4.2 Intensification Unit 2

Intensification unit 2 (fig. 4—21) receives all the
information governing the actual intensification of
the SD CRT. The sequence of AND circuits, consisting
of AND’s 6 through 9, determines when the intensity
gate from the SDGE (which accompanies every charac-
ter, symbol, vector, and point) will be passed through
the AND circuits to the grid of the SD CRT via the var-
iable gate amplifier.
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DIM BRIGHT
VECT VECT
INTENSITY INTENSITY
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The functioning of AND 5 is dependent on mes-
sage position, which is discussed in the next paragraph.
For the present, it is sufficient to know that if a particu-
lar message falls within the geographical area being ob-
served on the SD CRT, AND 5 will be conditioned by
one of the two OR circuits so that the intensity gate will
be passed through to AND’s 6 through 9. The other
input to these AND circuits comprises the dim and
bright signals. The dim signal is applied to AND’s 8
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Figure 4—21. Intensification Unit 2
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and 9, and the bright signal to AND’s 6 and 7. Thus,
the combination of signals necessary to completely con-
dition any of these AND circuits then is as follows:

AND 6 — Focus, bright, intensity .,
AND 7 — Defocus, bright, intensity.
AND 8 — Focus, dim, intensity,,
AND 9 — Defocus, dim, intensity

Notice that the intensity gate is required for the
conditioning of ‘all AND circuits.

AND’s 6 and 8 require a focus signal, which means
that they will be conditioned only during the display
of a point or vector (a swept point), because all charac-
ters and symbols require a defocused electron beam and
are accompanied by a defocus gate. AND 6 will be con-
ditioned when the category signal of the particular
message occurs on the bright intensification line, and
thus controls the intensification of dim points and vec-
tors.

. AND’s 7 and 9 require a defocus signal for con-
ditioning, which means they will be conditioned only
for characters and symbols. AND 7 governs bright char-
acter display. AND 9 controls dim character display.
The outputs of the four AND circuits are fed to the
model AVGA which produces the positive intensity
gate that is fed to the SD CRT grid.

The bright intensity line, in addition to condition-
ing gates 6 and 7, goes to an inverter, model A, the
output of which conditions an AND circuit in the dim
intensity line. The purpose of this arrangement is to
avoid the simultaneous dim and bright intensification
of the same point, symbol or character, which would
result in an extremely bright display. This can occur
when a message arriving at the console is both force-
displayed (FSS I intensify line) and is selected for dis-
play on the FSS II line. When there is no bright signal
present at its input, the inverter produces a condition-
ing voltage at its output so that the dim signal will pass
into the AND circuits. When a bright signal is present,
the inverter produces a negative voltage, at its output,
which prevents the passage of any signals that may be
present on the dim intensify line.

The VGA is a multichannel amplifier that produces
a positive gate at its output when it receives a signal at
any one of its four inputs. Each channel has a separate
gain control so that the output gate can be set up for
bright or dim intensification of the SD CRT, according
to the function of the particular channel.

The reason that the bright and dim point channels
are kept separate from the bright and dim character and
symbol channels is that the point is generated by a fo-
cused beam; whereas the symbol or character is gener-
ated by a defocused beam. If both received the same in-
* tensification gate level, the point would seem brighter.
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Therefore, the point is assigned to two of the foir input
channels of the VGA. The gain of these channels is
adjusted to a somewhat lower point than the gain for
the character channels, and an even intensification of all
points and characters (dim or bright) is secured.

The remaining two inputs to the VGA are the dim-
vector-intensity and bright-vector-intensity lines which
originate from a common vector-intensity-control signal
that is applied to potentiometers R7 and R8. This is a
compensation signal applied to the intensity circuits in
order to maintain an even intensification level for all
vectors of all lengths.

The duration of the waveform which sweeps the
point to produce the vector is 50 usec long. Therefore,/
each vector is intensified for a period of 50 psec, re-
gardless of the physical length of the vector. Thus,
short vectors would appear brighter than long vectoss.
To compensate for this effect, an analog signal is sent
to the VGA at the time of the display of all vectors so
that the gain of the particular channel through which
the intensity gate for the vector passes is altered to en-
sure even intensification of all vectors. For long vec-
tors, the gain js increased; for short vectors, it is de-
creased. .

2.5 MESSAGE-POSITIONING

A total of 26 bits is brought to the console for
message-positioning, 13 for X and 13 for Y. These bits
come from storage flip-flops in the registers of the
SDGE. In the case of the first four bits in each group’
of 13 (LS-L3 and RS-R3), both outputs of the flip-flops
are brought into the console. That is, both the 0 and
1 sides of eight of the register flip-flops are connected
to the console circuits. Of the remaining message-
positioning flip-flops, only the 1 side output is brought
to the console.

All the positioning bits are sent to the expansion
and off-centering relays, where they are channeled to
the 10-bit binary decoder, and to the intensification cir-
cuits as required for the particular expansion, and/or
off-centering. The 10 bits which are sent to each half
(X and Y) of the decoder, in each case, determine the
message position on the face of the SD CRT.

The binary address scheme used in the AN/
FSQ-7 & -8 is shown in figure 4—22. This diagram repre-
sents the complete area assigned to a Direction Central
and a Control Central. The representation can be
thought of as an X1 display with a set of axes superim-
posed on it. The center of the co-ordinate axes (origin)

>@_ identified by the binary address of all 0’s (only the

X-axis is shown) and, therefore, conforms to the normal
co-ordinate system in which the origin is identified as
the zero point of both axes. This is done so that the
Central Computer can treat the positioning of messages
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by conventional computer methods. The need for de-
scribing the center of the X1 display as having ar ad-
dress of “all 0’s, however, results in a complication of
console circuits which will become evident in the fol-
lowing analysis.

Sending a 1 bit to the binary decoder increases its
analog output and causes deflection toward the right.
A 0 bit at one of the decoder inputs reduces the de-
coder analog output and, therefore, tends to cause de-
flection to the left. An all-1-bit input produces maximum
analog output voltage; an all-0-input produces mini-
mum analog output voltage. A message address to all
0’s, then, instead of producing deflection to the center
of the tube, positions the message at the extreme left
side. In this case, in order to ensure that a message ends
up at the desired position on the viewing screen, the bit,
entering the decoder as the most significant bit (LS),
must be reversed. Instead of a 0 (—30V), a 1 (10V)
must be applied. Since both the 1 and 0 outputs of the
LS bit register flip-flops are available in the console, this
application of the 1 (+10V) can be done by switching
via relay contacts. In the case of X2, X4, and X8 dis-
plays, a similar switching of the most significant bit may
occur, but for a different reason.

To summarize, bits LS through L9, used for posi-
tioning a message on the X1 display, will all be 0 for a
message that is located at the center of the tube. Bit LS,
the sign bit, is still spoken of as a 0 bit, although the
complement (1) has actually been sent to the decoder.
If any of the magnitude bits are changed to 1, the de-
coder output will increase and deflection will be to the
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right. Thus, as long as the sign bit is a 0, the message
will be located on the right half of the viewing screen.
If the sign bit were at 1, a 0 would be sent to the de-
coder as the most significant bit. If all the remaining
bits were also 0, the message would be positioned to
the extreme left side of the tube, point A in figure 4—22.
If any of the magnitude bits were then changed to 1’s,
the message would be deflected to the right but would
never be deflected beyond the center of the tube. The
LS bit, when a 1, signifies that the message will be on the
left side of the tube.

The fact that message-positioning can never occur
on the right side of X1 display (once the sign bit is 1)
is explained by the relative significance of the bits and
the corresponding weighting which the bits receive in
the binary decoder. Each bit is half as significant as the
previous bit in a message-positioning address; that is,
each bit exerts one-half the effect on the message po-
sition that the previous bit did. The sign bit, we have
seen, can exert the maximum influence on the message
position, since it can select that half of “the tube to
which the message will be deflected. The next bit is
weighted only half as much in the binary decoder so
that the net change in decoder analog output voltage
for the second bit is only half that obtained by the sign
bit. Therefore, the L1 bit can cause deflection over
one quarter of the viewing screen. It can be seen then
that, if the message address describing point A in figure
4—22 is altered so that L1 is a 1, the message will be
deflected to the right across one-quarter of the viewing
screen to point B. Bit L2 is weighted half this much so
that, if L2 is changed to a 1 bit, the message will be
deflected across an additional one-eighth of the view-
ing screen to point C. Changing each of the remaining
magnitude bits to 1 will move the message to the right,
but by smaller and smaller decrements. The limit of the
geometric series thus produced is the center of the view-
ing screen.

Note that the significance of each bit is independent
of the stage of each previous bit. In the example given
above, for instance, assume that the address describing
point A is altered so that bit L2 is changed to a 1 but bit
L1 is left at 0. Then the message will move across 15
of the tube to point D. If L3-L9 are then changed to 1,
the message will approach point B as a limit, rather
than the center of the viewing screen. It will never,
however, reach point B. When L3-L9 are all 1’s, the
message will be to the left of point B by the amount of
the least significant digit, or will assume a position
approximately several thousandths of an inch from
point B. ‘

In general, each point on the tube has two of the
approximate addresses. The reason for this becomes ap-
parent when the relative significance of the bits is con-
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sidered. Since each bit is half as significant as the previ-
ous bit, the significance of any one bit is slightly greater
than that of all subsequent bits, taken together. (A
simple addition of fractions will verify this.) Thus, it
is apparent that binary addresses 1100000000 and
1011111111 are approximately equivalent, differing only
by the distance determined for the last digit.

An address of all 0’s is considered to be the center
of the tube, as shown in figure 4—22. Actually, this
address produces deflection to a point slightly to the
left of center of the screen. An address of all 1’s
describes a point slightly to the right of the geometrical
center of the screen. The differences between the ad-
dresses are minute and are significant only in that the
all-0 address will appear in an expansion of the left half
of the screen, while the all-1 address will appear in an
expansion of the right half of the viewing screen.

2.6 ROTARY SWITCH AND PLUGBOARD

CONTROL

Fach console, as a rule, will have different tactical
requirements that necessitate specific expansion and off-
centering. To enable each console to be patched (or
switch-connected) to the various circuits providing these
voltage gradients, a control panel is provided for each
console. This panel may contain a rotary switch or a
plugboard (some of the older consoles may still have
plugboards), as an interconnection device.

