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SECTION 1

INTRODUCTION

- This manual contains information needed to install and align the DIDS*-400
Display Terminal, Model 402-2M 10 (figure 1-1). See table 1-1 for a listing of
other standard displays.

Table 1-1. DIDS-400 Standard Display Terminals

Control Unit Characters
Model Reqd Coding Displayed
401-2 Yes ASCIO 520
401-2A Yes ASCII 1040
402-1 No BCD 520
402-2 No ASCII 520
402-2A No ASCII 1040

1-2. PURPOSE AND USE OF EQUIPMENT

The purpose of the 402-2M 10 Display Terminal is to provide quick=-

response, on-line communication with a digital computer.

The unit consists

of a display and keyboard with a self-contained interface to permit direct con-
nection to either the Bell System 202 C/D modem, the Western Union 2121
modem, or its equivalent.

1-2. 1 Technical Characteristics

a.

I

The Model 402-2M 10 Display Terminal can display 520 characters
on its cathode ray tube (CRT) screen which has a viewing surface

of 6-1/2 inches by 8-1/2 inches. The format consists of 13 lines
with 40 characters on each line. The character size is approxi-
mately 0. 17 inch high by 0. 14 inch wide. The high-quality con-
tinuous-type characters greatly reduce operator fatigue, and the
bright flicker-free presentation can be viewed easily in normal room
lighting. Each Display Terminal contains its own buffer memory,
character generation, interface logic, and timing circuits.

Data transfer to and from the Display Terminal takes place at a
nominal rate of 120 characters/second.

Solid-state integrated circuitry provides high reliability, reduced
power consumption, and compactness. All composing and editing
is accomplished off-line - that is, the system is connected to the
computer only during transmission of information.

#* A TRADE MARK OF RAYTHEON COMPANY
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1-2.2 Description of Units. The physical characteristics and power requirements
of the Model 402-2 Display Terminal are as follows:

Height 14-1/2 in.

Width 16-1/2 in.

Depth 26-1/2 in.

Weight 96-1/2 1b

Power 115 vac 210% 220 vac *10%
60 Hz, single- or 50-60 Hz, single-
phase, 200 W phase, 200 W

1-2.3 Operating Information. For operating information, refer to '"User
Manual DIDS-400 Model 402-2, Model 402-2A."

'1-2.4 Abbreviations and Symbols

Abbreviations and Symbols Definitions
BA Transmitted Data
BB Receive Data
CA Request to Send
CB Clear to Send
CF Data Carrier Detector
CFR Cursor Frame Reset
CR Carriage Return
CRQ Cursor Right Request
CSP ‘ Character Select Pulse
CTS Cursor Time Slot
CTS+1 Cursor Time Slot + One Bit (LSB

of a Character)

DL Delay Line
D/A Digital-to-Analog
EOLG End of Line Gate
EOLP End of Line Pulse
EOM End of Message
EOT End of Transmission




Abbreviation and Symbols

ETX
FWL

KYD
LCE
LWL
' LSB

MSB

"R

RE
SOM
SOS
SR
STX

XMIT
1CTS
3CTS
4CTS
FA

DIDS-402-2M10
Para 1-2.4

Definitions

End of Text

First Word of Line Pulse (same
as A)

Keyed

Last Character Entered

Last Word of a Line Pulse
Least Significant Bit

Most Significant Bit

Receive Mode

Receive Enable

Start of Message

Shift Off Screen

Shift Register

Start of Text

Transmit Mode

Transmit

Phase One of Cursor Time Slot
Phase Three of Cursor Time Slot
Phase Four of Cursor Time Slot

First Word of First Line Pulse
(Frame Pulse)

First Word of a Line Pulse

1-3
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SECTION 2

INSTALLATION

2-1 SERVICE UPON RECEIPT OF EQUIPMENT AND INSTALLATION
PROCEDURES

Unpack Display Terminal 402-2M10 and place it in the desired location.
Remove the cover from the Display Terminal and make the following visual

checks:

a.

b.

|Ie)

jo.

Inspect"for any obvious damage such as a broken CRT, loose
components, etc.

Check all terminal screws on power supplies A4 and A5 to ensure
that they are tight.

Check to see that all leads connecting the six printed circuit
boards are tightly fastened to their respective terminals.

Check low-voltage power supply A4 to make certain that it is
wired for 120-volt operation. Operational wiring for 220-volt
operation is given in paragraph 3-5.

