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I General Information

A. Function of Situation Display Elements

1.

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 situation or selected portions of it.
Information pertaining to radar tracks, flight plans,
geographical boundaries and locations, weapons,
sites, etc., appear on the viewing screen of special
CRT's as letters, numbers, vectors, 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
desription information. .

B. SD Im".ormation

l.

The SD element receives its information in the form
of binary words from the Central Computer System
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 System 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.in the AN/FSQ-7. To read all of the
TD drum requires 1. 6 seconds; to read all of the RD
drum requires 1 second. In the AN/FSQ-8, there is

no RD drum and a TD drum is substituted for it.

Hence in the AN/FSQ-8, an SD cycle is 3. 2 seconds.
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$D CATHODE -RAY TUBE

NOTE:
SYMBOLS IN RD MESSAGES WHICH APPEAR LARGER THAN
NORMAL ARE SHOWN IN THIS MANNER YO INDICATE THAT
THEY ARE OISPLAYED BRIGHTLY.

Figure 1-27. Representative Situation Display
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C. SD Message Presentation

1‘

The types of messages displayed by the SD element
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 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 cities, aircraft, airports, and missile
or antiaircraft bases.

D. Situation Display Elements

1.

The SD elements contain the SDGE and the SDIE.

The SDGE is a duplex element that receives digital

information signals from the Drum System and
converts them into voltages that can be'used by the
SDIE. This element also receives the tilming and
control signals from the Drum System.

sP|s SPIE’s
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 equipment that contains the SD CRT
and its associated circuits. 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
characters in the pattern, place the characters

in the proper pattern, and then orient the pattern
in the correct position 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.

0030

Refer Fig. 1-27
Page 0020

*Not applicable
to AN/FSQ-8

SDIS = Any SD
Console

SDIE - All SD
‘Consoles taken
as 1 logical
block.
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CHARACTER
. SITUATIOGN ____SELECTION —» SITUATION
. DISPLAY AND | opisPLAY
. > GENERATOR POSITIONING INDICATOR
" ELEMENT SIGNALS ELEMENT
(SDGE) : (SDIE)
CONTROL — -
SIGNALS

FIGURE [-32 SD ELEMENTS, BLOCK DIAGRAM

E. SD Signal Flow and Timing

10

TD

DRUM

RD
DRUM

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 the displayed,
along with timing pulses, WOW pulses, and other
control signals.

The generator converts these binary signals into

the necessary digital and analog voltages., These
voltages are distributed to the various consoles.

by the cables and distribution boxes of the distribution
element. Althouygh all signals are wired through

all boxes, only those signals necessary to a specific
console's tactical assignment are wired in to that
console. ‘

DB

BOXES

*NOT APPLICABLE TO AN F§Q-8,
PART OF AN FSQ-7 ONLY.

FIGURE 1-33 SD ELEMENT, FUNCTIONAL BLOCK DIAGRAM
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F. SDIS Selection

1.

Fach 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 condition 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.

Message Categories (CATS) - Each TD message is
assigned one of 32 CAT numbers on the basis of
source, subject, tactical significance, etc. This
assignment is made by the Central Computer, when the
message is made up and sent to the display system.

There are 8 RD CATS which are made up in the display
system to identify the means whereby the radar return
was detected.

Display Assignment Bit (DAB) - The Central Computer
can assign any one of 90 DAB's to each message when
it wishes to communicate with individual display consoles.

It is by means of CAT and DAB signals that a console can
be selected to display a particular message. This display
of different CAT's or DAB's are controlled by 15 switches
at the console. With the use these switches, the console
operator may select all or some of the signals assigned
to that SDIS. This is dore to give the operator partial
control over the messages that are displayed.

Some CAT or DAB messages are not sent through a switch
so that the operator has no control over their display.
These are called forced displays and will always be
displayed at the SDIS regardless of what action the operator
takes at the controls,
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Correlation between CAT's and DAB's - CAT signals are

a means whereby central computer can communicate with a
group of display consoles while a DAB signal is usually
sent to one console. This means of selecting consoles is
similar to talking to a group of persons on a party line

as compared to conversation on a private telephone line.

Relationship of SDIE to Display System, Drum System, Note: Refer to
Computer System, and Input System. Fig. 1 page0060

1.

Computer System

a, Computes radar information and composes messages
for TD and RD Drums.

Drum System (TD and RD Drums).
a. Receives messages from computer.
b. Information read from Drums at set rate.
1. Read one message and allow time for
message to be displayed before reading
next message.
2. Messages sent to SDGE.
S.D.G. E,
a. Receives messages from TD and RD Drums.
b. Stores message.
c. Processes message.

d. Generate signals necessary to display message.

e. Signals sent to SD Consoles by way of Signal
Distribution Elem ent.

SD Console

a. Contains SD Tube capaBle of displaying characters
and vectors,
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b. 'Contains circuitry to furnish necessary voltages
for tube operation, and provide means of aligning
SD Tube.

c. Contains controls allowing message selection and
area selection.

Input System (Manual Data Inputs)

a. Means of communicating with the computer from
a display console.

b. Request information or action Info is inserted in
Keyboards at SD Console. This information is sent
to MDI Direct Eatry. ’

c. Info from MDI Direct Entry sent to computer.

d. Info from MDI Drum Entry sent to MI Drum
and to computer.

H. Supporting Components of Display System. -

10

The SD, auxiliary, and Command Post consoles, and

‘the PRRE have some controls, indicators, and operating’

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. '

Audible Alarms and Warning Lights

a. 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

requiring 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.

0080
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3. SD Console

a.

Most of the SD CRT's in the Display System are in
SD consoles. The consoles are simplex with the
exception of certain consoles (as SEE ALLS and
others) associated with maintenance monitoring.
Most of the SD consoles include a DD CRT. In

addition, the SD consoles 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,

4, Auxiliary Console

a.

The majority of the DD CRT's in the Display
System are also in SD consoles, as stated
previously. Most of the remaining DD CRT's
are used in auxiliary consoles. 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 it.

5. Command Post Console

a.

The Command Post console provides operating
positions for command personnel and staff.

These personnel are continuously informed of

the tactical situation in the air-defense sector

by digital displays, warning lights, and a situation
display that is projected on a large screen above
and behind the Command Post console, As the
information is evaluated, the personnel direct
certain courses of action, using manual inputs
located at the console.

6. Communications Equipment

a.

Telephone and radio communication equipment
is provided at many SD and AUX consoles as a
part of the tactical telephone system.

0090
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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 telephone/radio
module consists of 18-circuit pushbuttons and 4
special function keys. When additional facilities are
required, a special telephone module containing
additional 6-circuit pushbuttons is employed. In
addition to the telephone panels, consoles equipped
for telephone or radio service are provided with
an illuminated telephone dial and an operator's
headset or handset.

7. Photographic Recorder-Reproducer Element (Kelvin - Hughes)

a.

The PRRE receives the output of the SDGE, converts
it for presentation on the 7-inch SD CRT, photo-
graphs the viewing screen, and then projects the
processed 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 the SDIS. The photographic recorder-reproducer
is essentially a camera which automatically records
the situation display on 35-mm film, develops,
reverses the image, and automatically projects

this image for evaluation by command personnel.

A new display is recorded and reproduced every

30 seconds. :

8. Situation Display Camera Element

a.

The SDCE makes a permanent 35-mm photographic
record of situation displays. The records are used
for tactical 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. ‘
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b. 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 specifically modified to
accommodate the camera and the control circuits.

c. In addition to making permanent records of
displays generated by the active computer, the
SDCE records the results of maintenance pro-
grams without interrupting the standby computer.

9. Display Tester Element

a. The DTE is employed in tesfing the digital and
situation display generator and indicator elements
independently of the Drum System. Figure 1-34
illustrates the interconnections of the elements
with the DTE. The DTE has provisions for
inserting a test message into the SDGE or DDGE
for subsequent display on the SDIE or DDIE.