Both the rotary switch and the plugboard are dis-
cussed here. To ensure sufficient coverage for each type,
some overlapping or repetition may occur in describing
each method. For example, ‘the PRRE has always made
use of rotary switches, and their description in Part 5,
Chapter 2, was thought necéssary (although somewhat
analogous to that given here) to eliminate excessive
cross-referencing.

2.6.1 Expansion and Off-Centering Rotary
Switches
At any one time, the SD console can have, at the
most, three different levels of expansion assigned to it.
These three levels correspond to the three positions of
the EXPANSION switch. In addition, if CNTD is X1
and NORM is X2, or if CNTD is X2 and NORM X4, the

automatic off-centering that occurs when switching from

CNTD to NORM can, at any one time, select only one
of a possible nine different areas; if CNTD is X1 and
NORM X4, there are 49 different area selections.

In order to simplify the changing of these assign-
ments, a set of four rotary switches (shown in fig.

4—23) is provided at the rear of the console. The .

switches perform the following functions in the
indicated areas:

S71-CONTRACT AREA: Perform expansion level

and off-centering area assignments for CNTD
position.
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§72-SCALE: Perform expansion level assignments
for NORM and EXPD positions.

$73-NORMAL AREA X: Perform X axis off-center-
ing assignments in NORM position.

S74-NORMAL AREA Y: Perform Y axis off-centet-
ing assignments in NORM position.

A schematic of the circuits involved is shown in
figure 4—24, foldout. The switches are connected to act-
uate the relays located at the top of the illustration. The
relays consist of two groups: the expansion level relays
at the upper right and the off-centering relays at the
upper left. All of the relays are identified by a K number
on the illustration, as well as an arbitrarily assigned let-
ter designation. The latter will be used in the following
subparagraphs. The expansion relays consist of Ex, Ey,
Fx, Fy, Gx, Gy. Operation of relay Ex, for instance,
means that both K58 and K59 are energized. In the case
of the expansion relays, both x and y axis relays operate
simultaneously in order that both axes display the same
expansion level. The off-centering relays are referred to
as Ax-through Dx and Ay through Dy.

Figure 4—24 does not show the expansion relay
contacts; it shows only the coils and circuitry which
provide the energizing voltages. Later, it will be shown
how operation of these relays produces the various ex-
pansion levels and off-centering selections. For the pres-
ent, it is sufficient to know that relays Ex and Ey must
be energized to produce an X1 display; Gx and Gy to
obtain X4; and both the F and G relays to obtain X8.
Expansion level X2 is obtained with all expansion re-
lays de-energized.

The various off-centering selections are obtained by
energizing the A, B, C, and D relays in various combi-
nations. Figure 4—25 shows how the X1 display is
divided into 15 ovetlapping segments in each axis.
These basic segments are numbered 1-15. For X2 expan-
sion, each axis is divided into 3 segments, as shown for
the X axis. The first section includes segments 1-7, the
second 5-11 and the third 9-15. The y axis is divided in
the same manner. The result of this division is to pro-
vide the nine overlapping areas, any of which will fill
the entire usable portion of the SD CRT in expansion
level X2,

For X4 expansion, the X1 display has been divided
into seven sections along each axis; this is also shown in
figure 4—25 for the x axis.” Each section consists of
three of the basic segments with 50 percent overlap be-
tween each set of three. There are thus 49 divisions of
the X1 display, any one of which will fill the SD CRT
face in X4 expansion. In expansion level X8, one of the
basic segments of the X1 display is expanded to fill the
SD CRT face; there are, therefore, 225 possible X8
expansion segments. '
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Fig. 4-23

2.6.1.1 Contracted Expansion Level and
Area Assignment

CONTRACT AREA switch (S71) is used for setting
the expansion level and off-centering for the CNTD
position of the EXPANSION switch. As shown in figure
4—24, this switch has three sections: A, B, and C. The
arms of all three sections are connected to ground
through a contact of the EXPANSION switch, when
the latter is in the CNTD position. Since one terminal
of all the relay coils is connected to a —48V source, the
other terminal need only be connected to ground to
energize the relay. The three sections of S71 can only
supply this ground when the EXPANSION switch is
in the CNTD position.
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Terminal 12 (position 1-15) of section C is con-
nected to the E relays so that the Ex and Ey relays
operate in the energized position and thus obtain an X1
display. There are no connections made to sections A
and B in this position. Relays A-D are not energized,
and, hence, there is no off-centering selection. This is to
be expected since the X1 display is the frame of ref-
erence or unexpanded display. In positions 3 through
11, the E relays are not energized. The F and G relays
are also not energized, and, hence, an X2 expansion is
obtained. Each of these positions, in addition to select-
ing an X2 display, selects a different combination of
segments in the x and y axes. »

CONTRACT AREA

SCALE

EXPAND

S7I ——S72
x’—NORMAL AREA ¥y
13-15 I-15 13-15 115
1n-13 e 1-7 1"-13 1-7
§73 s74
a1 (4 101 511 9-11 e 5-1)
5 9
7-9 6 ., 8//9%s 7-9 : 9-15
57 L. 3 57 L. I3

NOTE:
THE SWITCH POSITION NUMERAIS HAVE

BEEN MADE TO CORRESPOND TO THE SCHEMATIC

Figure 4—23. Expansion and Off-Centering Rotary Switches
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Reference to table 4—1 shows that all three possible
segment selections (1-7, 5-11, 9-15) require that relays
C and D be energized for both x and y. This is ac-
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. Division of X1 Display

Normal and Expanded Selections
26.1.1-2.6.1.2

complished by terminals 3-11 of section C. Sections A
and B are used to energize the A and B relays, depend-
ing upon which segment is selected. For example, ter-
minal 3 (position 9-15 in X and position 9-15 in Y) of
section A energizes relay Ay; and, similarly, section B
energizes relay Ax. The operation of relays A, B, and C
selects, according to table 4—1, segments 9-15. In this
case, segments are selected in each axis.

2.6.1.2 Normal and Expanded Expansion
Level Selections

The SCALE switch (S872), a 6-pole rotary switch,
selects the expansion level for the NORM and EXPD
positions of the EXPANSION switch (S28) by provid-
ing ground returns for the expansion relays through
EXPANSION switch (S28) for section A in the NORM
position, and for sections B and D in the EXPD posi-
tion. Ground returns for the off-centering relays are
provided through section C and through $28 in the
NORM position. Sections E and F provide ground re-
turns for off-centering relays Dx and Dy through $28
in the EXPD position.

As an example of how the switch functions, assume
that S28 is in the NORM position and that S72 is at
terminal 12 (NORMAL X1, EXPAND X2). Of the six
switch sections, only A, E, and F will be in the circuit
at this time. The arm of section A will receive a ground
through S28 and will apply it to the E relays. Since
sections E and F receive a ground through the EXPD
position of $28, they are ineffective now. Thus, the
switch has only accomplished the operation of the E
relays and produced an X1 expansion level. If the
EXPANSION switch (S28) is now turned.to the EXPD

TABLE 4--1. CONTRACT AREA SWITCH (S71), OFF-CENTERING
ASSIGNMENTS VERSUS RELAY OPERATION

SWITCH POSITION TERMINAL RELAYS OPERATED

X Y See figs. 4—23 and 424 X Y

— 1-15 12 — -
1-7 1-7 11 CD CD
1-7 5—11 10 CD. BCD
1-7 9—15 9 CD ACD
5—11 1-7 8 BCD CD
5—11 5—11 7 BCD BCD
5—11 9—-15 6 BCD ACD
9—-15 1-7 5 ACD CD
9—-15 5—11 4 ACD BCD
9—-15 9—-15 3 ACD ACD
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position without turning 872, relays E will no longer
operate. None of the expansion relays will now operate
since terminal 12 of sections B and D is not wired,
thereby producing an X2 expansion level. Sections E
and F will operate the D relays since these relays are
always energized in X2 and X4 expansions. Table 4—2
lists the expansion levels selected by the S72 for both
NORM and EXPD.

2.6.1.3 Normal Area Off-Centering Selections

Sections E and F of the NORMAL AREA X and Y
switches (S73 and S74) perform the function of off-
centering area selection in the NORM position of S28.
The arms of sections E and F and the Dx and Dy relays
are returned to ground through terminals 6-10 (X2 and
X4 expansion levels) of section C of §72 and the NORM
position of S28, thus making operative combinations of
the off-centering relays. Table 4—3 lists the selections
made by switches $73 and S74 for NORM operation.

As shown in table 4—3, no relays are operated in
position 1-15 (terminal 12) of switches §73 and S72,
and, hence, no area selection occurs. In the other 10
positions of switches §72 and ‘S73, reference to table
4—3 shows the NORMAL expansion level used with
each position and the off-centering relays energized in
each position.

2.6.1.4 Expanded Area Off-Centering
Selections

Since the area that will be selected in the EXPD
position of S28 will be a portion of the area selected in
the NORM position, there is some necessary relation
between NORM and EXPD. Sections A, B, C, and D of
the NORMAL AREA X and Y switches (573 and S74)
perform this function. A similiar relationship between
NORM and CNTD is not required since AN/FSQ-7
programming does not require that the NORM display
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necessarily be part of the CNTD display. (This, of
course, is in cases where the CNTD off-center area dis-
played is on the X2 level of expansion.)

Off-centering selection for expanded operation is
accomplished by the console operator by depressing one
X axis and one Y axis pushbutton. One contact of each
of the pushbuttons is grounded through the EXPD
position of EXPANSION switch (S28), and one or
more of the other contacts ate wired through sections
A, B, C, and D of switches S73 and S74 to the off-center-
ing relays. As an example of operation, assume push-
button Y4 (see fig. 4—24) is depressed and that S74 is
on terminal 11. (This means the normal display was an
X2 expansion level showing segments 1-7.) Assume also
that an X8 expansion level is selected on the EXPAND
scale of S72 (terminal 8). Since one contact of each
pushbutton is grounded, depressing button Y4 grounds
three leads. The first of these goes to §74, B12, and C11.
Since S74 is on terminal 11, grounding of B12 is in-
effective, but C11 provides a ground for relay Cy which
is therefore energized. The second of the three leads
goes to S74, B4, B10, C3, C5, and C7 and is therefore
ineffective. Operation of pushbutton Y4 has therefore
energized relays Cy and Dy. Reference to table 4—4
indicates that segment 4 is selected for display.

A comparison of table 4—4 with figure 4—24 indi-
cates that the switches are wired so that each of the
pushbuttons selects one of the segments that was dis-
played in the NORM position.