The following figures are provided to assist in identifying and locating
the printed circuit board and chassis-mounted components:

Figure 2-1. 402-2M10 Display Terminal, Right Side

Figure 2-2. 402-2M10 Display Terminal, Left Side

Figure 2-3. 402-2M10 Display Terminal, Top View

Figure 2-4. 402-2M10 Display Terminal, Rear View

Figure 2-5. Horizontal and Vertical Deflection Amplifier A2
Figure 2-6. Video Amplifier A8

Figure 2-7. Monoscope Deflection Amplifier A3

Figure 2-8. Monoscope Preamplifier A7

Connect the power and data cables and perform a complete alignment of
the Display Terminal. Note that when the cover has been removed, interlock
switch S1 must be cheated before power is applied to the Display Terminal.

2-2 TURN-ON PROCEDURE

The turn-on procedure consists simply of turning brightness control R8
and on-off switch S2 on the Display Terminal (figure 2-1) to the on position.
After a 3-minute warm-up period, adjust brightness control R8 until sweeps
approximately 0. 17 inch high are visible. ‘
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Figure 2-3. DIDS-402-2M10 Display Terminal, Top View
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Figure 2-4. DIDS-402-2M10 Display Terminal, Rear View
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Figure 2-5. Horizontal and Vertical Amplifier A2

349084 A

VIDEO LEVEL

EO14812B(M1)

Figure 2-6. Video Amplifier A8
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Figure 2-7. Monoscope Deflection Amplifier A3
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Figure 2-8. Monoscope Preamplifier A7
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2-3 ALIGNMENT AND ADJUSTMENT PROCEDURES

The following alignmext and adjustment procedures are provided to enable
the repairman to set up the Display Terminal for optimum performance.

2-3.1 Alignment of Horizontal and Vertical Deflection Amplifier A2

a.

—

k.

Adjust vertical centering control R4 (figure 2-5) to center the
raster vertically on the display tube.

" Adjust vertical amplifier control R27 (flgure 2-5) to produce the -
frame he1ght.

Adjust horizontal centering control R35 (figure 2-5) to center
the raster horizontally on the display tube.

Adjust horizontal amplitude control R50 (figure 2-5) to produce
the frame width.

2-3.2 Adjustment of Video Level on Video Amplifief A8

Depress FRAME RESET key.

Adjust BEAM CUR. controt R2 until cursor shows in first
character, first line position. Set for required character brightness.

Adjust video level control R7 (figure 2-6) until character
buxes just appear on sweeps.

2-3.3 Adjustment of MONO FOCUS Control A6-R4. Observe cursor and adjust

MONO FOCUS control R4 on circuit board A6 (figure 2-1) for the sharpest cursor

image ( ).

2-3.4 Adjustment of CRT FOCUS Control A6-R9. Adjust CRT FOCUS Control

R9 on circuit board A6 (figure 2-1) for the sharpest cursor image (=) possible.

2-3.5 Delay Line Adjustment

2-8

Note

It should not be necessary to adjust the delay
line more than six turns ccw or cw from the
factory adjustment.

Single delay-line adjustment

(1) Depress and release the FRAME RESET key and at the same
time turn the delay-~line adjustment screw two turns.

(2) Repeat step (1) above until the screen displays stable charac-
ters. . v
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(3) Check that the displayed chzracters remain stable for a mini-
mum of three complete turns of the delay-line adjustment screw.

(4) Turn the adjustment screw to the center of its stable range.

Double delay-line adjustment

(I) Remove the wire from Al3, pin 6.

(2) Connect the oscilloscope external trigger to A10, pin F and
switch to minus (-) extension trigger. Connect one oscillo-
scope probe to A10, pin F and the other to A10, junction of
C7 and R26.

(3) Turn the top delay-line adjustment screw so that the falling
edges of the clock pulses are lined up with the centers of the
peaks of the sine waves (see figure 2-9). The waveforms
shown are not representative of any particular character.)

CLOCK PULSES W
!

U

BEFORE ADJUSTMENT W

! ! ‘ '

| ) i |

|
AFTER ADJUSTMENT T\/"\j",\/"\/"\/"\

T

DIDS67 -150 ‘
Figure 2-9. Delay-Line Adjustment

(4) Reconnect the wire to A13, pin 6.
(5) Depress and release the FRAME RESET key and, at the same

time, turn the delay-line adjustment screw on the delay line
two turns.

(6) Repeat step (5) until the screen displays stable character.

(7) Check that the displayed characters remain stable for a mini-
mum of three complete turns of the delay-line adjustment screw.

(8) Turn the delay-line adjustment screw to the center of its stable
range.

2-9
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2-3.6 Alignment of Monoscope Deflection Circuit A3

a.

lo. la

lo

I,M .
.

=

Adjust brightness control R8 (figure 2-1), on the side of the Display
Terminal, until the character boxes are just visible behind the
characters. Character brightness can also. be adjusted by means

of BEAM CUR. control A6-R2 on the high-voltage network. Refer to
Adjustment of BEAM CUR. control A6-R2 (paragraph 2-3.2) for

~ proper adjustment.

Adjust character height control R108 (figure 2~7) unt11 the characters
are approximately 3/16 inch high.