DRUM SITUATION SITUATION
SYSTEM DISPLAY DISPLAY
P GENERATOR —» INDICATOR

ELEMENT ELEMENT

DIGITAL m
DISPLAY DISPLAY DISPLAY
TESTER GENERATOR INDICATOR
ELEMENT ELEMENT N ELEMENT
————

FIGURE [-34 DISPLAY TESTER AND DRUM SYSTEM RELATIONSHIP TO
DISPLAY SYSTEM,

10. Distribution Element

a. The signal distribution element distributes
outputs from the SDGE and DDGE to their
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respective indicators (SDIS and DDIS). In
addition to distributing the outputs of the
display generators, the signal distribution
element also routes the light gun signals
and warning light signals. The light gun
and warning light signals are associated
with the MI elcinent and Warning Light
System respectively.

Distribution Boxes

1. The distribution box serves the function
of making signals generated by the display
generator elements available to all SD,
PRRE, and auxiliary console located
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 distribution system.

2. Each box is electrically independent of the
other. One section receives and distributes
signals from the A display generator elements;
the other section receives and distributes
signals from the B display generator elements.

Signal Data Patching Panel

1. The signal data patching panel enables the
operator 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 associated
consoles. The patching panel is located
next to the (SEE ALL) SD console, one for
each computer. : :

2. The patching panels and associated consoles
are basically maintenance devices and can
be used to monitor the displays that should
be present on any SD or DD CRT. The signal
data patching panels are part of the signal
distribution element.

0120
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J. Summary Questions:

1.

. What are the two major types of display messages

produced in the S. D, System?
[}

How does the console identify what message it
will display?

How is it possible to deselect a message that has
been assigned to a S.D. Console.

What is the purpose of the Display Tester and
when is it possible to use it?

0130
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SD Tube Theory

A. General Information

1.

The SD CRT is a character-display type of crt that
wag specifically designed to display characters in
an SD message format.

Figure 2-4 shows two distinct structural sizes of
SD CRT's. The larger (19 inch) CRT is made in
two types for the Display systern. Both types are
identical, physically and electrically; the sole
difference :eing in the type of phosphor used.

For SD camera application, the phosphor is

P11 while the standard display consoles use Pl4
phosphor.

The smaller (7 inch) CRT is used for photographic
purposes in the Kelvin Hughes projector and hence
uses a Pll phosphor also.

Figure 2-6 is a schematic representation of the
19 inch CRT. The tube primarily contains an
electron gun, character selection plates, matrix,
convergence coil, character position and
compensaticn plates and a deflection coil. With
the exception of the convergence and deflection
coils, the elements are contained within the
evacuated tube.

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
figure 2-29, the path of a hypothetical electron
can be followed. :

The électron stream from the gun is deflected
both vertically and horizontally to direct the
beam to the selected character in the matrix.
The matrix (fig. 2-8), 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 by the character matrix

0140

Fig. 2-4
Page 0150

Fig. 2-6
Page 0170

~

Fig. 2-29
Page 0160
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Figure 2—4. SD CRT Dimensio
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CHARACTER ~FORMING
MATRIX

MESSAGE POSITIONING
DEFLECTION COL

VIEWING SCREEN
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Figure 2—8. SD Matrix Array With Binary
’ Addresses.

ia‘yun 2~9. Convergent and Rotational Effect of
Convergence Coll on Electron Beam
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in the shape of the character selected. Figure 2-8 Fig. 2-8
is a greatly enlarged section of the character matrix. Page 0150
The stenciled beam of electrons now is headed toward

the character position and compensation plates, but

. its path is affected by the magnetic field of the con-

vergence coil.

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

a. The effect of the rsonvergence 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 show: the effect of the convergence Refer:
coil on the character-formed electron beam. Fig.2-9
Page 0160

b. 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 selection plates
and,  with the deflection trim coil, effectively
isolates the convergence coil field from affecting
the character selection, and character positioning
and compensation plates. Similarly, the deflection
trim coil individually neutralizes the field effect on
the déflection plates and, with the selection trim
coil, isolates the other elements from the convergence
field effect.

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

the message.

The electron beam, now a properly positioned
character in a message format, is impinged on the
selected 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 dis-
played. The deflection currents energizing the coil
are held constant until all the characters in a mes-
gaoe have heen disnlaved.
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8. 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 similar to the typical display show in

figure 1-27 can appear on the viewing side of the
CRT face plate.

9. Table 2-1 lists the functional des.criptions of the
SD CRT elements for displaying a character and

a vector.

Page (020

Refer to
Table 2-1

TABLE 2-1. SD CRT FUNCTIONAL REQUIREMENTS AND ASSOCIATED TUBE

ELEMENTS

FUNCTIONAL REQUIREMENTS

Character Display

Vector Display

SD CRT Element

. Generate an electron

beam.

. Defocus the beam.

. Intensify (bright or dim)

the beam.

. Accelerate the beam.

. Aim the beam at a

character.

. Form the beam in the

shape of the character.

. Spiral the beam through

90 (450) degrees and
make it intersect the
longitudinal axis of the
SD CRT.

. Cancel deflection applied

in No. 5, above.

Generate an electron

Focus the beam

Intensify (bright or dim)
the beam.

Accelerate the beam.

Aim the beam through
the vector aperature.

Pass focused beam
unchanged.

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

Cancel deflection applied
in No.. 5, above.

Electron gun

Anode 1

Control grid

Anode 2

Character selection
plates. .

Matrix

Convergence coil.

Refer Fig. 127
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TABLE 2-1. SD CR-T FUNCTIONAL REQUIREMENTS AND ASSOCIATED TUBE
ELEMENTS . .

FUNCTIONAL REQUIREMENTS

No. Character Display Vector Display SD CRT Element
9. Position character-formed Position the pinpoint- One set of character
beam in the required focused beam in the compensation, charac-
location in the message required location in ter position, and vector
format. message format. generation plates.
10. —_ Sweep the beam in a —_

given direction
through a given

distance.
11. Position the message on . Position the message Deflection yoke.
the face of the SD CRT. on the face of the
' SD CRT.

B. Detailed Operation of 19 inch SD CRT

1. Electron Beam Generation - The electron beam is
generated by the electron gun,

a. 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 coirncident with the
axis of the tube. Electrons leave th: .=ated
cathode in random directir'.s, but mosi of
them are converged toward the axis of the
tube Ly the action of the electric field
between the cathode and the control grid.



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 become 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 "¢
the first and second anodes. By »djusting
either of these two voltages, the point of
convergency may be changed. Focus is
usually controlled by adjusting the first-

anode voltage.

A defocus gate applied to anode 1 super-imposes

a positive voltage level on the fixed focus potential.
This changes the focal effect of the electron lens
to broaden the beam (increase its cross-section
area).

The heater voltage is supplied from a trans- R efer Fig
former winding of the high-voltage unit, Page 0220
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, 300 V by an
intensity control in aHVU.) The bias on the
control grid is sufficient 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. Anode 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

0210
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potential on anode 1 is adjusted to a fixed voita.ge

between —2, 700 and —2, 300V) by the setting of

a focus control in aHVU. The resultant electro-
static 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 defocus gate is used to
vary the cross-sectional area of the electron

beam.

SELECTED LEVELS

G220

APPLIED ONE AT A ——4#| VARIABLE SlIAS AND
TIME TO PRODUCEA ~— % GATE INTENSITY GATE
BRIG-T OR DIM _ —& AMPLIFIER TO CONTROL
CHARACTEROR A —e| (aVGA) GRID
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POINT 445 TO
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i UNIT »
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‘ }
e
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i POWER
120VAC SUPPLY
(cHVP) -3450V

FIGURE 2-11. ELECTRON GUN, CONTROL AND SUPPLY VOLTAGES,

BLOCK DIAGRAM



The potentials applie? to thz 2lements of the
electron gun determine the characteristics
(blanked and unblanked, intensity, and cross-
sectional area) of the electron beam.

2. Character Selection

a.

The character selection plates of the SD, CRT,
in association with the mafrix, select a
specific character for display. The foliowing
theory of character selection operation
explains the method of deflection and the
origin of deflection voltage. Figurz 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
proceeding. In figure 2-13, the horizontal
selection decoder feeds the vertical character
selection plates. This would appear to be an
obvious error, but the effect of the convergence
coil on the path of the electron beam makes this
necessary. The electron beam rotates 90 degrees
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 interchanging the X and Y axis.

For this reason, X Axis selection voltages must
be applied to the vertical selection plates.
Similarly, the Y-axis selection voltages must be
applied to the horizontal seclection plates.