2.6.1.5 Incorrect Combinations

There are many ways to set up the expansion and
off-centering switches incorrectly. For instance, seven
pushbuttons are required for off-centering selection
when NORM is X2 and EXPD is X8. This number is

TABLE 4—2. SCALE SWITCH ($72), EXPANSION LEVEL SELECTIONS

SWITCH POSITION TERMINAL RELAYS OPERATED
NORMAL EXPAND  (See figs. 4—23 & 4-24) NORM " EXPD
X1 ‘ X2 12 E -
X1 X4 11 E ' G
X2 X2 10 — —
X2 X4 9 - G
X2 X8 8 - F &G
X4 X4 7 G G
X4 X8 6 G- F&G.
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TABLE 4-3. NORMAL AREA X AND Y SWITCHES (573 AND S74),

OFF-CENTERING ASSIGNMENTS VERSUS RELAY OPERATION
- SWITCH EXPANSION TERMINAL RELAYS
POSITION LEVEL (572) (See figs. 4—23 and 4—24) OPERATED
1-15 : X1 12 -
1~7 X2 11 CD

5—11 X2 10 BCD
9—15 ‘ X2 9 ACD
1-3 X4 8 D
3-5 X4 7 CD
5—7 X4 6 BD
-9 X4 5 BCD
9-11 X4 4 AD
11-13 X4 3 ACD
13—15 X4 2

ABD

necessary because each X2 display encompasses seven
segments (1-7, 5-11, 9-15). Since only one segment is
displayed in X8, there must be a choice provided for
each of the seven. If NORM is X4, only three segments
are displayed (1-3, 3-5, 5-7, etc.), and, hence, if EXPD
were X8, only three pushbuttons (2, 4, 6) are required.
In this case, under normal circumstances, four of the
pushbuttons are masked off. There exists the possibility,
however, that the SD console is assigned X2 in NORM
and X8 in EXPD (requiring seven pushbuttons), and,
yet, SCALE switch (872) is mis-set to select X4 (terminal
6 instead of terminal 8) for the NORM display. The
four unneeded pushbuttons are now uamasked and can

be used to select meaningless combinations of relay -

operation by the console operator. There are a number
of other ways in which meaningless relay combinations
can be obtained, so great care on the part of the
technician is required when he changes the expansion
and off-centering requirements of the console. One rule
that can be followed is that seven buttons are required
if the EXPD level is four times the NORM level (X4
and X1, or X8 and X2). If the EXPD level is only twice
the NORM level (X2 and X1, X4 and X2, or X8 and
X4), only three pushbuttons are required.

2.6.2 Plugboard

The. plugboard (or control panel) is shown in
figure 4—26, and its associated circuits are shown in
figure 4—27, foldout, and are discussed in logic 4.2.2.
It has been divided into three sections, as shown for
ease of understanding. This division does not correspond
to the actual physical layout of the plugboard.

TABLE 4—4. OFF-CENTERING ASSIGNMENTS
VERSUS RELAY OPERATION, X8 EXPANSION

SEGMENT SELECTION RELAYS OPERATED

1 —-

2 D

3 C

4 CD

5 B

6 BD

7 BC

8 BCD

9 A
10 7 AD
11 AC
i2 ACD
13 AB
14 ABD

15 ABC

Connections are made in the control panel by the
insertion of bottle plugs. The bottle plug is a 2-pronged
plug which fits into two adjacent jacks on the board, For
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ease of illustration, the two jacks which receive the
bottle plug are shown on the diagram as one jack (an
open circle). The two lines which intersect at each jack
are not connected to each other until a plug is inserted.
Without the plug, both lines bypass the jacks. For
example in the lower section (marked section 3 on the
drawing), any of the horizontal lines, marked 1x-16x,
can be connected by means of plugs to any of the four
lines running up to the four X off-centering relays.
The relays concerned here are identified by a K
number on the illustration. For ease of discussion, how-
ever, the relays will be identified by means of a letter
designation also shown on the diagram. Thus, the ex-
pansion relays consist of Ex, Ey, Fx, Fy, Gx, and Gy.
Operation of relay Ex, for instance, means that both
K58 and K59 have operated. Similarly, the off-centering
relays are referred to as relays Ax-Dx and Ay-Dy.

2.6.2.1 Plughoard Section 1

The jacks in this section are used for connecting
the expansion relays to the EXPANSION switch in
such a manner that the three positions of the EXPAN-
SION switch will correspond to the type of displays
assigned to the particular console. There is a specific
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relay assignment for each level of expansion. Once it is
known which expansion levels are to be assigned to
each of the three positions of the EXPANSION switch,
the corresponding part of the control panel can be
patched up.

For instance, to produce an X1 expansion, relays
Ex and Ey must be operated. (In all cases, X and Y
expansion relays are operated at the same time to avoid
the possibility of having one expansion in the X direc-
tion and another in the Y direction. The above arrange-
ment is wired into the console, and the operator need
not concern himself with it.) Four poles of the EXPAN-
SION switch are shown, connected to the first section
of the control panel. For example, if the CNTD position
is to produce an X1 display, the Cs line going to the
relay line is plugged so that relay operation will be
secured at this position of the switch. By plugging the
Ns 1 or Ns 2 on the E relay line, an X1 display can be
obtained in the NORMAL position of the switch.

For an X2 display, none of the expansion relays
should operate; hence, no plugs are used on whatever
switch position is devoted to the X2 display. For an X4
display, relay G must operate. An X8 display may be
assigned to either the NORMAL or EXPANDED posi-

Figure 4—26. Expansion and Off-Centering Plugboards (Control Panel)
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tions of the EXPANSION switch, Regardless of which
position the X8 display is to assume, however, the two
relays are not patched to the same pole of the EXPAN-
SION switch. If relays F and G are to be patched up to
the EXPANDED position, one of them should be
plugged to the ES 1 line and the other to the ES 2 line.
If they were both plugged to the same line, two relays
would remain interconnected permanently by means of
the horizontal line between jacks so that, if relay G
remained connected for the NORMAL position, relays
F and G would also operate in the NORMAL position.
Therefore, whenever two of the EXPANSION relays
are to be connected to a particular EXPANSION switch
position, they should always be connected to different
sections of the switch.

2.6.2.2 Plugboard Section 2

As stated previously, the console operator has no
control over the segment of the CONTRACTED display
that he sees when the EXPANSION switch is turned to
NORMAL. This segment is assigned to the console on a
tactical basis. Likewise, if the CONTRACTED display
is anything but an X1 display, the particular segment
that will be seen in CONTRACTED is assigned.

This assignment of off-centering position is ac-
complished through the use of control panel section 2.
The off-centering relays, Ax through Dx and Ay through
Dy, are connected to control panel section 2 through
eight poles of the EXPANSION switch. In the CON-
TRACTED position, any of the eight relays can be con-
nected by means of a plug to the Cs line. In the
NORMAL position, they can be connected to the Ns 1
line. In this way, the —48V return for any of the relays
can be completed through the switch, thus achieving
operation.

Figure 4—25 shows how the X1 display is divided
into 15 overlapping segments in each axis. For an X2
expansion, each axis is divided into three sections, as
shown in the figure. The first section consists of seg-
ments 1-7, the second section consists of segments 5-11,
and the third section consists of segments 9-15. The
Y-axis is divided up in the same way. The result of this
division is to provide nine overlapping areas, any one
of which will fill the entire usable portion of the SD
CRT when an X2 expansion is being displayed.

For an X4 expansion, the X1 display has been
divided up into seven sections along each axis. This is
also shown in figure 4—25. Each section is seen to con-
sist of three of the basic segments with 50-percent over-
lap between each set of three. There are, thus, 49 divi-
sions of the X1 display, any one of which will fill the
SD CRT face when an X4 expansion is displayed.

The remaining level of expansion is the X8 display.
In this expansion, one of the basic segments of the X1
display is expanded to fill the SD CRT face; there are,
thus, 225 possible X8 expansions.
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To produce display of any particular segment of
the X1 display in an X2, X4, or X8 expansion requires
a different combination of relays. Table 4--5, part A,
summarizes the relay connections that must be made to
assign any particular segment to the CNTD position
of the EXPD switch. For instance, if the X2 expansion
is assigned to the CNTD position, there will be three
possible assignments of sector in each axis. Inserting
plugs on the Cs line for relays Cx and Dx will produce,
in the x axis, the display of segments 5-11. For an X4
expansion, there are seven choices in each axis, as shown..

Table 4—5, part B, provides the same information
for the NORM position of the switch. Note  that this
position can be assigned an X8 expansion and, therefore,
has 225 possibilities for that display.

-2.6.2.3 Plugboard Section 3

This section of the plugboard is devoted to the
OFF-CENTERING switches and contains the jacks that
are connected to the off-centering relays through the
EXPD position of the EXPANSION switch. Table
4—5, part C, summarizes the connections that must be
made for each OFF-CENTERING button for each level
of expansion.

Column 1 of table 4—5, part C, describes those
connections that are needed for producing an X2 dis-
play in the EXPD position. As stated earlier, none of
the expansion relays is to be operated for this level of
expansion, and, hence, control panel section 1 is not
plugged. Since the EXPD display is to be X2, the
largest number of OFF-CENTERING buttons needed
will be three. (NORMAL is X1 and, therefore, an
X2 expansion can provide only nine segments to choose
from. This can be seen from figure 4—25. If NORM is
X2, then no expansion is possible between the NORM
and EXPD positions.) Thus three buttons are required
for each axis. Examination of table 4—5, part C, will
reveal that, for the EXPD position of the switch, the
OFF-CENTERING buttons accomplish precisely what
is performed by the patching done on control panel
section 2. In the example used in plugboard section 2,
segments 5 through 11 were selected for the X-axis by
energizing relays Bx, Cx, and Dx. To wire up OFF-
CENTERING button IV to accomplish the same thing
requires that leads 6x, 7x, and 8x (see fig. 4—27, fold-
out) be connected to relays Bx, Cx, and Dx, respectively.
In this manner, identical relay operation is achieved,
although the return for the relays is now picked up
through the first contact of OFF-CENTERING button
V.