Adjust minor vertical sweep expansion control R103 (figure 2-7)
so that the character height is 80 percent of the visible character
box height.

Adjust phase control C11 (figure 2-7) until single characters are
produced (double characters are seen when the phase control is
improperly adjusted).

Press the keys to display the characters G @ L Y1V e6QHO
at the upper left corner of the display.

If the letters do not appear, adjust X and Y position control R5 and
R47 (figure 2-7) until the characters ! and G are visible.

Adjust Y position control R47 (figure 2-7) so that the character !
is properly positioned within its frame.

Adjust Y gain control R50 (figure 2-7) until the character Y is
properly positioned within its frame.

Repeat steps g and h above until the characters .". and Y are
both properly positioned within their respective frames.

Adjust X position control R5 so that the character G is properly
positioned within its frame.

Adjust X gain control R32 (figure 2~7) until the character @ is
properly positioned within its frame.

Repeat steps j and k above until the characters G and @ are
both properly posxtioned within their respective frames.

2-4 INITIAL OPERATION

2-10

After the Display Terminal is completely aligned, remove the interlock
cheat and replace the display terminal covers. To determine that the equ1p—
ment is operating properly, turn on the Display Terminal as described in
paragraph 2-2, type in all characters, and exercise all functions. Then send
the CPU a message which will elicit a reply that can be used to check out the
receive mode of operation.
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SECTION 3

THEORY OF OPERATION

This chapter contains theory of operation. The major components and
signal flow are shown in figure 3-1, a simplified block diagram.

Keyboard assembly All provides a specific six-bit digital code for each
character. The character is inserted into delay-line refresh-storage Al5 where
it circulates continually around the refresh memory loop. It is amplified after
the delay-line attenuation and fed out once/frame to digital-to-analog (D/A con-
verter circuits in monoscope deflection amplifier A3.

The purpose of the monoscope deflection amplifier is to convert the digital
information (which represents the letter 'A', for example) figure 3-2 to analog
information and to develop monoscope X- and Y-deflection voltages which will
cause the monoscope beam to paint across the letter 'A'. The 'A' output from
the monoscope is then amplified by monoscope preamplifier A7 and video ampli-
fier A8 before it is applied to the cathode of display CRT V2.

The system is synchronized by the master oscillator circuit on circuit
board Al4. The oscillator on the circuit board drives the timing circuits to
provide the following signals.

a. Timing pulses that control when the keyboard character is to
be inserted into the register

b. Horizontal amplifier signals for the horizontal sweep on the dis-
play CRT

c. Vertical amplifier signals for the vertical sweep on the display
CRT

d. Blanking pulses

The presentation on the display consists of 13 horizontal sweeps approxi-
mately 0.3 inch apart. The 583-kHz sine wave is applied to the minor vertical
deflection coil, increasing the apparent line width to a letter height of 0. 17 inch.
This sinusoidal signal, (known as the minor vertical expansion voltage) cor-
responds to the sine wave that is sweeping over the letter 'A'. The resulting
video signal is amplified and applied to the display CRT, thus duplicating this
letter on the CRT.

When the XMIT (on keyboard assembly All) is pressed, the information
is extracted from delay-line memory circuit Al5 and processed by the display
logic circuit on circuit board A13, the control logic circuit on board A1l2, and
discrete circuits on board Al4. The information, in the form of a series of

digital signals, is dispatched from the Display Terminal. The operation is as
follows. ’
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- An output from the display logic circuit (part of board Al3) is fed to the
dataphone interface storage registers on board Al2. Three storage registers
are used to smooth the data so that it can be transmitted at a slower rate over
the telephone line. Since the line transmits up to 1200 bits/second (this corre-
sponds to 833 us/bit), the information from the input to the character readout
register (part of board Al3), which is at a rate of 3. 43 pus/bit, is stored in three
consecutive storage registers. The message is then picked off at the reduced
rate of 1200 bits/second. When the message is being received, this process is
reversed. The dataphone interface mode control and timing section of board
Al2 provides or uses the following functions:

a. A 1200-Hz counter which controls the bit transmission rate
into the phone line

b. The start-of-message control circuit

c. The end-of-message control circuit

d. The carriage return decode circuit in the transmit and receive
modes

e. The parity generator and parity check circuits

Low voltage power supply A4 furnishes a +22 vdc, +100 vdc, +5 vdc,
-22 vdc, and two 6. 3 vac outputs. High voltage power supply A5 furnishes
+12 kvdc, +500 vdc, and -1.2 kvdc outputs.