The character selection plates generate electro-
static-de 1:cting fields as a function of analog
voltages. An electron beam passing through
such a field is deflected in the direction of the
more positive plate. Thc¢ =zam deflection is
proportional to the voltage differential applied
to theplates (forward velocity is assumed
constant,) Figure 2-12 shows the path of an
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Refer Fig. 2-12
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Refer. Fig. 2-13
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3.

electron beam under 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 then plates D and R, respectively.
By the application of appropriate voltages to the
deflection plates, the electron beam is accurately
"rected to any selected point on the reference
pla.... .as is physically the case, the character
matrix.

0240

The character selection voltages are generated in the
SDGE (figure 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 pacxaged as a

single unit and designated as the 6 bit binary decode s

There are eight combinations of binary levels ior
each axis As a result of these inputs the binaiy
decoder produces an analog voltage output at one of
eight possible correspanding levels. Each level
corresponds to a row (X axis) or column (Y axis)
in the character matrix. These analog levels are

fed to the ana.log driver which drives the corresponding

selection-centering and amplitude-control circuits,

The control circuits are tied to their respective character-

selection plates as indicated in figure 2-13.

Electron Beam Shaping

a.

As described in the introduction (par. 1.1 of this
part), the electron beam is formed and shaped
as a stenciling of the particular-character cutout
in the matrix (fig. 2-15). There are 63 such
characters in an equidistant format of eig.t
columns and eizht rows. There is a blank space
for the missing 64th character to permit space-
blank presentation in a message format. The
size of the characters in the matrix is about 1/10

Refer Fig. 2-15
Paze 0270
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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.

b. Besides the character representation, anotaer
important factor in the formation of the beam is
its cross-sectional area. The area of the beam
must be greater than the cutout area in the matrix
for full character selection.

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

4, Electron Beam Convergence

a. 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 convergence coil is used to counteract Refer Fig. 2-16
the effect of the character-selection plates on the ‘Page 0270
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 converence coil's magnetic field can be
followed., from left to right.

b. 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 obviously 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 effected 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 converzence coil.
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Figure 2-17 shows the convergence effect of the . Refer Fig. ¢-17
magnetic field caused by the convergence coil. Page 0290
The heavy lines, running from left to right,
L} .
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 convergence
force of the field on the electron beam is proportional
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 interest 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

sideward and inward (convergent) force on a beam. .

Figure 2-9 shows the combined effects of these l;:;e: gsgo 2-18
forces on an electron beam stenciled by the character
W. The angle formed by the electron beam and the
longitudinal axis of the SD CRT (after the beam
leaves the magnetic field) is identical with the angle
of deflection imparted 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
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 madel A convergence
current regulator (aCCR) controls convergence coil
current to prevent any variation.

The model A high-voltage unit provides a correction
voltage of -300V. This variation is proportional to
accelerating voltage variations. . The aCCR output
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current is a function of this correction voltage
variation and compensates for electron beam
velocity variations. Thus, if the beam speeads

. up, the magnetic field is strengthened. If the -
beam slows down, the magnetic field is weakened.
Nominal magnetic field strength is set by mcans -
of the convergence current controls. These
controls have the greatest influence on bea.n
rotation and point of Convergence. Final adjustments
are made with the selection and deflection trim
adjustments.

The selection trim coil serves two functions. It
isolates the selection plates from the convergence
coil magnetic field and permits precise adjustment

of rotation within a range of approximately 4 degrees.
The deflection trim coil also serves a dual purpose.

It enables precise control of the point of convergence
within the area of compensation and positioning plates,
and isolates the convergence coil magnetic field from
these plates. '

Character Compensation and Positioning

a. After leaving the convergence coil area, the electron
beam passes between the comperisation and positioning
deflection plates. The method of deflection is the
same as that discussed in paragraph II B2. Figure
2-19 shows the approximate location of the character
compensation and positioning plates within the tube
envelope. '

b. 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
respective decoder in the SDGE. The analog voltages
are fed through the model A high-voltage unit (aHVU)
to deflection plates of the SD CRT by the respective
analog drivers (ALD). The compensation voltages
are the character selection voltages with reversed
polarity, which nullify the character selection’
deflection and make the electron beam coincident
with the longitudinal 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 witain

0300

Refer Fig. 2-19
Page 0310

Refer Fig. 2-20
Page J310



0310

MU METAL

HELICAL
SHIELD ACCELERATOR

con
ADJUSTER

ELECTRON
GUN
CHARACTER SELECTION
PLATES

CHARACTER MATRIX
CONVERGENCE .
coiL

DEFLECTION
coiL’

CHARACTER POSITIONING
AND COMPENSATION PLATES

ISPLAYED
gHARAGTER

Figure 2—19. 19-Inch SD CRT, Cutaway View

SDGE | aHVU aHVU | SD CRT
INPUT | . I
POSITION AND
COMPENSATION CHARACTER
. HORIZONTA ANALOG
_'BINARY CHAR:cNTEI:- LINE l POSITION I HORIZONTAL
VOLTAGES =t CENTERING - CHARACTER
POSITION ORIVER
(X - AXIS) DECODER ' AND AMPLITUDE POSITION
CONTROLS’ PLATES
(ALD)
| (X- AXIS) I :
VECTOR
SENSE AND |
MAGNITUDE l
BINARY i HORIZONTAL
VOLTAGES ————————»{ VECTOR : |
(X- AXIS) GENERATOR '
INPUT . l |
POSITION AND
COMPENSATION CHARACTER
VERTICAL T ANALOG
BINARY CHARACTER b LINE POSITION VERTICAL
VOLTAGES ————————" POSITION ) DRIVER I CENTERING I CHARACTER -
(Y - axIS) DECODER = ’ AND AMPLITUDE POSITION
. (ALD) | CONTROLS PLATES
5 [ (Y-AXIS) I
VECTOR I -
SENSE AND
MAGNITULE I -
BINARY VERTICAL l |
VOLTAGES —————1 VECTOR N I :
(Y- AXiS) GENERATOR |

Figure 2—20. Character Position, Compensation, and Vector Generation Control Circuits, Block Diagram



Displa.y S;ﬁ':.tem 0320

a message format. In effect, the compensation
and position plates straighten out the beam and
reposition it. .

6. Message Deflection

a. 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 2-2]1 shows the Refer Fig. 2-21
coil with one pair of deflection windings. The Page 0330
inset drawing shows the approximate location
of the coil around the neck of the tube envelope.
The coil js wound on a square form. There are
two windings. The black winding on the top and
botton sides of the coil is a contiruity hetween
the power supply and the deflection driver (DEF);
similarly, the white winding is continuous to the
control circuits.

b. 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 heck of
the SD CRT. The magnetic field strength is a function
of the magnitude of the électron flow. The polarity of -
the field is determined by the winding which carries
the greater electron flow.

c. Figure 2-22 illustrates the field-generating properties Refer Fig. 2-22
of the windings on one vertical side of the coil. The Page 0330
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 distinguish
between the two windings and their respective fieldg.

As shown, electronic flow in the solid-line winding
(Iz) 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
botton of bath vertical coil members. With I |
greater than I}, the solid-line magnetic field is the
stronger. An electron beam directed into the page



# WINDINGS ARE INTERRUPTED AT THIS POINT
FOR WLUSTRATIVE PURPOSES.

Figure 2—21. Deflection Coil, Horizontal

Windings, Simplified Drawing

===

+600V N

=
>~
>
~
~

ava

ava

<

PR

v

/4 \J

K
KR

7

.......................
-

e

-
-
~

L

Figure 2—22. Deflection Coil, Magnetic Field biagr‘am

TO RIGHT VERTICAL
COIL MEMBER
Ay

CROSSHATCHED AREA REPRESENTS
PORTION OF MAGNETIC FIELO
I'JLM.IIED FOR MESSAGE PCSITION-

DIRECTION OF FLUX LINES IS Fi
NORTH POLE TO SOUTH POLE.

FROM RIGHT
VERTICAL
COIL MEMBER
——t—
T2

!