For an X4 display in the EXPD position, there are
two possibilities, depending on whether the NORM dis-
play is X2 or X1. In the case of the X1 NORM DIS-
PLAY, there will be 49 possible sectors to select from
for an X4 EXPD display, and hence seven buttons in
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each axis are required. (See fig. 4—25.) Column 5 of
table 4—5 is applicable here. If the NORM display is
an X2 expansion, however, there will be only three
sectors to choose from in each axis, and, hence, only
three OFF-CENTERING buttons in each will be re-
quired since the X2 expansion will have already selected
a particular area from the X1 display. Information is
provided in the table for the three possibilities in each
axis. Thus, if the X2 expansion had selected segments
1-7, the OFF-CENTERING buttons would be wired up
as shown in column 2. Columns 3 and 4 provide the
information needed for the other two possibilities.
There are again the two major possibilities for the
X8 display in the EXPD position. If the NORM posi-
tion is an X2 expansion, segments 1-7, for example,
there will be 49 possible EXPD displays, and all OFF-
CENTERING buttons will be required. In this case,
columns 13, 14, and 15 are applicable. If the NORM
display is an X4 expansion, only three pushbuttons are
required in each axis, and columns 6-12 are applicable.
In any case, the X8 expansion will produce display of
only one of the basic segments of the X1 display.

2.6.2.4 Situation Display Test Pattern Switch
The —48V return for the expansioa and off-center-
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ing relays in the CNTD, NORM, and EXPD positions
of the EXPANSION switch is obrained through one
section of the SD test pattern switch. When this switch
is in either of the TEST positions, only the E expansion
relays are operated, thereby ensuring an X1 display for
the test pattern.

2.6.2.5 Conirol Panel Layout

The actual expansion control panel consists of two
separate boards located in the rear of the console and
shown in figure 4—26. The board shown at the left
contains three labeled areas: CNTD, NORM, and
EXPD. The board shown on the right is devoted entirely
to EXPD. In each labeled area, both the expansion and
off-centering relays are brought out to jacks.

The 2-pronged bottle plugs are made to fit into
adjacent horizontal rows (see fig. 4—26). In the CNTD
area, pairs of jacks, labeled E and G, are shown with a
vertical line between the two jacks of a pair. The verti-
cal line shows the way in which the plug is to be in-
serted. A number of these vertical lines are drawn on
both boards. They do not, as in the case of the category
board, indicate an electrical connection. Their sole pur-
pose is to indicate which jacks are paired together so

TABLE 4-5. EXPANSION AND OFF-CENTERING PLUGBOARD CONNECTIONS

A -
528, EXPANSION=~SWITCH POSITION OFF-CENTERING ASSIGNMENTS, CONTRACTED .
NOTE:
' I. REFER TO FIGURE 3-8
EXPANSION SCALE X X2 x FOR PLUGBOARD SECTION
- LOCATION.
PLUGBOARD SECTION | Cs TO E OPEN G 2. REFER TO FIGURE 3-10
(SEE NOTE 1) FOR SECTOR LOCATIONS.
°FF—CEN(§_:'§ 53?'5'2?’ X AXis i-15 1-7 5-11 | 9-15 || 1-3 | 3-5 5-7 7-9 9-il | 11-13 | 13-15 || 3. REFER TO FIGURE 3-8
FOR LOCATION OF TER-—
CONTRACTER Rote ) OF PLUSBOARD || OPEN [| C. D, [ByCyDy|AcCxDx|| Dx | CuDr | BiDe [B(CxDy| A(Dy [ACiDy [ABDyll \iNALS TO BE SHORTED.
OFF—CENTER LOSITION. Y AXIS -5 || -7 [ s-n | eus || -3 | 35 [ 57 | 79 | ot [ w3 | 3-15
CONTRACTED SECTION OF PLUGBOARD [ open || ¢, D, |6.C, D,|AC,0, || O, ¢,0, | BDy [B,C,D,| AD, {A,C,D, |A/ByDy
B
328, EXPANSION-SWITCH POSITION OFF~CENTERING ASSIGNMENTS, NORMAL
EXPANSION SCALE X1 x2 X4
PLUGBOARD SECTION -{ Ns TO E OPEN, 6
(SEE NOTE 1)
OFF—CENTER_POSTTION, X AXS 5 -7 | 51 | 945 || -3 | 35 | 57 | 78 | su | u-13 | 1318
R AL S T Oy, ) /GBOARD OPEN || CxDx [BxCxDy[AxCiDx ]| Dx | CxDx | BxDx [B«CxDx | AxDx [AxCxDx |AxBxDx
OFF=CENTER FOSITION, Y AXTS 1-15 =7 | s-u { 9«5 |[ -3 | 35 | 57 | 79 | 9-u | -3 | 1345
NORMAL SECTION OF Jj-USBOARD opeN || c,o, |B,C,D,|AC,D, | D, |c,0, | B,D, |B,C,D,| AD, |AC,D,[A,B,D,
B (conT'D)
$28, EXPANSION-SWITCH POSITION OFF-CENTERING ASSIGNMENTS, NORMAL (CONT'D)
EXPANSION SCALE x8 -
PLUGBOARD SECTION | N, TO G AND F (ON OPPOSITE SIDES)
OFF-CENTER POSITION, .X AXIS | 2 3 4 5 6 7 8 10 I 12 13 14 15
NORMAL SECTION OF PLUGBOARD || OPEN [ D, Co | cxDy | 8, | B.D, | B,Cy |BLCyD, x | AxDy | AxCyx [AxCuDy] AxBx |A4B,Dy]ALB,Cy
' OFF-CENTER POSITION, Y AXIS ' 2 3 4 5 6 7 8 10 T 12 13 14 15
NORMAL SECTION OF PLUGBOARD || OPEN | D, ¢, | c,b, . |80, |B,C, |B,CD] A, |A/Dy | A/Cy |AC/Dy| A/By JA/ByD(]A/B,\Cy

136



VOL I, PART 4
CH 2

TABLE 4—5. EXPANSION AND OFF-CENTERING PLUGBOARD CONNECTIONS (cont'd)
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Table 4-5

Cc
528, EXPANSION-SWITCH POSITION OFF-CENTERING ASSIGNMENTS, EXPANDED
EXPANSION SCALE x2 X4
PLUGBOARD SECTION | Es. TO OPEN G
©__{SEE_NOTE 1)
NUMBER OF PUSHBUTTONS 3 3 7
NORMAL PLUGBOARD SECTION 1 X2 N 1
SET FOR EXPANSION RATIO ‘ »
PUSHBUTTON NUMBER I |||l | i |on|x|w |0 |1@ 1| |m||y|{w|wm
OFF-CENTER POSITION OF PUSHBUTTON] (-7 | 5-11| 9-15|| 1-3 [3-5[5-7 | 5-7 | 7-D | 9-11| 9-1I {1i-13 615 1-3 [ 3-5[5-7 [7-9 [ 9-uju-13/13-15
EXPANDED PORTION OF [ROW * * T * Dx
PL““;Z@;“&ST??,)&““ 2 Cx Dx Bx Ax Cx
3 Dy OPEN Dy Dy Dy
4 * * * * By
5 * * * * Dy
6 Bx M B, Ax Bx
7 Cy Dy Cy Cy (%
8 Dx OPEN Dx Dx Dx
9 * * * * Ay
10 *, * * * Dy
B Ay By Ay Ay Ay
12 Cx Dx Dx By Cx
13 Dx OPEN OPEN Dx Dx
14 * * * * A,
I5 * * * * By
16 %* * * »* Dx
C " (CONT'D)
528 EXPANSION SWITCH POSITION OFF CENTERING ASSIGNMENTS-EXPANDED (CONT'D)
EXPANSION SCALE X8
PLUGBOARD SECTION | Eg TO G AND F (ON OPPOSITE SIDES)
NUMBER OF PUSHBUTTONS 3 7
NORMAL PLUGBOARD SECTION X4 X2
SET FOR EXPANSION RATIO
PUSHBUTTON NUMBER 1 [ | n [refwr | e e fonm ]t [ o o] 1 [ [wfw|1 [x]mfwlv a1 o vy
OFF-CENTER POSITION OF PusH BUTTON [ 1 [2[3]3]afs|5{6 [7 |78 ]9]|9]io|ii|ur|i3[13|14|is}l) [2]|3}a[5{6]7[5]|6|7]|8 sfio]in[s]iofi [i2)is M[ns
EXPANDED PORTION OF {ROW #1 * * * %* * | "% OPEN B, Ay
PLUGBO@:ESN":_?EB‘B'?G 2 || oPeN | ¢, By B, .| Ay Ay Ay Dy 8, A
3 {| oPEN | oPEN | OPEN Cx | OPEN C By OPEN Dy Dy
o * * * * * * * Cy B, Ay
5 * * * * * »* * OPEN Cy Cx
6 D, Cy By 8, A, | A, A, Cy By Ay
7 |l opPen D, D, Cx Dy C, B, Dy [N Cx
. 8 || OPEN | OPEN | OPEN o, | oren | D, D, OPEN D; 0,
9| = * * * * * * B, Ay Ay
o || %* * * * * * 9% OPEN OPEN 8,
e By By Ay Ax Ay Ax By Ax Ax
12 || oPeN | oren ¢, | OPEN Cy By By Dy Dy By
13 || OPEN | OPEN | OPEN | OPEN | OPEN | OPEN cy OPEN OPEN By
14 || * * * * * * * 8, Ay Ay
15 [ * * * * * »* Cx Cx Bx
16 * * * * * * * OPEN OPEN “Cy

% ROW NOT IN CIRCUIT

NOTE: ROWS I-16

SHOWN FOR X COLUMNS ONLY, DUPLICATE FOR Y COLUMNS.
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that there will be no doubt in which two jacks a particu-
lar bottle plug is to be inserted.

To obtain operation of any of the labeled relays,
the bottle plug is inserted in the pair of jacks cor-
responding to that relay. To produce an X4 expansion
in the NORM position, a plug is inserted in either of the
two pairs of G jacks shown in the NORM area. Any
particular off-centering can then be selected by plugging
in the off-centering relays, according to the informa-
tion given in table 4—5, part B.

The EXPANDED area of the control panel is
treated in the same manner as the other two areas. Each
line of jacks is numbered to correspond with the num-
bering given in table 4—5, part C, shown on the
schematic diagram, figure 4—27. In this area, as in the
NORM area, there are two pairs of jacks for each of
the expansion relays. Each pair corresponds to a dif-
ferent section of the EXPANSION switch. As explained
in plugboard section 1, whenever two expansion relays
are to be operated in a particular position of the switch,
they are never operated from the same section of the
switch. Expansion relay jacks on the same side of the
control panel correspond to the same section of the
EXPANSION switch. Thus, when plugging the control
panel for an X8 expansion (relays F -and G), the F
jacks that are used must be on the opposite side of the
board from the G jacks.