3-1 DISPLAY TERMINAL CHARACTER GENERATI_ON (Figure 3-1)

When the 'A' key on keyboard assembly All is pressed, the binary signal
for 'A' is put on the six data lines as follows:

Lead Signal Levél
FXO0
FX1
FX2
FYO
FYl
Fy2

—_ O O O O

The six-bit digital information is applied to the character entry and readout
register (part of circuit board A13), which causes the bits to be placed in
sequence. The data is then fed through a portion of the display logic (also part
of circuit board Al3) to delay-line refresh-storage Al5.

3-2
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Fig. 3-1
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Figure 3-1. DIDS-402-2M10 Display

Terminal Block Diagram
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The delay-line refresh-storage circuit consists of amplifier A10 and a
7. 378-ms magnetostrictive delay line, A15. The six-bit digital information
~ that was inserted in the refresh-storage is fed back through a part of the display
logic to the character entry and readout register to complete a cycle. It con-
tinually circulates around the loop. The character readout register (a group
of flip-flops) stores the six bits and applies them to the digital-to-analog (D/A)
converter circuits of monoscope deflection amplifier A3.

The six bits of data at the output of the character readout register are
designated as:

DAXO : DAYO
DAX1 X -Deflection DAY1 Y -Deflection
DAX?2 DAY?2

3-1. 1 X-Deflection. The three least significant bits (LSB's), DAXO0, DAX]I,
and DAX2, are converted from digital information to analog information in the
D/A converter of monoscope deflection amplifier A3. This analog voltage is
combined with the ramp and skew voltages, amplified by the X-deflection ampli-
fier, and applied to the X-axis deflection plates in the monoscope.

The X-axis analog voltage positions the beam on the appropriate vertical
column of characters. The ramp voltage (a simple sawtooth) derived from each
unblanking pulse moves the beam from the left to the right side of each character.
(The ramp generator is located on the A3 board.) The 'skew in-1' (derived by
sampling the Y-deflection voltage) is a correction voltage used to compensate
for any slight angular difference between the X-axis line of characters and the
X -axis sweeps. Figure 3-2 shows the monoscope character generator technique.
Figure 3-3 is the modified ASCII (American Standard Code for Information
Interchange) character matrix used in the monoscope.

3-1.2 Y-Deflection. The three most significant bits (MSB's), DAYO0, DAY,
and DAYZ, are converted from digital information to analog information. The
resulting analog voltage is combined with the minor vertical sweep expansion

and the skew voltage, amplified by the Y-deflection amplifier, and applied to

the Y-axis deflection plates in the monoscope. ‘

The Y-axis analog voltage positions the beam on the appropriate hori-
zontal line of characters. The 583-kHz sine wave modulates the Y-axis analog
voltage so that the beam paints up and down over the character height. The
'skew in-2' (derived by sampling the X-deflection voltage) is a correction
voltage used to compensate for any slight angular difference between the Y-axis
line of characters and the Y-axis sweep. As the beam sweeps up and down at
583 kHz, it moves rapidly from left to right across the character. When it
strikes the character, it varies the output current in the input circuit of the
monoscope preamplifier A7, causing the voltage to change and appear as video.
This video is further amplified by video amplifier A8 and applied to the cathode
of the display CRT. The 583-kHz voltage applied to the minor vertical sweep
coil (about the neck of the CRT) is produced from the same circuit that generated
the 583-kHz voltage sweeping across the letter in the monoscope tube. Thus,
the letter is reproduced on the display CRT. The Shift Off Screen (SOS) signal

3-5
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is applied to the D/A converter and used to position the monoscope beam off-
screen when the code of 000 000 is located in the entry register. The generation
of the CRT raster is discussed in paragraph 3-4. '

3-2 DISPLAY TERMINAL KEYBOARD

The detachable keyboard uses keys which incorporate a magnetically
actuated reed switch. A diode matrix is used to produce the proper binary code
from the single switch closures. Figure 3-4 shows a simplified keyboard sys-
tem, including a part of the diode matrix. When the 'A' key (for example) is
pressed, voltages appear on the Xg and Y2 lines, and the coding diodes conduct
to produce output levels on the appropriate lines. This, the binary code for

" 'A' is produced by pressing the 'A' key:

Xo Xl X2 YO Yl Y2

1 0 0O 0 0 1

Gafing and delaying logic circuits are provided to jam the code into the readout
register and then into the memory circuit.

3-3 DISPLAY TERMINAL VIDEO AMPLIFICA TION

Monoscope preamplifier A7 and video amplifier A8 amplify the video asso-
ciated with the character being scanned by the monoscope beam and intensity-
modulate the beam of the CRT for viewing. Each receives its power from low-
voltage power supply A4.

a. The monoscope preamplifier has the following signal input/output:

(1 The input signal video from the monoscope tube is present
whenever the sweep crosses a part of a character. The cur-
rent path is from the monoscope target through the input
circuit of the preamplifier and back to the collector of the
monoscope.