L

TO DEFLECTION
ORIVER PLATES

0330



0340
Display System

d. Figure 2-23 is a block diagram of the circuits Refer Fig. 4-23
which are utilized in message-positioning. The Page 0350
10-bit binary decoder produces an analog voltage

. as a function 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 deflection
drivers and amplifiers maintain a linear relationship
between this analog voltage input and the currents
supplied to the windings in the deflection coil. Thus,
a direct relationship between digital-positioning information
and message-deflecting currents is established to permit
precise positioning (within 1/1024 increment of total
deflecting along either axis) of a message on the viewing
screen of the SD CRT.

7. Post-Acceleration Coating

a. The unconventional shape of the SD CRT, for a
Tound-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 illumination for their display, made this shape
optically desirable. In order to realize the required
amount of illumination, 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 canductive coating bands of the helix are
about 0. 050 inch in width, spaced 10 turns to th; inch.
The total length of the helix is approximately g 5 feet;
it has a total resistance of about 100 megohms;

b. 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,

—_—
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8, Screen Phosphors

2.

To convert the energy of the electron beam into
visible light, the area where the beam strikes
is coated with aphosphor material which emits
light when bombarded with electrons of
sufficiently high velocities. This phenomenon
is called fluorescence, The ~ontinuance of
light output, for a short time¢ :t2r bombardment
has ceased, is called phosphorescence, All
fluorescent materials are associated with a
characteristic relationship between tkc 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
»Fzsphor or mixture of phosphors used.

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

9, Persistence of Phosphors

2,

The persistence of the screen is generally
designated 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 photographed, as well as
observed directly, a phosphor having 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-ingch
SD CRT used in the PRR have P l} phosphors,
The other 19-inch SD CRT, although identical
in every other respect, has a P14 phosphor,
and is used in the SD consoles,

Phosphor-Pl1 Produces a brilliant actinic
spot of bluish fluorescence of
short persistence, Thais color
is effective for photographic
applications because of the
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sensitivity of the film emulsion
to blue light,

Phosphor-Pl4 A medium-long persistence -
cascadle (2-layer) screen,
During excitation by the electron
beam, the phosphor exhibits
purple fluorescence of short
persistence, After excitation, it
exhibits an orange phosphorescence
which persists a little over a
minute,

10, Character Display Summary

a.

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 plates,
Analog voltages applied to these plates deflect

the electron beam to a character on the character
matrix, The electron 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
character position plates bend the beam to coincide
with the longitudinal axis of the SD CRT., .
Simultaneously, analog-positioning voltages applied
to these plates deflect the electron beam to the
required position in the message format, The
electron beam next enters the deflection 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.

11, Vector Display Summary

a.

The procedure for producing a vector is summarized
in table 2-1, A discussion of the vector display
operation follows,
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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 4 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 discussion 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 adjustment permits Refer Fig.
unchanged passage of the electron beam through the character 2-15
matrix, Page 0270

The character selection plates deflect the electrom beam
into and through the vector aperture in the character

matrix. The convergence coil directs the beam at the

point of convergence between the character position and
compensation plates. Here, as in character display, the
beam is returned to the longitudinal axis of the SD CRT by
the application of analog voltages opposite in polarity to the
character selection analog voltages. Simultaneous with the
application of these correction 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.
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C. Operation of 7 Inch SD CRT

1. General

a.

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 cbpil, and

the addition- of an auxiliary focus coil. Figure

2-24 is a schematic representation of the 7 Refer Fig. 2-24
inch SD CRT symbol. ' Page 0350

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
coil, 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 faithful photographic recording, the
viewing screen phosphor emits a blue light to which

.photographic emulsions are sensitive. This P11 phosphor

is 4lso employed for the 19-inch SD CRT used in the
camera console.

With the exception of the differences already enumerated,

the 7-inch SD CRT is very much the same as the 19-inch

SD CRT. Therefore, for detailed operation, reference Refer Fig.
should be made to the 19-inch tubes. The following 2-7
discussions are limited to the differences only. Figure Page 0410
2-7 is a cutaway view of the 7-inch SD CRT, showing the

location of the character matrix and the focus coil.

2, Avxiliary Focus Coil

Q.

Tr.c object of this additional coil, as previously stated,
is Lo ensure sharp. - defined displays necessary for
reproduction. It :ioec this by realigning the electrons

divergimg Irom the bear) proper. These electrons would

normally be projected as blurred, indistinct images.,

:ith the aid of the auxiliary focus coil, the projecting
and deflected electrons are compelled to follow a path
t* at will malie them meet with the main body or beam
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of electrons that come into the focus coil field,

See figure 2-25, The size of this path is such Refer Fig. 2-25
that electrons which are far off the longitudinal Page 0410
~xis of the beam will come into the magnetic

Zield almost parallel to the axis, All electrons

will now be heading directly toward the cross

over poin: .v.'h the same velocity and at the same

time, If all ¢l.e electrons now require the same

length of time (o pass through the magnetic

field, they will nieet at a common point. If i..e

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. )

b, As is the case with the convergence coil, or any
device producing a magnetic field, a spiral
rotation is imparted to the electron beam by the
focus field, This is offset by an opposing field
produced by a bucking winding of the dual-
winding focus coil. Therefore, no additional
compensation. for rotation is necessary for the
focus-coil effect, .

3. Cha;acter Matrix Location

a. 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,

b. Ideal character-forming of the beam is
accomplished 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. character- Refer Fig. 2-16
stenciling, with minimum distortion, As shown Page 6270
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 electron beamis parallel
to the axis of the tube, It is at this point inthe
field that the character matrix in the 7-inch
SD CRT is located. The spiraling effect of the
convergence field imparts a 90-degree rotation
tothe cross-sectional area of the electron beam,
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Since the character matrix is located in
the center of this field, the beam is 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 imparting a
90-degree rotation to the emanating beam,
In the manufacture of the 7-inch tube, the
matrix is physicalfy counter -rotated to its
normal axis to offset the rotation of the
beam, so that the image is upright on the
viewing screen,

4, Convergence Coil

a.

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, 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 centering coil superimposed on the
convergence coil, This coil, in the form of a
quad pancake winding, is arrangeéd sothat the
field of one pair of coils willaffect 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 controdls
bring the beam up into reference as required,
The field strength adjustments of the vertical and

- horizontal centering coils are controlled from

the operating position of the PRRE unit,
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Summary Questions

1,

The character selection plates are used to:

A,

o

HoOow

Select desired character on matrix,
Return beam to axis of tube.

Rotate beam 90 degrees,

Provide post acceleration,

Blanks or unblanks electron beam.

(T or F) The vertical selection plates move the
electron beam horizontally,

Which one of the following CRT elements is a part of
the electron gun?

HoOow>

Helical band, -
Accelerating anode.
Matrix
Convergence coil
Trim coil,

For what purpose is the focusing anode used in the
charactron?

A,

M.U O W

Narrows electron beam when selecting a character on
matrix, i
Compensates for the rotation of the beam caused by
convergence coil, ‘

Receives the step voltages sent when displaying a
format,

Widens beam when selecting a character onthe matrix,
Blanks or unblanks the electron beam,
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III MESSAGE TYPES

A.

General information - All SD messages originate from the
RD and TD drum fields. An RD message consists of one RD
drum word (24 bits). During the RD portion of the SD cycle,
these messages are sent to the Display System at a 60 us
rate. TD messages require 8 TD drum words. During the
TD portion of an SD cycle, these messages occur at a 1040
us rate.

Radar messages - There are 9 RD drum fields. Eight of
these fields are used for display purposes while the ninth

is being written on by central computer. The fields that are
displayed are rotated with the one being written on. As an
example -

lst Cycle - Read fields 1-8; Write on 9
2nd Cycle - Read fields 2 - 9; Write on 1

. The last field read represents present radar information Refer:

and is_distinguished from the remaining 7 by being dis- Fig. 4-11
played bright. The 7 fields that are displayed dim repre- Page 0440
sent radar history. Hence the radar displays indicate the

age of a track in the AN/FSQ-7 system and might be used

to determine evasive manuevers of an aircraft.