2.6.3 Magnitude Bit Selection

Figure 4—28 and logic 4.2.2 show the contacts of
the expansion relays that are used for positioning the
selection, exclusive of the most significant bit. Nine of
the ten inputs to the binary decoder are shown at the
right of the illustration. The tenth decoder input, cor-
responding to the most significant bit, is discussed in
2.6.4.

A number of relay contacts for the three expansion
relays are shown. In each group of contacts that feed
one of the binary decoder inputs, there is one armature
and two contacts from each of the three expansion relays.
Only the X-positioning circuits are shown, since the Y
section is identical except for nomenclature.

Considering the case of the X1 expansion, assume
that only the E relay is operated. The only bit of the
first four that can be on the digit 1 line will be L1. An
open circuit will be present for each of the other three
bits. If each group of contacts is traced, it will be found
that for the X1 display, positioning bits L1-L9 will be
admitted to the binary decoder on the digit 1-9 lines,
respectively.

For the X2 expansion, when no relays are operated,
bits L2-L10 will be admitted to the decoder. For an X4
expansion, when relay G is operated, bits L3-L11 will
go to the decoder. For an X8 expansion, bits L4-L12 will
get through the contacts to the decoder. Note that the

138

3-62-0

VOL 1, PART 4
CH 2

selection of inputs 1-9 to the decoder is dependent only
on the expansion level selected by the EXPANSION
switch. Off-centering does not play a part in it.

2.6.4 Digit 0 Selection, X2 Expansion

Figure 4—29 illustrates the X-axis contacts which
are used for message intensification and digit G selection.
It is to this part of the message-positioning circuitry that
both the 1 and 0 sides of the LS-L3 bits are connected.

The expansion relay contacts involved in the selec-
tion of digit 0 are at the bottom of the illustration. Each
of the three expansion relays is involved in a relay tree
which is connected into various points in the network
of off-centering relay contacts. The number of possible
signals that could go out as digit O are seven, two sides
of each of the three bits and the 0 side of the LS bit. The
bit that is selected will depend both on the expansion
and the off-centering of the display.

If an X1 expansion is being displayed, only relay
E of the expansion relays will be operated, and, hence,
only one of the seven bits can get through as digit 0;
namely, that from the 0 side of the LS register flip-flop
through the normally open Ex-1 contact. If a message
had arrived at the console with all of its positioning bits
0, nine bits would go to the decoder as digits 1-9, but
the most significant bit, LS, would go to the decoder on
the digit 0 line as a 1. (The output of the 0 side of a
flip-flop will be a 1 if the output of the 1 side is a 0.)
Thus, an address which consisted of all 0’s has been
converted (as far as the binary decoder is concerned)
into an address containing a 1 followed by ning 0’s. The
resultant message position will be at the exisesve=tete of
the viewing screen. If the LS bit had not been reversed
in the manner descré'ged, the message would have been
positioned at the 0 tégube, since putting all 0’s
into the decoder produces a minimum output analog
voltage. If the input address had been a 1 followed by
all 0’s, the LS bit would still be reversed so that the
message address going into the decoder would be all
0’s, producing deflection to the extreme left side of the
tube. In this manner, the most significant bit is used to
select which half of the tube the message will appear on.
At the same time, this bit (the sign bit) is treated by the
decoder in the same way it treats each of the magnitude
bits. In other words, the decoder does not know that
the LS bit is the sign bit. (It apparently is only another
magnitude bit.) . Thus, it is the relays which give the
sign bit its ability to select the correct side of the tube
for a given message display.

If an X2 expansion is being displayed, none of the
expansion relays will be operated, and the only way for
a bit to go out on the digit 0 line is for it-to go through
normally closed contacts Ex-1 and Gx-1. This means
that the most significant bit going to the binary decoder
will be either the 1 or 0 side of the L1 bit, depending
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on the operation of the off-centering relays Bx, Cx, and
Dx.

Reference to table 4—5, part A, will show that
there are three combinations of off-centering relay op-
erations during the display of an X2 expansion. The
three combinations are Cx and Dx for segments 1-7;
Bx, Cx, and Dx for segments 5-11; and Ax, Cx, and Dx
for segments 9-15. :

When Cx and Dx are operated, the 1 side of the L1
bit goes through normally closed contact Bx-3 and nor-
mally open contacts Cx-2 and Dx-2. Thus, when select-
ing segments 1-7, no sign bit reversal takes place, The
reason for not reversing the most significant bit in this

-
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Fig. 4-28

case becomes apparent when it is considered how the
SD console produces an expanded display. By turning
to an X2 expansion, the 10 bits going to the binary
decoder are switched from LS-L9 to L1-L10. The ability
to select the half of the screen on which the message
appears is now apparently lost since the LS bit, which
formerly accomplished this, is no longer sent to the
decoder. The L1 bit is now sent in its place as the most
significant bit. This results in an uncertainty of message
positioning since messages on both sides of the tube in
an X1 expansion could have the same L1 bit. For
instance, in figure 4—22, points B and E both have a 1
for the L1 bit, and, yet, they are on opposite sides of
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Fig. 4-29

the viewing screen. Obviously, the L1 bit cannot per-
form the task of selecting the half of the screen on
which to display the message.

"What has happened (when switching to an X2
expansion) can be visualized by stretching what was
formerly on the left side of the X1 display over the
entire face of the tube so that what was formerly the
center of the display is now on the extreme right side
of the tube. At the same time, the right side of the X1
display has similarly been spread over the entire sur-.
face of the tube so that there are actually two super-
imposed areas, one corresponding to segments 1-7 and
the other corresponding to segments 9-15. Message loca-
tions which were formerly on the left side of segments
1-7 (first quarter of the tube) are now located in the
entire left side of the tube. Message locations formerly
occupying the right side of segments 1-7 are now spread
out through the entire right side of the tube. Similarly,
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the right and left sides of segments 9-15 now occupy the
entire right and left sides of the tube. This is what
constitutes the X2 expansion; it will be explained later
how the expansion circuits send a gate to the intensify
circuits so that messages in only one of these two super-
imposed areas became intensified. But it can now be
seen why the L1 bit is not reversed in the X2 expansion,
as the LS bit is in the X1 display. There is no longer
any need for selecting half of the tube for display pur-
poses; this job is now performed by the intensify cir-
cuits.

It can also be seen now how the spacing between
messages in the X1 display is doubled in the X2 display.
Since the LS bit is not used now for positioning, the L1
bit is twice as significant as it formerly was. Thus, two
messages having a 1 and a 0 for the L1 bit will be twice
as far apart as formerly because the bits produce twice
as much differential output in the binary decoder. This
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Figure 4—29. Digit 0 Selection and Intensification Selection
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follows trom the fact that they are going in on the digit

0 line, instead of the digit 1 line. Two messages which
have the same L1 bits, but different L2 bits, will similarly
be spaced twice as far apart as before because the L2 bits
now go into the decoder on the digit 1 line instead of
the digit 2 line and are, theretore, twice as influential as
formerly in affecting message position. The same dis-
cussion applies to all of the bits of the address. Segments
9-15 are selected for an X2 expansion by relays Ax, Cx,
and Dx. The Ax relay does not enter into the selection
of the digit 0. However, as far as positioning bits are
concerned, this will be the same situation as that for the
selection of segments 1-7; that is, the 1 side of the L1
bit is selected as the digit 0 and there is no reversal of
the sign bit. The difference in circuit operation occurs
in the intensify circuitry where, because of the operation
of relay Ax, only the messages that were formerly in
segments 9-15 (right half of the X1 display) will be
displayed.

To select the center section of the X1 display for
the X2 expansion (segments 5-11), relays Bx, Cx, and
Dx must operate. Tracing out the circuitry associated
with the L1 bit will reveal that only the 0.side of the
L1 bit can get through to the decoder by means of
operated contacts Bx-3, Cx-2, and Dx-2. This means that,
as in the X1 display, there is a reversal of the most
significant bit. :

The reversal is necessary, here, because of the way
in which the center segments of the X1 display are
selected for an X2 expansion. As explained in connec-
tion with the X2 expansions discussed above, areas of

the X1 display are selected for expanded viewing by.

altering the set of position bits sent to the binary de-
coder and by not intensifying messages that belong in
segments other than the ones desired for display. In
expanding segments 1-7, segments 9-15 were not in-
tensified. There are, however, two areas capable of
being displayed simultaneously on the SD CRT; the
areas are an expansion of segments 1-7 and an expan-
sion of segments 9-15. Only the first was intensified. In
the second case (discussed above), only segments 9-15
were intensified. Now, however, there arises the problem
of intensifying the right half of segments 1-7 and the
left half of segments 9-15; these constitute segments
5-11 as shown in figure 4—30.

But the right half of expanded segments 1-7 is now
on the right half of the tube and the left half of seg-
ments 9-15 is now on the left of the tube. Both are
in the wrong half of the tube as far as an X2 expansion
of the 5-11 segments is concerned. That is, the right
balf of segments 1-7, which comprise the left half of
segments 5-11, is on the right half of the tube although
intensification of the 5-11 segments would require it to
be on the left half. Therefore, when selecting these seg-
ments, the most significant bit is reversed so that the
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right half of the 1-7 segments falls on the right half
the tube. The intensifying circuitry at the same time
illuminates only those messages falling in the selected
segments, 5-11.

2.6.5 Digit O Selection, X4 Expansion

When an X4 expansion is being displayed, expan-
sion relay G is operated so that the bit which becomes
digit 0 in the decoder can only come from the circuits
associated with the L2 bit by passing through normally
closed contact Fx-1 and normally open contact GX-1.
Inspection of table 4—5 shows that there are seven
areas along the x axis that can be selected and there are
seven combinations of off-centering relays with which
to obtain the selection.

As before, the message-positioning circuitry selects
the desired display by intensification, thus allowing the
positioning bits of all messages to get to the binary
decoder but intensifying only those messages in the de-
sired area. Therefore, in the X4 expansion, there are,
in effect, four superimposed areas consisting of seg-
ments 1-3 expanded to cover the entire tube; segments
5.7 expanded in the same way, etc. Only messages in
the selected segments are intensified. For purposes of
message-positioning, there is still the problem of en-
suring that the messages end up on the correct half
of the tube. For instance, with segments 1-3, no sign bit
reversal is necessary since messages in the left half of
X1, segments 1-3, will fall on the left half of the X4
display. Messages on the right half of X1, segments
1-3, will fall on the right half of the X4 display. The
same situation exists with selected segments 5-7, 9-11,
or 13-15.

| 3 5 7
/_—A'_\/_J\—‘\F N\ \/__A \
! I 1
\ v, 7\ V__/\ e 7/ \ v_/

9 " 13 15

Figure 4—30. Overlapping of Off-Center Areas
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The selection of segments 3-5, 7-9, or 11-13, how-
ever, requires the sign bit reversal since, in each of
these cases, the desired segments would be on the wrong
side of the tube (as explained for the 5-11 selection of
the X2 expansion). For instance, segment 3 falls on
the right side of the tube as part of the display of

- segments 1-3. When segments 3-5 are to be selected,
however, segment 3 must be on the left half of the tube.