(2) The amplified video output is fed through 75-0hm coax to the
video amplifier.

b. The video amplifier receives four input signals and a control volt-
age and produces two outputs as explained below:

(1) A video signal is received from the monoscope preamplifier.
This video corresponds to the character that the monoscope
beam is scanning. The signal video is amplified and then
applied to the cathode of CRT V2.

(2) -~ A blanking signal is received from timing board Al4. This
signal cuts off the video amplifier between characters,
effectively blanking the CRT during the positioning time re-

‘quired for the monoscope beam to switch from one character
to another and during horizontal and vertical retraces.
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(3) The SOS signal is received from the control logic board.
The signal cuts off the video amplifier when the code of
000 000 is located in the video entry register.

(4) The CRT protection signal and the brightness level are con-
nected to the CRT grid.

(5) The brightness control, located on the side of the chassis,
adjusts the brightness of the display.

(6) The amplified video is sent to the CRT cathode.
3-4 DISPLAY TERMINAL RASTER GENERATION

The raster is generated by horizontal and vertical deflection amplifier A2
and minor vertical sweep driver A3.

The horizontal deflection amplifier receives a horizontal drive trigger
which starts a sawtooth generator. The resulting sawtooth is amplified and
applied to the horizontal deflection coil as a linearly increasing current. Thus,
the beam moves horizontally across the face of the CRT (figure 3-5).

If there were no vertical deflection, the sweep would be perfectly hori-
zontal. As soon as the vertical deflection begins to push the sweep downward,
however, the sweeps are no longer horizontal but decline as they move across
the face of the CRT (figure 3-5B). To correct this unwanted movement, a
sawtooth is taken from the horizontal deflection amplifier and applied to the
vertical deflection amplifier as a corrective 'skew-out' voltage. As the beam
sweeps across the tube, the effect of this voltage is to maintain a constant
vertical deflection current until the end of the sweep. Thus, the sweeps remain
perfectly horizontal (figure 3-5C). The CRT protect circuit detects the negative
peak of the horizontal sweep. When the horizontal sweep is not present, the
CRT grid is grounded. This cuts off the CRT, which would normally be painting
one extremely intense vertical line, and thereby prevents damage to the CRT
phosphor.

The vertical deflection amplifier receives a vertical drive trigger which
starts a sawtooth generator. The resulting sawtooth is combined with the
'skew' voltage, amplified, and applied to the vertical deflection coil. Thus,
the sawtooth which drives the sweeps downward has a horizontal step for each
horizontal line during the time that the horizontal sweeps occur (figure 3-5C).
The CRT protection circuit in the horizontal deflection amplifier operates in
the same way, except that it has a longer time constant. If the vertical sweep
is not present, the CRT grid is grounded. This cuts off the CRT, which would
otherwise be painting one extremely intense horizontal line, and thereby pre-
vents damage to the CRT phosphor. '

The minor vertical sweep voltage consists of a sine wave from monoscope
deflection amplifier A3 (figures 3-1 and 3-5E). When the controls are properly
adjusted, only the characters are visible. If the minor vertical sweep signal is
absent and the brightness potentiometer on the control panel is turned up, nar-
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row horizontal lines will appear on the CRT. When the minor vertical sweep
voltage is present, lines, each approximately one character height in thickness,
will appear on the CRT (figure 3-5E). .

3-5 DISPLAY TERMINAL POWER SUPPLIES

High-voltage power supply A5 is a compact, solid-state unit which fur-
nishes regulated voltages of +12 kvdc, +500 vdc, and -1.2 kvdec.

Low-voltage power supply A4 is similar in construction to unit A5. It
furnishes regulated voltages of +22 vdc, -22 vdc, +100 vdc, and +5 vde. It
also furnishes two 6. 3-vac outputs. Optional wiring for 220-volt operation is:

Power Supply ’

Terminal
Input 11 and 14
Jumper 12 to 13

3-6 DISPLAY TERMINAL LOGIC

To understand more clearly the nature of the display terminal logic,
certain factors of the characters and the cursor should be explained. Each
character consists of a special six-bit code in the DIDS-400 System. All data
transfer in serial form contains the LSB first. In the memory circuit, a
cursor slot precedes the six data-bit slots. The cursor and six bits are cir-

" culated through the refresh memory (the cursor is attached to only one charac-
ter in the whole message) as shown in figure 3-6. The cursor is merely a
place marker in the refresh memory and has no meaning external to the
memory; therefore, only the six data bits are extracted from each memory
word for transmission. Since the computer uses ASCII, which is a seven-bit
code, a conversion from six to seven bits must occur in the storage registers.
A parity bit is added for the purpose of detecting errors generated in trans-
mission. Since the computer and the DIDS-400 System are asynchronous (not
synchronized by a common timing source), each character must have a start
bit and a stop bit to ensure synchronism. Two bits are therefore added, one at
the beginning and one at the end of the character, thus yielding 10 bits/character.
The 1200 bits/second are equivalent to 1200 + 10, or 120 characters/second.
The logic circuits perform timing, display refresh, display editing functions,
and data transmission to and receipt from the dataphone. These functions will
be discussed in the following subparagraphs.