There are 4 symbols that can be displayed bright or dim

which are associated with RD messages. These symbols Refer:

are selected from the SD matrix according to combinations Fig. 4-12
of L 14 & L 15 of the RD message. The symbols are used Page 0440
to indicate whether the radar return has been assigned a

track number (correlated or uncorrelated) and the means

by which the aircraft was detected ( MKX or search ). A

cross reference between the symbols and their meaning is

listed below: ‘

L 14 L.15 . Meaniigr

0 Uncorrelated; Search or Identity 0 Refer:

Fig. 4-12
1 - Correlated; Search or Identity 0 Page 0440
0 Uncorrelated; MKX or Identity 1

1 Correlated; MKX or Identity 1
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The remaining 22 bits of an RD message are used to
position the RD symbol on the face of the SD CRT.

An important fact to keep in mind concerning an RD
message. is that due to circuits in the SDGE, there
must be at least one '"'1'" bit in LS through L10 or it

is not possible to have a display. The reason for this
arrangement, is to prevent display of information from
an erased RD drum.

-

Track messages - There are 6 TD drum fields which
send messages to the SDGE for processing. These
messages are broken down into two types; tabular
(track or info) and vector messages.

. 1. Tabular track messages - The complete format

pattern of a TD tabul,a.‘r 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
position in the message. "

In this tabular track message format, each group

of characters bearing the same letter designation is
referred to as a feature. There are A, B, C, D,

and E features, each of which contains information

In addition, 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 f=atute.

The feature is significant in that it represents a
particular type of air-defense information. The
point feature represents the present location of an
aircraft. The A, B, C, and D features represent
other computer-resolved information about the air-
craft, such as track number, velocity, and altitude.
Although the vector is not a feature, its direction
indicates the direction of the aircraft and its length
indicates 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 cah display or suppress any of the five

features (A, B, C,D, and E) supplied to his console,

0470

Refer:
Fig. 4-5
Page 0440

Refer:
Programming
Data Card FED
299 for mes-
sage layout
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Message Displays

hgyu 4—9. TD Vector Message Display Format
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with the exception that both the A and F features
cannot be displayed simultaneously.

A vector ie started with its origiri f,at the point feature

. and i8 swept some distance in a direction determined

by the X and Y values of the vector. The direction
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. In any case, due to circuitry in the SDGE,

it is impossible for a vector to cross the characters

within the format. Message positioning in relation to
the vector is also determined by a position bit generated
by the computer. If this position bitis 0, the E

feature is positioned left or right of the other features.
Whether the E feature is positioned on the left or

right, then, depends on whether the X value of the
vector is positive 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 positive,

the E feature is placed above the rest of the features Refer:
(see bottom portion of figure 4-6). The sequence in Fig. 4-6
which the parts of the TD talular track message are Fig. 4-7
generated is shown in figure 4-7. ' Page 0460

D. TD .Tabular Information Message Display Format

1.

As indicated in figure 4-8, the TD tabular information Refer:
format is similar to that of the TD tabular track mes- Fig. 4-8
sage. There are, however, two distinct and impor- Page 0480
tant differences. First, this format is different because

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 track message.

E. TD Vector Message Display Format

1.

Figure 4-9 illustrates the format for the TD vector Refer:
message display. It shows the four vectors and . Fig. 4-9
the G character group. The four vectors are Page 0480

generated, and the character group is positioned in
relation to the fourth vector, '
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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
subscripts indicate the sequence in which the vectors
are generated. Subscript 1 designates the first vector, G6&
subscript 2 designated the second vector, etc. G D‘:"’o
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.

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 Refer:
possible positions of the G characters and lists the Fig. 4-10
corresponding X4 and Y4 values needed for each Page 0480
position.

Due i> circuitry in the SDGE it is impossible for the
fourt.h vector to cross the ""G'" characters in a vector
message.

TD Drum Word Layout (FED 299)

1.

Tabular track
a. WordO0:

1s: 0

L1 - L15 - X character selection of Al, A2,
A3, A4 and E

RS =0

Rl - R15 « Y character selection of Al, A2,
A3, A4and E

b. Ward 1l - used to position the message.

¢, Word2, 3 and 4 - used to bring up CAT and DAB
lines. ' :

d. Word5

= 8ign of the vector (X akis)
RS): sign of the vectar (Y axis)
.T-L6\: magnitude of the vector (X axis)
=R6 |- magnitude of the vector (Y axis) ‘
L7-L15 « X character selection of C2, C3 and C4
R7-R15 = Y character selection fo C2, C3 and C4

@@
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As an example, if LS of word 7 is a '"1",

the format will be positioned N or S. If

RS of word 5 is a "'1", this means the

.vector will sweep in a southerly direction
-and hence the format is positioned north

of the E feature.’ If RS of word 5 is a '"'0"
.the vector will sweep northerly and hence

the format is positioned to the south. When
LS of word 7 is a ''0", LS of word 5 is used
to determine whether the format will be
positioned east or west of the E feature. Hence
it should be observed that it is impossible for
the vector in a track message to sweep across
the characters in the format. '

X character selection for D1, D2, A5, A6 and Cl
Y character selection for D1, D2, A5, A6 and C1

L1-115
R1-R15

Tabular Info message - The layout of a drum message for
a tabular info message is the same as that for a tabular
track message and hence only the variations will be discussed.

a.

b.

Cq

Word 0 - LS =1

Word 5 - There is.no vector in a tabular info message
but bits LS and RS can be used in conjunction with LS
of word 7, to position the format N, S, E or W of the

"E feature.

Word 6 - has. no effect on a tabular info message

Vector message

a.

C.

Word 0

LS - no efféct

RS - lllll

L1-L12 = X character selection for Cl.~ G2, G3 and G4
R1-R12 = Y character selection for Gl, G2, G3 and G4
L13-15 and R13-15 - no effect

Words 1, 5, 6 and 7

LS - L9 = X positioning bits for vectors 1, 2, 3 and 4
RS - R9 = Y positioning bits for vectors 1, 2, 3, and 4
L10 = sign of vector (X axis) '

R10 = sign of vector (Y axis)

L11-L15 = magnitude of vector (X axis)

R11-R15 = magnitude of vecotr (Y axis)

Words 2,3 and 4 - Bring up CAT and DAB signals.
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R1-R6
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NOTE:

LS and RS are used to determine the quadrant the
vector will be swept in. L1-L6 and R1-Ré6 determine
the length of the vector. ' '

RS =0
'S
11 I
o— . - 1.5 =0
a1 v
‘?
RS =1
l Sy , LS=0&RS =0
(]
J i
111 111
Ll - Lé
Word 6

LS - determines whether a light gun can be fired
at the track message

RS - not used

L1-L15 = X character selection of Bl, B2, B3, B4’
and B5

R1-R15 = Y character selection of Bl, B2, B3, B4
and B5

Word 7

LS = determines whether the format will be
positioned north or south, east or west
‘of the E feature. This bit is used in
conjunction with LS and RS of word 5..
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Summary Questions

1.

2.

List the 4 message types used in SD,

What feature in a TD track message represents the
geographic position of the track?

How many symbols are in a RD message?

How is the latest:radar return.represented on the
SD CRT tube?

What is the max number of character presented on
the SD CRT in a TD track message?

0530
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IV  SITUATION DISPLAY CONSOLE

A. General Inforn.ation

1.

iro

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.

SDIS Inputs

a.

1)

2)

3)

All the inputs to the SDIE come from the SDGE,
either as information signals or control signals,
except for one line from MDIE.

The information signals consist of 34 signal lines
of X, Y digital voltages (d-c levels of £10 or -430V)
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 distributéd as d-c levels for
use in generation and selection of displays.

The foliowing three signals are provided to enable
SD CRT to display the SD message.

One line--An intensify signal during character or
vector display.

One line--A defocus signal during character
generation (except for point and vector generation

One line--A focus signal during vector generation

0540
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e. 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:

1) Seven lines--Features (to all consoles)

2) Thirty-one lines--track categories (including
one test category)

3) Ninety lines--DAB's

4) Up to 45 lines--Mixed TD category of DAB's
(supplementary drivers)

5) Two lines--Mix all categories; mix all DAB's .

f. Of the possible 188 DAB and CAT lines, a maximum
of 27 may be brought into any single console. All
remaining signals to the SD console are concerned
with the generation and positioning of the individual
message.

3. Situation Display CRT

a. 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 information
supplied is constantly redisplayed in a cyclic
manner to keep the SD CRT up to date with
the latest information being received by the
SD subsystem.