2.6.6 Digit 0 Selection, X8 Expansion

In an X8 expansion, relays F and G are operated
so that digit 0 must come from the circuitry associated
with the L3 positioning bit through normally open con-
tacts of X-1 and Gx-1. Table 4—5 lists the segments
which can be selected (in this case, any of the basic 15)
and the relays which must operate. Since only D relay
contacts of the off-centering relays are involved in the
selection of the digit 0 bit, a quick generalization can
be made. When the relay is not operated, the 0 side
of the L3 bit is selected by the normally open contact
of Dx-5. This is in agreement with what has been dis-
cussed previously since the D relay is operated only
when selecting segments 2, 4, 6, 8, 10, 12, and 14. These
are the segments that make up half of each adjoining
segment, as shown in figure 4—25. The areas capable of
being displayed simultaneously consist of segments 1, 3,
5,7, 9, 11, 13, and 15. To select segment 2, for example,
requires the right half of segment 1 and the left half
of segment 3, both of which must be reversed to achieve
a correctly oriented display of segment 2.

2.6.7 Intensification Selection

The process of producing an expanded display in
the SD console involves the selection of 10 positioning
bits for all messages received at the console. In addition,
only those messages in the selected areas must be in-
tensified, since, regardless of area selection, all messages
are presented to the SD CRT circuitry. The remainder
of the circuits (fig. 4—29) are used for this purpose.

As explained, to achieve intensification of any mes-
sage, AND 5 in intensification unit 2 must be condi-
tioned by three gates (fig. 4—21), one of which is the
intensify gate. Assuming then that an intensify gate is
present, signifying that a message or part of a message
is ready for display, it falls to the expansion and off-
centering relays to decide whether the message qualifies
for display by determining whether it is in the area
being viewed. If the message is in the correct area,
gates will appear on the two other inputs to AND,
signifying that the position of the message in both x
and y co-ordinates is satisfactory and the message is in-
tensified. In order to provide these two additional in-
puts to AND 5, OR circuits 1 and 2 must be condi-
tioned, either by 10V which is fed to both OR’s or by
AND’s 1, 2, 3, and 4, as shown in the illustration. The
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four bits necessary to condition each of these four AND
circuits are selected by the contacts of the expansion
and off-centering relays. Only the X-contacts will be
discussed since operation of both sets is identical.

2.6.7.1 Intensification of X1 Displays

Reference to figure 4—29 shows that 4-10V is ap-
plied to the normally open contact of Ex-11. The nor-
mally closed contact of Ex-11 is connected to —30V.
The armature is connected to OR circuits 1 and 2.
Therefore, whenever there is an X1 display, relay E
will operate, and a conditioning voltage is applied to
both the X and Y OR circuits so that ail messages will
be intensified. This is necessaty, of course, since there
is no selection of area in the X1 display. When relay
E is not operated (X2, X4, and X8 expansions), —30V
is applied to both OR citcuits.

2.6.7.2 Intensification of X2, X4, and X8
Displays

In order to illuminate messages for an X2 display,
either AND 1 or AND 2 must be completely condi-
tioned (for the x co-ordinate) so that OR 1 will condi-
tion AND 5 in intensification unit 2.

Each of the four inputs to AND 1 comes from the
relay contact circuitry associated with each of the first
positioning bits. By analyzing each of the three possible
conditions of relay operation in an X2 expansion, it
can be seen how conditioning of one of the AND cit-
cuits is obtained for messages that fall in the correct
areas.

Assume, for instance, that a message having a binary
address shown below arrives at the console circuitry.

IS L1 12 13 14 5 L6 L7 18 L9
1 0 1 0 (] 0 0 0 0] (0]

There will be three additional bits (L10-L12) in
the address, but they will not be discussed, as yet, since
they do not play a part in the deflection or intensifica-
tion.

Consider first where this message would occur on
the X1 display. Since the sign bit (LS) is a 1, the mes-
sage must appear on the left-hand side of the SD CRT.
The L1 bit is a 0 and, hence, does not produce deflec-
tion to the right. The L2 bit is a 1 and, as the third
most significant bit, is weighted in the binary decoder
to produce deflection across 14 of the tube face. The
message is thus positioned 1/ of the way across the left
half of the tube on the x axis. This is point D of
figure 4—22.

If this message is to be seen on an X2 expanded
display, segments 1-7 must be selected. Relays C and D
are operated to obtain this off-centering selection, and,
therefore, the 1 side of the L1 bit will go out as the
digit 0 bit to the binary decoder.
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Line 1 to AND 1 is connected to the 1 side of the
LS bit through the normally closed Ax-1 contact. Since
the LS bit is a 1, this line will be up; that is, at -}-10V.
(Note that, although a different set of 10 bits is used for
each expansion level, the unused and more significant
bits are not discarded; they are still used for intensifica-
tion purposes.) Line 2 of AND 1 is connected to the
L1 circuitry and goes to the 0 side since relay B is not
operated. Since L1 is a 0, this line will contain a 1, and,
bence, line 2 will also be up. Line 3 of AND 1 goes to
both the circuitry associated with the L2 bit and to a
source of 10V through the normally closed contact
of Gx-11; hence, this line is also up. Similarly, line 4
not only goes to the circuits of L3 but also goes to
+10V through the normally closed contact of Fx-11.
Thus, all four lines are up and AND 1 is conditioned,
thus conditioning OR 1 and AND 5 and allowing dis-
play of the message.

Tables 4—6, 4—7, and 4—8 summarize the condi-
tions under which each of the lines going to AND cir-
cuits 1 and 2 is energized. Each table covers a different
expansion level. Reference to table 4—6 reveals all the
conditions which must be met by the positioning bits
of an incoming message in order for the message to be
intensified on the SD CRT during an X2 expansion.
For instance, if segments 1-7 are being observed (having
been selected by the OFF-CENTERING buttons or the
plugboard patching), there are two combinations of the
LS and L1 bits that will produce intensification of the
message. If both bits are 1, AND 2 will be energized.
This follows from the fact that a 1 bit for LS selects
the left half of the X1 display and a 1 bit for L1
selects the right half of the left half, or the second
quarter of the axis which corresponds to the 5-7 seg-
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TABLE 4—6. CONDITIONS FOR INTENSIFICATION,
X2 EXPANSION

AND 1
1-7 5-11 9—15
Line 1 LS=1 LS=1 LS=0
Line 2 Li1=0 Li—1 Li1=0
Line 3 +10v -+10v -}-10v
Line 4 +10v —+10v -+10v
AND 2
Line 1 LS=1 LS=o0 LS=—=0
Line 2 Li1=1 Li=0 Li=1
Line 3 +10v ~-+10v +10v
Line 4 -+10v -+10v “+10v

ments, and which, therefore, merits display. If the LS
bit is 1 and the L1 bit is 0, the message will appear to
the left of the tube, an area that corresponds to seg-
ments 1-3 of an X1 display.

If L1 is 0, intensification will still be achieved
(through AND 1), because, once the LS bit has selected
the left half of the X1 display, either condition of the
L1 bit will still result in message-positioning in the
area covered by the 1-7 segments.

Notice that table 4—6 lists bit combinations for
the 5-11 column that are duplicated in the other two
columns. This follows from the fact that the areas cov-
ered by the different groups of segments overlap and

TABLE 4-7. CONDITIONS FOR INTENSIFICATION, X4 EXPANSION

AND 1

1-3 3-5 5-7 7-9 9—11 11-13 13-15

Line 1 LS—1 LS=1 LS—1 LS—1 LS—0 LS—0 LS—0

Line 2 Li1—0 L1—=0 Li=1 L1=1 L1—=0 L1=0 Li=1

Line 3 L2—=0 12—1 L2—=0 L2—1 12—=0 L2—1 L2—0

Line 4 —+10v ~+10v —+10v +10v ~+10v —+10v +10v
AND 2 .

Lie 1 LS—1 LS—1 LS—1 1S—0 LS—0 LS=0 LS—o0

Line 2 Li=0 L1=2 Li=1 L1=0 L1=0 Ll:l L1—=1

Line 3 L2—1 L2=0 12=—1 L2—0 L2=—1 12=0 L2—1

Line 4 L10v ‘+16v L10v 10v +10v +10v +10v
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TABLE 4--8. CONDITIONS FOR INTENSIFICATION, X8 EXPANSION

AND 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Line 1 LS=1 LS=1 LS=1 LS=1 LS=1 LS=1 LS=1 LS=1 ILS=0 LS=0 LS=0 LS=0 LS=0 LS=0 LS=0
Line 2 Li1=0 L1=0 Li1=—0 Li1=0 Li=1 Ll1=1 Lil=1 I1=1 L1=0 L1=0 Ll1=0 Li1=0 Li=1 Li=1 L1=1
Line 3 I12=0 I2=0 IL2=1 I12=1 12=0 I2=0 L2=1 12=1 I12=0 I2=0 I12=1 L2=1 12—=0 12=0 L2=1
Line 4 L3=0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
AND 2
Line 1 LS=1 1 1 1 1 1 1 ] 0 0 0 0 0 0 0
Line 2 L1=0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
Line 3 12=0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
Line 4 L3=1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

TH)

8—v 3lqel

0-79-¢
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that a message occurring in the overlapping areas will
be intensified if either of the two groups of segments
has been selected for expanded viewing.

In a like manner, tables 4—7 and 4—8 list all the
conditions that must be met for message intensification
in the X4 and X8 levels of expansion.

2.7 SD CONSOLE SUBPANEL CONTROLS

Figure 4—31 shows an SD indicator subpanel and
the adjustment controls located on it. Those which are
used in the SDIS are colored green and are indicated
on the illustration by shading. Those which are used for
the light gun and which are part of the audible alarm
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SD Console Subpanel Controls
2,6.7.2-2.11

lines. The DD controls are red (diagonal dashed lines
on the illustration) and are discussed in Part 3, Chapter
2. The camera control section is shown drawn to the
left of the DDIS controls. Situation display consoles
that bave cameras attached do not contain a DDIS; this
section replaces the DDIS controls.