'&ONE CHARACTER TIME ———b‘

cvs—r
|ksa "er _u_sg‘
MEMORY ‘ L___

DATA _’!
CURSOR
DIDS67 - 30 C h

Figure 3-6. Memory Data
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3-6.1 Timing Circuit. The timing circuit receives pulses from the master
oscillator at a frequency of 1. 1667 MHz. This clock pulse is counted down by
a 2:1 countdown circuit to give a gate of approximately 583-kHz which is
processed for use as the minor vertical deflection frequency (figures 3-7

and 3-8). In turn, the resulting frequency is counted down by another 2:1
countdown circuit to provide an approximate 291-kHz gate. By proper com-
bination of the previous gates, four phases of clock pulses are produced. The
phase 2, 291-kHz frequency is applied to a 7:1 countdown circuit. The re-
sulting 41. 667-kHz pulses are 24.0 us apart; this time represents the character
time. The 41.667-kHz pulses are applied to a 4:1 countdown circuit. The
resulting 10.42-kHz pulses are 96.0 us apart; this time represents the hori-
zontal line retrace time and is equivalent to four characters. The 10.42-kHz
pulses are applied to an 11:1 countdown circuit. The resulting 0.947-kHz
pulses are 1056 pus apart; this time represents the horizontal line time, or
the time taken to paint 40 characters plus horizontal retrace. The 0. 947-kHz
pulses are finally applied to a 14:1 countdown circuit. The resulting 67. 7-Hz
pulses are 14. 784 ms apart; this time represents the frame time, or the time
taken to paint 13 horizontal lines plus the vertical retrace. The vertical
retrace time is equivalent to one horizontal line time.

The Al4 board contains the following individually distinct timing circuits,
in addition to the master oscillator.

a. A 3-Hz oscillator which supplies timing pulses for cursor blinking
and generates a 6-Hz pulse, the speed at which a character or
function can be repeated when in the cycle mode

&

A 1200-Hz oscillator that controls the rate at which information
is clocked out to the telephone lines. This is described in para-
graph 3-6. 4.

3-6.2 Display Refresh. The display refresh loop consists of delay-line assembly
A1l5, delay-line electronics A1l0, and a character entry register. The register is
connected in series with the delay line and provides parallel access to the code of
one character at a time. The intelligence frame is stored in the delay-line loop
and is read out at the frame frequency to maintain the brightness of the characters
on the Display Terminal screen.

The memory device used consists of an amplifier and a magnetostrictive
torsional delay line which produces a 7.378-ms delay, and an amplifier following
the delay line (figure 3-9). The information, in pulse form, is applied to the
input transducers, which push one of the magnetostrictive tapes while pulling on
the other. These tapes, which are welded to the transmission wire, convert
longitudinal motion to torsional motion as the wire twists. This torsional motion
travels down the cylindrical medium in a helical path at a longitudinal rate of
approximately 4.5 ps/inch. When the torsional motion reaches the end of the
wire, it is converted back to longitudinal motion by a push-pull force on the
magnetostrictive tapes. The output transducer converts this motion into an

electrical pulse. The pulse is then recirculated in the delay line to obtain the
frame time.
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When a complete character code is in the character entry register prior
to being shifted into the delay line, it is strobed simultaneously into the six-
character readout flip-flops and held for the duration of character time (figure
3-10). The output of the character readout circuit is fed to the monoscope
deflection amplifier where it is converted from digital information to analog
information to position the monoscope beam so that it sweeps across the target
character.

3-6.3 Display Editing. The display editing circuits consist of the specific editing
functions that take place before and after the character entry register functions.

The message from the delay line is fed into the display logic circuits
(located on board Al3), through the shift register, and then back to the display
logic circuits prior to re-entering the delay line (figure 3-11). Access to the
message is possible both before and after it goes through the shift register.
The message is processed in the display logic circuits which can perform the
following functions:

- Shift cursor to the left

- Shift cursor to the right

- Erase a line

- Erase a message

- Advance line

- Back line

- Return cursor to beginning of frame
- Insert

- Delete

- Cycle

The delay line stores the message minus one character. There is always
one character in the shift register preparing to enter the display logic and then
the delay line. In order to shift the cursor to the right, the cursor must be de-
layed in time by one character.