The complete operation of the SD CRT is
explained in Section II

B. - BASIC THEORY OF OPERATION

1. The SDIE is broken down into its logical functions. Refer Fig. 4-13
These functions are illustrated in figure 4-13. A Page 0560
more detailed discussion of each functional unit
in the block diagram will be later in lesson plan.

\ .
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2. 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 control signals. The information signals are of two
kinds, digital and analog. For instance, the character
selection and position signals are analog, while the
message positioning 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 displayed at a particular console.
Thus, the control signals within a message determine
whether the message can be displayed. at a particular
console. Thus, the control signals within a message
determine whether the information signals within the
message can be displayed.

3. . Character Selection

a. 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 thz selection plates deflect 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 ti.e desired
character. That portion of the beam which does
not pass through the matrix and passes off as a
matrix current.

4. Character Positioning and Compensation Plates

a. The second set of 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.
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These plates also compensate 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 plates come from two sets of potentiometers
which are set up in a push-pull arrangement 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.

5. Message Positioning

a.

Because of the great variety and quantity of
information which will be displayed on the SD
CRT, the individual console operator required
different expansion scales so that he may observe
enlarged displays of particular areas of interest.
For this purpose, OFF - CENTERING pushbuttons

- and an EXPANSION control are provided on the

front of the console.
Expansion Scales

1) 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.

2) If the X1 display is visualized with X and Y
axes superimposed on the face of this SD CRT,
all messages will be positioned with respect -
to the intersection of the two axes. This
positioning information is contained within
each message in the form of X- and Y-
positioning bits. When an X2 expansion is
being observed, the same SD CRT area is
used to display 1/2 the X-axis distance and
1/2 the Y-axis distance that is represented
by the X1 display. Thus, only 1/4 of the
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original geographic 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 1/4 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
selected at any one SD console. The three scales
selected are determined by how the expansion and
off -centering rotary switches (S71, 72, S73, and
S74), at the rear of each console. are positioned.
The 3-position EXPANSION 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, X4, or X8 in the EXPD position.
Provision for X1 is not made in the EXPD position
since off-centering is not possible in the X1
expansion. Therefore, the CNTD 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
character size or spacing between the characters
of a message 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 voltages. 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.
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Off-Centering

RY

2)

3)

4)

Expansion and off-centering rotary switches

(S71, S73, and S74) determine the off-centering
positions for CNTD and NORM displays. If, for
instance, the CNTD display is an X2 expansion,
the segment of the X1 display which will be viewed
when in the CNTD position will be independent of
operator control. The X1 segment will have been
selected by maintenance personnel by setting ‘
CONTRACT AREA switch S71.

The operator will, however, be able to select

a particular segment of the NORM display for

expanded viewing 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. Ref fig. 4-14

Page 0630
If the EXPD scale is four times that of 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, Refer fig. 4-15
shows a display wired so that X2 expansion Page 0600

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 EXPANSION 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, 1IJMN, KLOP, BCFG, JKNO, EFI1J,
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 Y1 are
despressed, and the EXPANSION control is
turned to EXPD. In this case, the EXPD
position displays a geographical area 1/4 the



5)

6)

Display System

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 covering
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. These switches or plugboards
also control the level of expansion to which a
particular console has access. The situation
display console operating controls are shown
in figure 4-14.

Expansion Relays

1)

The message positioning bits go first to the
expansion relays which are controlled by the
EXPANSION switch (S28). CONTRACTED AREA
switch (S71), SCALE switch (S72), NORMAL

AREA switches (S73 and S74), and OFF-CENTERING
buttons. Of the 26 positioning bits that come in,

13 are for X-axis positioning and 13 are for

Y-axis positioning. For any particular 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
accepts 10 bits for X and 10 bits for Y positioning),
where the digital voltages are converted into analog
voltages for use in the SD CRT. In addition, the
intensification signal is gated into intensification
unit 2. The gating of this signal in the intensification
unit is determined 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 intensified.

0620
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Ten-Bit Binary Decoder

1)

The function of the decoder is to convert the
digital 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 section
are 1, the analog output will be £150V, corresponding
to a message position on the extreme right side of
the tube. If all the input bits are 0, the analog
output will be £100V, 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 reference 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
simulator 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 Bfvoltage
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 inputs
(from decoder and decoder simulator). Thus,
any variation appearing on the decoder output
due to Bf 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.
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Deflection Amplifiers and Deflection Drivers

1)

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 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 amplification.

6. SDIS Selection

a.

There are great quantities of messages on the
air defense situation of the geographical area
covered by the AN/FSQ-7 and -8. These
messages would be too many in number to be
usefully displayed on the viewing screen of
any one SD CRT. For this reason, all SD
messages are classified in many ways so that
a given console receives only those messages
for which it has a tactical use,

Categories

1)

2)

One method used by the Central Computer

in differentiating 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 per-
forming 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) cannot be
selected at the front panel of the SD consoles.
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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 containiixg
0's in all five bit positions, is referred 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 L.14 and L15 of an RD
message and an RD-dim-RD-bright
signal.

Although all the information signals
(character selection, character position,
etc.) of a particular TD or RD message
arrive at every SD console, the message
will not be displayed on the SD CRT unless
the category bits of that message form a
combination that is assigned 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 position 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 position
(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.)

.

c. Display Assignment Bits

1)

In addition to selection by category, a
message can be selected by means of

a DAB. Each DAB has a permanent
relationship or assignment to one or

more consoles. 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. :
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There are two types of DAB messages;
forced and selected. A forced DAB
message is automatically displayed at
the assigned console; a selected DAB
message 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.

Mixed DAB's and CAT's

1)

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 accomplished either at

the SDGE or at the consoles, although

the 45 supplementary drivers, referred
to here, are obtained by mixing in the
SDGE.

DAB and CAT Inputs to Consoles

1)

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 .
console and is a function of the tactical
requirements of each individual console.

Feature Selection

1)

Feature selection (applicable only to TD
tabular track messages) enables the

operator to select portions 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 in-
tensified on the SD. CRT. When a feature

is selected by a feature switch, the feature
gate is transmitted to the intensification
circuits so that the SD CRT will be inten-
sified during the time of display of the feature.
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2) The feature switches are located in two
banks of four switches each at the upper
left corner of the console front panel.
Each bank functions independently of the
other and is associated with one of the
two ON positions 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 associated bank of
feature switches.

7. Intensification

a.

Message selection by means of CAT's and
DAB's, and feature selection and expansion
of the display are implemented by the in-
tensification circuits. Those messages (or
features of messages) which are not intended
for display at a particular console are sent
to the console, nevertheless; but they are
not intensified. Should the tactical require-
ments of a particular console change so that
the console requires a different category of
message (or different 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
expanded area being viewed are still brought to
the console. 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.

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

a) Intensification of selected features
(with intensification unit 2).
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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 intensification unit 2).

d) Application of a defocus gate to the
first anode of the SD CRT to defocus
the electron bean before it reaches
the character-forming matrix, for
all characters except point and
vector,

Intensification Unit 2

1) This unit functions with intensification unit
1 and four input gates to the SD console
to produce intensification of all points and
characters scheduled for display on the
particular console.

High-Voltage Power Supplies

a.

’

There are two high-voltagé 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 produces the supply voltages
for the cathode and control grid of the CRT.

The filament voltage for the CRT is obtained
from the high-voltage unit.

High-Voltage Units

a.

High-voltage unit, model A, supplies the SD CRT
circuits with most power requirements. Both
major signal and power needs are routed through
this unit.

.The functions of the model A high-voltage unit

are as follows:

1) Provides taps on the high-voltage supply
bleeder for the light-gun and area-discrim-
inator high-voltage requirements.
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2) Provides the input network for a convergence
current regulator that generates a voltage
proportional to SD CRT accelerating voltage,
by means of which the convergence coil
current is regulated.

3) Contains the amplitude adjustments for
horizontal and vertical centering controls
for character compensation and selection.

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

C. Detailed Theory of Operation
1. Input Signal Switch Relays
a. Purpose - Select Signals from Units 24A or 24B.
b. . Contrelled by Unit Status Switch
c. Input Signals and their function

1) Deflection Bits - (34 Lines) - #10 or -30
volts.

a) LS-1thru L12-1, LS-0 thru L3-0
RS-1 thru R12-1, RS-0 thru R3-0

b) Determines positioning of messages on
tube.

c) Controls Intensification.
d) Wired to all SD Consoles.