2.7.1 Situation Display Controls
The following SD controls are on the subpanel of
the console. They are listed from left to right and from
top to bottom:
a. SD TEST PATTERN. This 3-position switch al-
lows normal console operation in the NORMAL
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27.1-2.13

the test category is displayed while all other
categories are disconnected. In - addition, the
times 1 expansion is selected for display. When
in TEST 1 position, the feature selection switches
in group 1 are operative; when in TEST 2 posi-
tion, the feature selection switches in group 2
are operative.

. DRIVER EMISSION CHECK-SWITCH. This 5-

position rotary switch allows checking of the
operation of the driver unit. In NORMAL posi-
tion, the driver unit operates normally. In any
of the other four positions (LEFT, RIGHT,
DOWN, UP), only one of the four driver tubes
is allowed to operate.

. DRIVER FILAMENT VOLTAGE-SWITCH.

This switch reduces the filament voltage applied
to all four driver unit tubes, allowing a stringent
test for low-emission tubes.

. BRIGHT and DIM CHARACTER INTENSITY.

These controls vary the intensity of bright char-
acters and dim characters, respectively.

. BRIGHT and DIM POINT INTENSITY. These

controls adjust the intensification levels for
bright and dim points, respectively.

. DECODER TEST 1 and TEST 2. These switches

are used in marginal checking of the 10-bit
decoders.

. DEFLECTION AMPLIFIER TEST. This switch

provides a means for marginal checking the de-
flection amplifier.

. 'OFF CENTER KEY RELEASE. If the off-center-

ing keys on the front panel are all accidentally
depressed, this switch will energize a solenoid
which will release them.
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the CHARACTER COMPENSATION and SE-
LECTION controls respectively.

. WRITING BEAM INTENSITY. This control

adjusts the overall brightness of the SD display.

. WRITING BEAM FOCUS. This control adjusts

the size of a point display. The adjustment is
made by reducing a bright point to optimum
size. '

. HORIZONTAL and VERTICAL CHARACTER

COMPENSATION CENTERING. These con-
trols adjust horizontal and vertical character
registration. They are adjusted while viewing a
test pattern to reduce the variation in position
of different characters displayed sequentially in
the same location.

. HORIZONTAL and VERTICAL CHARACTER

SELECTION CENTERING. These controls ad-
just for proper selection of columns and rows
of characters on the character-forming matrix
so that the defocused writing beam is centered
on the selected character aperture.

. HORIZONTAL and VERTICAL CHARACTER

COMPENSATION AMPLITUDE. These con-
trols help adjust for the best format registration
of characters. They control the amplitude of cor-
rection signals applied to compensate for the
beam deflection introduced by character selec-
tion.

. HORIZONTAL and VERTICAL CHARACTER

SELECTION AMPLITUDE. These controls also
adjust the best format registration of characters
by controlling the amplitude of the character

selection signals applied to the selection plates
of the SD CRT. :

2.7.2 Light Gun Controls

The following controls on the subpanel of the con-
sole are used in conjunction with the light gun:

a. LIGHT GUN MC SWITCH. This 4-position

i. HORIZONTAL-VERTICAL CENTERING.
These controls adjust the horizontal and vertical
centering of the yoke deflection system.

j- DEFOCUS GATE INTENSITY. This control

adjusts the evenness of illumination of bright
characters during adjustments using a test pat-
tern.

. HORIZONTAL-VERTICAL GAIN. These con-

trols vary the width and height of the display
area on the SD CRT to fit within the inscribed
square on the face of the tube by varying the
gain of the deflection amplifier unit.

. COARSE-FINE CONVERGENCE CURRENT.

These controls are adjusted for sharpest char-
acter registration as viewed on the SD CRT.

. CONVERGENCE DEFLECTION AND TRIM

rotary switch allows normal light gun operation
when in NORMAL. Position 1 is used for test-
ing the thyratron within the light gun, position
2 is used for testing the light gun amplifier, and
position 3 is used when adjusting the LIGHT
GUN GAIN.

. LIGHT GUN GAIN. This control adjusts the

level of the input signals to the light gun ampli-
fier.

. LIGHT GUN INTENSITY. This control varies

the intensity of the red light within the light
gun proper.

2.7.3 Alarm Bell Control

This control is used to quiet the bell section of the
audible alarm for maintenance or similar purposes.

SELECTION. These controls provide fine ad-
justments for character registration and chat-
acter format. They are used in conjunction with
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Display Information Signals .
3.1-33.1

CHAPTER 3
DRUM INPUTS TO SITUATION DISPLAY ELEMENTS

3.1 GENERAL

The AN/FSQ-7 and AN/FSQ-8 utilize the Drum
System as a storage buffer device. Information, which is
to be used by the Display System, is written on the
drums by the Central Computer. The drums, associated
with the Display System, continually send data to the
situation display elements. The two types of signals
needed to generate a display are timing and control
signals, and display information signals.

3.2 TIMING AND CONTROL SIGNALS
Three timing and control signals are sent to the

situation display elements from the Drum System. The

drum timing pulses (OD 1 through OD 4) are sent
for timing. Also, just before a TD or RD cycle begins,
the Drum System sends a start TD or start RD to put
the generator in the correct mode of operation. Before
a message is sent, a word-on-way (WOW) signal (OD 4
pulse which occurs 2.5 psec before OD 1) is sent to
SDGE in order to prepare the generator for incoming
messages.

3.3 DISPLAY INFORMATION SIGNALS

Signals used to generate the display are read from
the drum which has the needed information stored in a
certain layout. The drum layout and the message layout
for the TD displays are the same. They contain an 8-
word layout with 32 bit positions for each word. The
bit positions in a word are divided into left half (L)
and right half (R). The positions ia each half have a
sign bit position followed by 15 numbered positions.
This gives each word 32 bit positions labeled LS, L1
through L15 and RS, R1 through R15. (See fig. 4—32.)

Thete are six different classes of information stored
in the layout. Part of the layout indicates what kind of
message is present. Another part indicates where the
message will appear on the face of the CRT. Whether
a light gun may be used on the message and whether
the message is to be displayed or suppressed is also
indicated in the layout. The CAT’s and DAB’s for a
message are also indicated in the layout. Finally, the
information needed to generate the display is also
stored in the drum layout.

Each of the three TD message types has different
layouts because all the messages are different.

Note
Lower-case x and y represent character selec-
tion. Upper-case X and Y, represent character
positioning. Upper-case X and Y represent
vector generating voltages.

3.3.1 TD Tabular Track Message Drum Layout
The drum layout for the TD tabular track message

.is shown in figure 4—32. Bits LS and RS of word 0 are

both 0 to indicate that this layout contains the informa-
tion needed for a TD tabular track message.

Positioning of the message on the CRT is deter-
mined by the X and Y co-ordinates of the central point.
For positioning the central point, word 1 bits LS -
through L12 determine X and RS through Ri2 deter-
mine Y. .

The CAT’s and DAB’s accompanying the message
are located in words 2, 3, and 4. The category is located
in word 2 bits LS through L4. The display assignment
bit is located in word 2 bits L6 through L15 and RS
through R15 and all of words 3 and 4.

If added information is necessary along with the
SD display, a 0 must be in LS of word 6 so the light
gun can be operated. If that condition does not exist,
the light gun is inoperative because the point on the
SD display is not intensified. Without intensification,
there would be insufficient illumination to actuate the
photo-electric cell in the light gun. ;

If L5 of word 2 is a 0, the message sent to the
SDGE will be suppressed. However, if it is 1, the mes-
sage may be displayed.

For the generation of the display, the information
within the layout is needed to generate the vector, select
the characters, and position the characters in respect to
the central point.

The vector is generated from the central point,
already established, in a direction and for a distance
indicated by X, Y located in word 5 bits LS through
L6 and RS through RG, respectively. If the most signifi-
cant bit (LS) of either X or Y is a 0, the sign is posi-
tive. If the bit is 1, the sign is negative.

Each of the characters in the display is selected
by two signals, x and y. Each of these signals is repre-
sented by the binary bits. The x used to select the A
character is stored in word 0, bits L1 through L3; the
y is found in bits R1 through R3. All of the other
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characters A through E are stored and selected in a
similar manner, as indicated in the layout.

Word 7, bit LS is the format position bit. This bit
with the sign of X or Y determines the positioning of the
characters with respect to the central point, as explained
in the display message format (refer to 1.3, Part 4,
Chapter 1). M

3.3.2 TD Tabular Information Message Drum
Layout

This message layout is also shown in figure 4—32.
In word 0, LS is 1 and RS is 0 to indicate a TD tabular
information message.

Message-positioning, CAT and DAB, light-gun,
and display-suppress information is the same for the
TD tabular track message. Since there is no vector or
B character in the TD tabular information message,
these portions of the drum layout are left blank.

3.3.3 TD Vector Message Drum Layout
The TD vector message drum layout is shown in
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figure 4—33. A 1, located in bit RS or word 0, indicates
that the information located in this layout is a vector
mess&ge Central points for the four vectors in this lay-
out ﬁi designated by the X’s and Y’s (LS-L9, RS-R9)
with the subscripts 1 through 4 in words 1, 5, 6, and 7.
/,m:d’ 2 through 4 contain all the CAT and DAB in-
/formation as indicated. Since light guns are never used
on a vector message, the control bit is not needed. L5
of word 2 is still applicable, and, if it is a 1, the mes-
sage may be displayed.

Each vector is generated from the central point
established by the X and Y positioning bits. The vector
is swept in a direction indicated by the sense and magni-
tude bits (X Y) The subscripts associate each central
point with its magnitude and sense bit for a correct
vector generation.