To accomplish this shift, the cursor is removed from its slot when it ap-
pears at the end of the shift register and is inserted at the beginning of the shift
register in the cursor slot of the next character (figures 3-11 and 3-12). A
similar process is used to shift the cursor to the left. The cursor must be
made to occur one character time earlier. To do this, the cursor is removed
from its slot after leaving the delay line, and inserted into the cursor slot of
the character in the shift register. In effect, the cursor bypasses the trip

through the shift register. It is then added to the preceding character, with
the result that the cursor shifts to the left. ’
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To erase the message, a logical 0 is inserted into each bit slot to the right
of the cursor bit. The frame pulse terminates this function and the line is erased
in a similar manner. However, the last word of the line pulse terminates the
function (figure 3-13). In order to advance the cursor to the next line, the cursor
must be delayed in time until the first character slot of the next line occurs. To
accomplish this, the cursor is removed from its slot and inserted in the cursor
slot of the first word of the next line when it reaches the input to the shift register
(figure 3-14). This function is terminated with the Apulse. To move the cursor
to the first character slot of the previous line, the cursor must be advanced in
time by the frame period minus one horizontal line time and the time remaining
on the cursor line. This function is controlled by a counter which counts the
number of active horizontal lines minus two (figure 3-15).

The insert function is accomplished with the aid of a second seven~bit shift
register. To insert a character, all characters to the right of the cursor and on
the same line as the cursor are delayed in time by one character period. The
second shift register, which has the code of 0000000 stored, is allowed to become
a part of the memory loop when the cursor is located in the first shift register.

l EYBOARDS ERASE |

| SHIFT
MESSAGE REGISTER
R FF |

KEYBOARD |g ERASE
LINE
= JdR FF A
DISPLAY
LOGIC

NORMAL

DISPLAY LOGIC

DELAY LINE  jt————

DIDS67-9

Figure 3-13. Display Editing Erase Mode

This inserts a new character of all 0's in the memory loop. The second shift .
register is removed from the memory loop when it contains the last word of the
line. Therefore, the character that was in the last active slot of the line is re-
moved from the memory loop (figure 3-16).
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To delete a character, all characters to the right of the cursor on the same

line as the cursor are advanced in time by one character period.

When the char-

acter to be deleted is in the shift register, the remaining characters on the line
A character code of 000 000 is inserted as
the last character of the line. This function is terminated by the end-of-line

are allowed to bypass the register.

pulse (figure 3-17).

The cycle function allows the following to be performed at a rate of 6 Hz:

Character entry
Cursor right
Cursor left
Back line
Advance line
Insert

Delete
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Figure 3-17. Display Editing Delete Mode

The operation of the character entry register can be explained easily.
(The character entry and readout registers are both located on circuit board Al3.)
Assume that the desired message is the word 'CAT' and that the 'C' (in the
form of six-bit digital information) is already circulating in the refresh memory
and is on display. When the 'C' was entered, the cursor automatically stepped
right one character slot. When the 'A' key on keyboard assembly All is pressed,
the six digital bits, 100001, are applied simultaneously to the character entry
register, which consists of one AND gate for each of these six bits followed by
one flip-flop (or register) for each of these six bits (figure 3-10). When the six
AND gates receive the 'write' pulse (this will happen immediately after the 'C'
passes through the character entry register because the cursor appears in the
next character slot), the six bits will be inserted into the flip-flops and will be
shifted at the phase 2 clock-pulse rate through the editing logic into refresh
storage (figure 3-18).
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3-6.4 Data Transmission and Receipt Logic. The following paragraphs describe .
the storage registers, the 120-character-second timing control, the transmit-
receive mode control, and the dataphone drivers and detectors. The action of
these circuits will be discussed in the following order: when equipment is in the
transmit mode, when equipment is in the receive mode, word format and parity
(or error detection), and modem control signals.

a. Transmission of message. The purpose of the registers is to
provide what is called smoothing of the data. Since access to the
data in the refresh memory loop occurs only once per frame,
enough data must be extracted at the time the cursor is found to
supply the 1200 bits/second (this corresponds to 833 us/bit) until
the cursor comes around again, one frame period later. In other
words, when access to the data occurs, enough data must be ex-
tracted and stored to feed out at the 1200-Hz transmission rate
until access to the delay line data is again possible. Between '
access times, 18 bits will be sent out at the lower transmission
frequency. Therefore, at least 18 bits must be stored for smooth
operation (hence the term smoothing). Three registers are pro-
vided, each of which will store six bits (figure 3-19). The steering
logic is simply an electronic switch which selects either the mes-
sage going from the delay line to the telephone line (XMT -transmit).
or the message coming from the telephone line to the delay line '
(RCV-receive). Three steering logic circuits are controlled by the
transmit-receive mode control logic circuit. Storage registers
No. 2 and No. 3 consist of six flip-flops, and storage register No. 1
consists of seven flip-flops which receive and store the six binary
bits representing a character until the shift-out pulses are applied.
(The additional flip-flop in storage register No. 1 adds a seventh bit
for compatibility with ASCIL.)
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After the operator types in the desired message, and the
EOM (end-of-message) key is depressed, the cursor is

~reset to the first character to be transmitted.