2) Character Selection Signals (4 Lines) -
Analog Signal

a) {X, -X, #Y, -Y

b) Select Characters on matrix

\

c) Wired to all SD Consoles

3) Character Position Signals - (4 Lines) -
Analog Signal.
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a) {X, -X, Y, -Y, /X, -X, 4Y, -Y

b) Compensate for character selection.

6) Position characters within a message:

d) Vector positioning si’gnalbs to sweep vector.
e) Wired to all Sl; Consoles.

Category and D.A.B. Signals - (27 Lines) -
£10 or -30 volts.

a) Used to control display of various meésages.
b) All 27 Lines not necessarily used.

c) Category and D.A,B. Assignment varies
between consoles.

d) Signal at £10 volts for complete message.
Feature Signals (7 Lines) - £10 or -30 volts,
a) A, B, C, D, C, Point and Bypass features.

b) Used to control display of features within,
message.

c) Wii-ed to all SD Consoles.

d) Signal at £10 volts for display of res-
pective characters.

Intensity Gate Signal (1 line) - £10 or -30 volts,

a) Controls display of each feature wired to
all SD Consoles Signal at £10 volts for
display of each character.

Defocus Gate Signal (1 line) - £10 or -30 volts

a) Controls Beam width

b) Controls Beam intensity

c) Wired to all SD Consoles
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d) Signal at #10 volts for display of characters.
Signal at -30 volts for display of vectors and
point.

8) Focus Gate Signal (1 line) - {10 or -30 volts.

a) Controls Beam Intensity

b) Wired to all SD Consoles

c) Signal at {10 volts for display of vectors and
point.

9) Vector Intensity Signal (1 line) - analog signal
a; sontrols Beam Intensity for Vectors

b) Wired to all Consoles

2. Character Selection

a.

Characters are selected at the matrix by feeding

appropriate 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 analog
voltages. The analog voltages are fed to the character
selection plates through potentiometers in the high-voltage
unit. The potentiometers, labeled CHARACTER 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 CHARACTER CENTERING
potentiometers are adjusted, in practice, until the electron
beam is centered on the 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 selection. 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 voltages on
the platés in this instance are {70V and 420V (£45V
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plus 25V on one plate; 45V minus 25V on

the other). Intermediate deflections are
linear with a nominal 14. 5V difference

in potential 'being required to deflect the
electron beam horizontally for one character
space.

e. Similarly, an approximate 90V potential
between plates is required for full vertical
selection. The actual voltages on these
plates are, for full deflection, #90V (#45V
and £45V) and 0V (£45V and -45V). Intermediate
vertical deflections are also linear and require
nominal 25V differences in potential to deflect
the electron beam vertically for one character
space.

3. Character Compensation

a. The electron beam must be recentered in
order to compensate for the off-centering
caused by character selection. This is done
by feeding in character-spacing analog voltages
and character compensation analog voltages from
‘the SDGE. (The compensating voltages are opposite
in phase to the character selection voltages). The
compensation voltages are fed to the compensation
plates through potentiometers in the high voltage
unit which are similar to the CHARACTER SELECTION
potentiometers. These are labeled CHARACTER
COMPENSATION AMPLITUDE and CHARACTER
COMPENSATION CENTERING and are used to adjust
the compensation voltages so that, with no character-
positioning signals, the character appears on the center
of the SD CRT.

4. Switches
a. Category and DAB Switches
Refer Fig 4-14
(1) Fifteen Switches (3 position) Page .0630

(2) Determines what categories of messages
will be displayed.

(3) Wiring of CATS or DAB's to and from Switches
done at Category Plugboard.

b. Feature Switches
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(1) Two groups four each named FSS1 Group and
FSS2 Group.

(2) Used to select for deselect characters within
messages.

(3) Effects messages selected by category and
D.A.B. switches.

Bright-Dim Switches

(1) Two Switches - One with each group of
Feature Switches.

(2) Controls intensity of messages - Displayed
Bright or Dim.

(3) Does not affect all messages displayed.

(a) Particularly R.D. messages

. Expansion Switch

(1) Three Positions - Contracted, Normal,
Expanded. '

(2) Selects area to be displayed.

(3) Areas assgigned to consoles according to
operational responsibilities,

Off-Centering Pushbuttons

(1) Console can contain 14 (7X and 7Y) or
6 (3X and 3Y).

(2) Used to select expanded area.

(3) Effective when Expansion'Switch is in
Expanded Position only.

Unit Status Switch
(1) Five Position Switch

(a) Off - no voltage or signal applied to

circuits.
(b) A,C. - A.C. voltage from Standby For detailed Power

Power Supply applied to circuits. Sequencing See DDIE
: ‘Master Lesson Plan
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(c) PWR -D.C. and A.C. from Standby
Power Supply applied to circuits.

(d) Standby - D.C. and A.C. from Standby
Power Supply and Signal from Standby
Computer applied to circuits.

(e) Active - D.C. and A.C. from active
Power Supply and Signals from Active
Computer applied to circuits. '

5. CAT & DAB Plugboard Wiring

a,

Each SD console is located at a different

tactical station and each has its own specific
category and feature assignments. - In order

to provide a flexible means for connecting

the switches to the necessary signal lines, a
control panel (plugboard) has been provided

at the top of each console underneath the access
door. When this control panel has been properly
patched in, the console acquires the unique signal-
handling properties that distinguish it from the other
consoles in the Display System. This method also

0750

Refer Fig 4-17
Fig 4-18 Page

makes it relatively easy to change the switch assignments 0770

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 separate
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 columns,
staring 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.

CAT IN

(1) There are 27 jacks under the CAT IN label, corresponding
to the 27 CAT and DAB lines available at 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.

(2) The category gates that appear at each of these jacks have
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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.

d, CAT SW

(1) 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.

e. DIODE

(1)

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.

f. EXPD

(1)

(2)

These jacks (column 1) are connected to contacts

of 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
console.

g.- FEAT IN

(1) 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 Ul, thereby connecting the point feature
to the intensification circuits. Jack U3 is connected
to the spare feature line.
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FEAT SW

(1) The eight jacks in this group are used for
connecting the features at the input to the
"plugboard to the feature switches located
on the front panel of the console.

Output Jacks

(1) 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 remaining (unlabeled)
jacks are for convenience in patching.

Intensity Levels

(1) 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 appear dimly illuminated and some
will be relatively bright, The remainder can be
made dim or bright, according 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 messages.

(2) 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 corresponding BRIGHT -DIM switches on the
front panel.

(3) 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.

Patching Procedure .

(1) 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 appear 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 patching procedure
is to channel these inputs through the EXPANSION
and CATEGORY switches onto one of the four

0790

Refer Fig 4-19
Page 0780



(2)

(3)

(4)

(5)

Display System 0800

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 diagram.

The inputs to CAT IN jacks, F, U, and

T (T, D geography categories), are

assigned to CAT switch S15. However,
inputs F and U are functions of expansion
and are therefore patched to contacts 1b
and lc of section 1 of the EXPANSION
switch, before feeding S15. The expansion
levels for the three positions of the expansion
switch are noted at the bottom of the wiring
diagram. Input T is independent of the
expansion levels and 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 S13 through S6,
respectively. (S9 is not utilized). The
outputs of these switches in the FSSI
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 each of the FSS II positions
(contact c) are applied to the F'SS II output
line through isolation diodes 3, 6, 7, and9.

The inputs at jacks B, C, A, and C (radar
categories) are patched to CAT switches S4
through Sl, respectively. 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 S3 and .
section A of S4 are fed to diode 11; S1 and
section A of S2 are connected to diode 12.
The outputs of diode 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 F'SS I output line through
diode 5. The CAT 2 (all categories) is also

a forced display and is connected to the bright
line.



Display System 0810

(6) The patching information for the feature

assignments is not included in the CAT/ -
necessary information is provided with

each console; i.e., FEAT IN A is patched

to FEAT SW 16; B, to 21; 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 go to the intensification circuits.

All CAT and DAB signals which have been
routed to the dim line will produce dim
intensification 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
intensification 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 independent
of the feature switches.