3.3.4 RD Message Drum Layout
An RD message is contained in 24 bits; the RD
drum is divided into nine fields of 24-bit registers. The

WORD BIT POSITIONS
LS| ] le IL_3 |L4|L5 | L6 [ L7|L8l le uo|u| ILIZILI3|L|4ILI5| RS]RI |R2|R3I R4| R5| Rsl R7IR8|R9IRIO[RHIRI2[RI3 |R|4|R|5
) * 'An‘ 'Az' 'A3' 'A4I B * IAu‘ ‘Az‘ 'Aal 'A4' T
@ xzzlxal Ixzo X.22 xz-‘xzo xzz’x21|x2°x22|x2'lxzv xzzlxallxao @ yzzlyzl ] y20 yaz|yzl |y2° yzzlyzl |y20 yzz|y2' |y20 yzzlyzl lyzo
1 T 1 X T T Y T 1 1 ' 1 Y T I T T
|
20 121 Ig-z 2-3| 29| 25|26| 27| 28|2-9 2-|olz~|||2-|z 20 2-‘1 2-2(2-3|24|2°5/2°6| 272829 210 211,212
! T T T ! ! T ! T T T 1 JI ! ! ! ! ! ! ! ! ll ! ‘! . I | A‘
2 CATEGORY * DAB
24 | 23 |22 |21 |20 @ 21314 |5 6|7 |8 9|0 |I12{13|14]15]16 |17 (I8 |9 20 21| 22,23 24 25,26
el e 2y o o7 e o)) e e e o oy e
3 27 | 2e|29 130'31 |32‘ 33|34 l35|36l37|38|3914ol4‘ |42]43 |44l45 ‘46'47|48|49|50|5I |52|53|54 |55 56 57|ss
DAB '
4 59|60|6||62|63|64|65 66!67}68 69|70|7I 72|73|74 75|76|77[78|79|80l81 szlesla4 ssleeis-r se'eslso
y Tr—— T y T T Y i T T Ty | 1 1] | | 1 T 1 |
5 X Ce Cs Ca Y Ce C3 Ca
20 |27 Iz—ala-s 2-4|z-5’z-6 xzaixz'lxzo xzellelxao x22|x2~ixzo 20 |2 |2-z|2‘»s 2-4 |2-s'2-e yzalyzl Iyzo yz;lyzn |yzo y22|y2l |y2°
' " T T 1 LB L N T
6 * I Bi le 'le I B4' Bs B B2 B3 Ba . Bs
@ x22|x2- |x20 xzelxallxzo xze|x2-|xzo xzel'x.al|x2° xzzixal|x20 yzzlyzl Iyzo yzzlyal ]yzo yzz]yz- |yzo yzz|y2| |y2° y22 |y21 |y2°
¥ T T u T 1 ALl ! | ! T I
- Y Do As' ‘Ae o DI D2 | as Ae Ci
xez|x2! x20fx22|%2! | x20fx22|%2! | x20] % 22| X 2! | X 20f % 22| %21 | X29) y2z|y2! |y2ofyez|yer [y2ofy22|y2r |y20 |y2z| y2i |y2o ly2z | y2! |y20
| 2] ] %2 %] 2] 2] il ] 1]
NOTE:
% INDICATES CONTROL BIT, AS FOLLOWS: )
NAME WORD POSITION | CONTENT MEANING
@ TRACK/INFO BIT ‘ 0 LS ] TD TABULAR TRACK MESSAGE
1 TD TABULAR INFORMATION MESSAGE
@ TABULAR/VECTOR BIT 0 RS 0 TD TABULAR MESSAGE
(COMPARE WITH TD VECTOR MESSAGE)
@ DISPLAY BIT 2 L5 0 SUPPRESS DISPLAY OF MESSAGE
1 DISPLAY MESSAGE
@ LIGHT GUN BIT 6 LS 0 PERMIT USE OF LIGHT GUN
1 PROHIBIT USE OF LIGHT GUN
@ POSITION BIT 7 LS 0 FORMAT LEFT OR RIGHT OF CENTRAL POINT
1 FORMAT ABOVE OR BELOW CENTRAL POINT

Figure 4-32.
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WORD BIT POSITIONS
" |is I u [Lz [Ls | L4|L5 |Ls[|.7 ILa |L9 | LIOILII qu'ua ILI4ILIS]RS | RI |R2|R3 ]R4IR5 |R6 |R7|R8 |R9|R|0|R|||R|2]R|31R|4|R|5
T T T T T T T T T T T T T T T T
o Gi Gz G3 Ga * Gi G2 G3 Ga /
x22|lel'x.2° x22|'x,2||x2° xzallel'x.zo x22|x2'|x2° ® yza'yz- |p2e yzzlyzn |yzo yez|ver |y2o vez|var |yao
T T T Y y T u L T T T R 1 I I ! v '
I Xi Xi Yi |
20 l2-~l2-2| a-sl 2-4| 2-s 2-6] 2~1| 2—s| 29 20 Iz-vlz-ZI 2-3] 2-4| 2-s] 20 I 2- | 2f| 2~3|2—4 |2—5 z-6|a-7 2-e|2-9 2-1’2-2'2-3 -a | 2+
T T T T T T v T T LI T T T ) T T T y T
o CATEGORY DAB &
2'4|25 22 2"20@l‘2|3|4|5|6|7I8I9]IOIII|I2||3|I4 I5|l€||7|l8|ls'20\2||22|23|24|25|26
T 1 I T T T 1 T ‘J T T ¥ T T T T
3 DAB “¥
27 lza[zs'soisn |32|33|34 |35 135!37|3e|39|4o |4| |42143 |44|45|4s!47 |4s |49]5o|5n '52)53 l54’55156 ’57 lss
T T T T T T T T T T T - y T T T T T T T T T
. DAB “:
59|60 |61 |62163 |64]65|66 *67[68 69|70 |7| |72 |73]74 75‘76!77'78 }79 Iaolel |82 |83 |84 85|36|e7lea lsg ]90
T y y y y T T . | T T T T - T T T T T y L
5 X2 X2 Yz Y
20 | 2 |2*2|2-3|2-4 lz-s 26 - |2—s 20 |2- Lz 2- 5| 20 I 2 2—2| 23 /z4lz~5 I 26 2-7‘ 2-81 29} 20 21‘ 2—2‘ 23| 274/ 273
T T T 1 T T T ! . L U L L2 1 T T T T I I T T Te | I
6 X3 Y3 3
20 | 271 2~2|2-=]2-412-5 2-6|2-7 2-8|2~s 20 |2l |22 2-3|24125 2°|2~'l2-2|2-3|2-4lz-5 26|27 2-8'2-9 20 {27 |2—2 23 la-a|2~5
T T T Y T T T T T T 1 ) T ) v T P
7 Xa Ya Ya
20 | 24 l 22 I 23 | 24|25 g—s| 27 I 2-8|2-9 : lg-z ngz—«aj 2-5f 20 |2-| | 2-2 | 2-3]2-4 I 2-5 l 2-6| 27|28 ‘ 2-9f 20 I 2-1 l 22|23 l 2-4 Iz—s
NOTE:
% INDICATES CONTROL BIT, AS FOLLOWS:
NAME WORD | POSITION | CONTENT MEANING
(D TABULAR/VECTOR BIT 0 RS 1 TD VECTOR MESSAGE
(COMPARE WITH TD TABULAR MESSAGE)
(@ DrspLAY BIT 2 L5 0 SUPPRESS MESSAGE
1 DISPLAY MESSAGE

Figure 4—33. TD Vector Message Drum Layout

BIT POSITIONS

LS| Ll iLZlL3[L4[L5|L6]L7 |LB|L9]LIO|L14 LISIRSI RI IRZIRZ:

R4IR5IR6|R7 IRB IRSIRIO

! | i ! | [ ¥ [ |

I 1 I | 1 I 1 U |

*
20 | 27 l ;grzl 2-3j z-4| 2-5[ 2‘5| 2-7] z-el 2-9[ 2-10 @ @ 20 lg-l | 2-2 lg-a I 2-4 2-5' 2-e| 2-7I 28| 279 I 210
NOTE:
*INDICATES CONTROL BIT, AS FOLLOWS:
NAME POSITION | CONTENT MEANING
(D) sourcEBIT | L4 0 IDENTITY O
1 IDENTITY |
(® starus BIT L15 1 CORRELATED DATA
0 UNCORRELATED DATA

THESE CONTROL BITS PROVIDE FOUR CLASSIFICATIONS OF RD MESSAGES. FURTHER
CLASSIFICATION INTO THE EIGHT RD CATEGORIES IS ACCOMPLISHED BY THE

RD - BRIGHT AND RD-DIM SIGNALS.

Figure 4—34. RD Message Drum Layout

24 bits of an RD message are laid out in a register
as shown in figure 4—34. The first 11 bits contain the
message’s X co-ordinates. The next bit is the source
bit. If it is a 1, the source is identity-1 type radar; if it
is a 0, the source is the identity-0 type radar. The status
bit follows the source bit, and contains a 1 if the mes-
sage is correlated, or a 0 if the message is uncorrelated
with the other radar data. The final 11 bits contain the
Y co-ordinate. Those radar returns coincident with the
radar scans are displayed brightly in illumination. Pre-
vious radar scans are dimly displayed. These signals are

controlled by the intensification signal sent by the Drum
System from the field containing the message. The in-
tensification signal, in turn, is determined by the posi-
tion of that field with respect to the field being written
on by the Central Computer System.

Empty registers containing no X, Y bits corre-
spond to a message with 0, 0 co-ordinates. If the CRT
were intensified for empty registers, the center phos-
phors of the viewing screen would burn out. To prevent
this, should the X co-ordinate of any message be 0, the
message would not be displayed.
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InputS to SDGE
1.1-141

CHAPTER 4
SITUATION DISPLAY GENERATOR ELEMENT

SECTION 1
SCOPE

1.1 OBJECTIVE

The SDGE contains the necessary circuits to accept
messages from the Drum System or during required
tests from the DTE and present these messages for per-
sonnel observation on the SDIE. The SDGE presents
the messages on the SDIE’s by routing timing and con-
trol signals which originated in the system. The mes-
sages contain information” which has to be routed to
separate sections so proper sequencing can take place.
The SDGE also supplies the target co-ordinates for light
gun and area discriminator inquiries directed to the
Central Computer.

1.2 INPUTS TO THE SDGE

The major inputs to the SDGE are from the Drum
System. These are the information and control signals
from the drum and the timing and control signals from
the drum control circuits. In addition to inputs from
the Drum System, the SDGE:receives inputs to a minor
degree from the MI element, the duplex maintenance
console of the Central Computer System, and the DTE
during test.

1.2.1 Information and Control Signals from
the Drum ‘

The messages, which are to be presented by the
SDGE, are stored on the drum as 1 or 0 bits. The num-
ber of bits, which make up a register, are different for
TD and RD messages. Track data messages are stored
on six fields of the TD drum. Each TD message is
stored on eight consecutive 32-bit drum registers. Each
register is referred to as a word of the message. A
group of eight registers that contains a TD message 