6. Summary Questions

a. RD categories are selected by which of the following:

A. LS - L4 word 2

B. L6 - R15 word 2 & word 3 & word 4
C. LS - LL5 word 2

D. L14, L15

E. L14, L15, and bright or dim pulse

‘b. Answer True or False

1)

2)

3)

4)

5)

Categories and DABS may be mixed at the console.

Character Selection Signals appear at the console
on four lines.

Compensation plates are used only to compensate
for character selection, ard to positibn characters
within a-message.

The Helical Band is used to provide gradual acceleration.

The voltage potential between cathode and viewing screen
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of the SD Tube is approximately 12KV.

6) The electron beam of the SD Tube is always
defocused.

What is the function of the Signal Switch Relays?

What are the deflection bit lines used for in
Intensification Unit #27?

What is the function of the expansion relays?

0820
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Intensification

All consoles receive certain signals necessary for
intensification. Among these signals are an intensity
gate, focus and defocus gates. These signals by
themselves will not cause the SD CRT to be unblanked.
The signals which determine whether or not thé display
console will be intensified are the cat or dab lines and
the feature levels wired to the console. Since these
signals vary with different messages, it will become
necessary to analyze intensification for RD and TD
messages separately. Before observing how various
types of messages cause intensification, it will be
vital that a basic understanding of intensification units
1 and 2 and their correlation with CAT switches and
feature selection switches be obtained.

a. Intensification Unit 1 - Refer Fig. 4-20
. Paze 0840
(1) Feature Selection S“{itch Inputs

S16 ("A' feature) to J44 - B3
S17 ("'C'" feature) to J44 - B2
S18 (''D'" feature) to J44 - Bl
S19 ("E" feature) to J44 - B7
S21 ("B' feature) to J44 - C7
S22 ("'C" feature) to J44 - C5
S23 ("'D'" feature) to J44 - C1
S24 ("E" feature) to J44 - C6

(2) Cat ,Switéh Inputs

Cat switch to the left - CAT signal applied
to J44 - E6

Cat switch to the right - CAT signal applied
to J44 - ES5.

(3) Bypass feature - a direct input from the SDGE
that bypasses the feature selection switches.

(4) Cat signals and feature levels are combined
by means of AND 1 and 2 to provide an output
to the Bright or Dim line depending on the
position of S20 or S25. The bright and dim
lines are connected directly to intensification
Unit 2.

(5) cCF's are clamped at -30 volts and hence the
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E Feature (519 or 524) | E |=—50us

Point Feature (L.G. Only) _|PT|+50us
[]

i
Bypass Feature (Vector) [VIe—60us

100us  50uys SOus S50ys 50us

A Feature (516) |A| AZI |A3| |A4| |A5| |Ae| ,

. . S0ys SOys SOus SOus S5O0us
B Feature (S17 or $22) B1] [B2] JB3 4] [es

. 100ys
D Féature (S19 or $24) [or 02
. ‘ 200 us

C Feature (518 or 523) kircz cscq
AND 2 Output (FSS1) .
(CAT Swt. to Left) €| [varaz] [a3] [aq] [oip2"as] [ae] [cicacace

AND 1 Output (FS52)

(CAT Swt. to Right) € 82| Je3oipe| |B4| |BSC1C2C3IC4

<
-1l

NOTE 1: The output of AND 1 or 2 can be fed to the bright or dim lines
by means of the bright/dim switches (520 and §25).

Focus/Defocus Gate D
(Defocus = 37.5 us) i_ E HIRIE ‘; 2 ﬁ

Intensity Gate

Oufput of VGA 5 (28 us/CHARACTER
Catsm ot _A_VIRA_ AR h LLL

Output of VGA ss,

(CAT Swt. to Right) V ' B
] 2 192 |

NOTE 2: The Point Feature is shown in signal lines coming to Display
Consoles, only to show the reason for the 55 us Intensity signal
out of the VGA if a light gun trigger is not depressed. The
Point Feature Is only effective if the L. G. Trigger is depressed
with the effect of increasing the 55 us. Intensity gate from the
VGA to 75 us.

INTENSIFICATION OF A TRACK MESSAGE
Figure 4-20A
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output of the cCF is -30 when there is no
input. This is the condition when either
a cat switch or feature selection switch is
open.

b. Intensification Unit 2

(1) Receives inputs on the bright or dim lines, Refer Fig. 4-21
focus or defocus line and intensity line. The Page 0850
deflection bit inputs are used to intensify only

. those areas selected by a particular exgyansion

. scale. Since the effect of these deflection bits
on intensification will be explained later, it is
important to note the input at J45 - B2 is at £10
for X1 expansion. The remainder of this explanation
on intensification will be based on the assumption
that a display console is in X1 expansion and that
ORI and 2 are always conditioned.

(2) Because there is a bright and a dim line, it
can be seen that there must be a means of
controlling the intensity of characters and
vectors in a message. The circuit that controls
the intensification signal to the control grid of
the SD CRT is the aVGA. It has two inputs at
P45 ,- D6 and P45 - D8 that are signals from the
SDGE which will cause a long vector to be dis-
played as bright as a short vector. The remaining
four inputs are of particular interest to display
personnel as are their effects on intensification.
The following chart is a cross reference between
inputs and their effects on intensification for X1

expansion.
AND CRT Conditioned By Effect
6 Focus Gate Causes vectors to
Intensity Gate be displayed bright
. Bright Line
7 Defocus Gate Causes characters to
Intensity Gate be displayed bright
Bright Line
8 Focus Gate Causes vectors to
Intensity Gate be displayed dim
. Dim Line
9 Defocus Gate Causes characters to
Intensity Gate be displayed dim

Dim Line
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(3) The inverter in intensification Unit 2 is used
if a bright cat and dim dab or a dim cat and
bright dab come up simultaneously. In either
of these two cases, the bright signal takes
priority because by means of the inverter,
AND 10 becomes deconditioned and hence AND
8 and 9 are also deconditioned.

Intensification of a tabular track message - In Refer Fig. 4-20
order to intensify a track message, the console Page 0840
operator must either place his cat switch to the

left and use his FSS1 switches to select features

or place his cat switch to the right and use the

FSS2 switches. With the CAT switch closed,

category signals can be applied to intensification

Unit 1 at pins E5 or E6. This signal will be present

for almost the entire length of the TD message.

After the category signal comes up, the feature

levels are applied to Intensification Unit 1 in the

order shown in figure 4-20A, if the feature switches Refer Fig.
are closed. If the CAT switch was thrown to the 4-20A
left, AND 2 will be fully conditioned as the A, C, Page 0860

D, E and bypass features come up. If the CAT
switch was moved to the right, AND 1 will be
conditioned as the B, C, D, E and bypass features
go to +10. The outputs of AND 1 or 2 are fed to
the BRT/DIM lines by means of the bright-dim
switches S25 and S20. The BRT/DIM line con-
nccts directly to intensification Unit 2.

Intensification Unit 2 receives the same signals on either
the bright or dim line. ( Note - Only one line (Bright or
Dim) can be used at any one time. They do not carry
the same signals simultaneously when displaying a track
message.) The dim line conditioned one leg of AND 8
and 9 while the bright line conditions one leg of AND 6
and 7. The next signal sent to display consoles by the
SDGE is either a focus or defocus signal. Since the
focus signal comes from one side of a FF in the SDGE
and the defocus signal comes from the other side, the
focus or defocus signal is always present at the console.
The defocus gate is used to intensify characters while
the focus gate is used to intensify vectors. The last
signal necessary to cause intensification is an intensity
gate. When various combinations of bright or dim
signals, focus or defocus and intensity signals are

at +10 at the same time, one of the four inputs to the
VGA will cause an intensity gate to be applied to the
control grid of the SD CRT.

Variable Gate Amplifier Model A
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(1) The AVGA provides the SD CRT with an Refer Fig. 3-212
intensification gate. A message may be Page 0910
displayed either bright or dim. Two
intensification gate levels are required.

However, since a point is chosen with a
focused electron beam and characters are
selected with the beam defocused, points

would be brighter than a character if the

same intensification levels were-used for

both. In order to obtain the same degree .

of intensity (bright or dim) for both points

and characters, the. AVGA, with foyur input
channels, is employed. Input selection
depends upon whether a bright or dim point

or character <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>