The operator presses the XMIT key. The STX (start of text)
code is inserted into register No. l; and the display address

is inserted into register No. 2. When the first character
leaves the delay line and the display logic, it is routed through
steering logic circuit No. 3 into register No. 3. At this time,
register No. 1 contains the STX, register No. 2 contains the
display address, and register No. 3, the first character of the
message. The cursor is automatically stepped right one
character slot when a character from the refresh memory loop
enters register No. 3.

Data is shifted into register No. 1, bypassing the 25—bit slot

in the register as shown in figure 3-19. The MSB, or 26-bit
slot, is examined. If it contains a logical 1, then a logical 0

is inserted into the 2°-bit flip-flop. If the MSB contains a
logical 0, then a logical 1 is inserted into the 22 -bit flip-flop.
In the case of the ETX and carriage return codes, the six bits
are decoded when they are in register No. 1; then the correct
seven-bit code is inserted into register No. 1. The STX code
need not be code converted since the seven-bit code is inserted,
not shifted, into register No. 1.

Six-Bit Code Seven-Bit Code
MSB LSB MSB LSB
000010 0000010
000011 0000011
111101 0001101

The dataphone timing control circuit produces shift

pulses for storage register No. 1 at a rate which is com-
patible with the 1200-bit/second limitation of the telephone
circuits. The first message character is shifted through

the data word formatting circuit where the parity generator
addition, which will be described in paragraph 3-6.4c, takes
place. The start and stop bits are also added here. The first
message character is amplified in the dataphone driver and
then sent from the logic circuits into the telephone line. The
message is circulating through the memory loop at a rate
much higher than the message pick-off rate. Note that as
soon as storage register No. 1l is emptied, the data in storage
registers No. 2 and 3 are moved ahead one register. Data
are always moved ahead as soon as possible to make room
for the removal of data from the delay line when the cursor

comes around again. This process continues until the ETX
code is found.
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Logic Circuits in Transmit Mode
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Reception of megsage. When a message is sent from the computer,
the first character is the STX code, the second is the display ad-
dress code, and the third is the first character of the text. Each
character contains 10 bits: a start bit, seven data bits, a parity
bit, and a stop bit. The start bit of each character is used to sync
the incoming data to the DIDS-400. If the start-of-message and

the proper display address codes are not present, storage register
No. 1 does not shift, and therefore all succeeding characters are
ignored. The incoming data is code converted at register No. 1

by shifting seven bits/character into the register and six bits/
character out. The 2° bit is ignored when register No. 1 is shifting
data into register No. 2 (figure 3-20). Data enters the memory
loop at a maximum rate of two characters/frame. If registers No. 3
and 2 contain a character, when the cursor begins to enter the read-
out register, both characters will enter the memory loop. The cur-
sor is stepped right automatically each time a character enters the
memory loop. When the message is concluded, the ETX code is de-
coded and enters the ETX control circuit. This causes storage
register No. 1 to stop shifting and no further information is sent
into the refresh memory loop. The circuits are freed from the
control of the computer and returned to the operator who may
transmit another message if desired.

Word format and parity. As previously mentioned, a character
code is carried internally as six bits. Since the standard ASCII
coding uses seven bits, a code conversion from six to seven bits
must be performed in storage register No. 1. The total trans=-
mitted character code, which contains 10 bits, begins with a start
bit (a logical 0). This is followed by the seven=~bit character
code, a parity bit, and the stop bit (a logical 1). Since this is an
even parity system, the parity bit is generated so that the total
count of logical 1's in the transmitted word (excluding start and
stop bits) is an even number. In the receive mode, parity is
checked in the same way. If the count of 1's is not an even num-
ber, the error code is substituted for the character code received.
Thus, the operator knows that a malfunction has occurred. He can

then obtain clarification by repeating the transmit-receive proce-
dure. -

Modem control signals. When the XMIT key is depressed, a
Request-to-Send signal level is sent to the modem. When the sig-
nals Clear-to~Send and Data-Carrier-Detect are received from the
modem (and only when the two are present), the Display Terminal
will transmit data. The ETX code, when decoded in register No. 1,
removes the Request-to~Send signal; this terminates the transmit
mode. When the Data-Carrier-Detect signal is received from the
modem and the Request-~to-Send signal is not present, the Display
Terminal is in the receive mode. The Data-Terminal-Ready signal
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is sent to the modem to indicate that the Display Terminal has been
turned on. The DIDS-402 interface signals are bipolar as follows:

Data Signals

MARK -8 +2 V (logical 1)
SPACE +8 2 V (logical 0)

Control Signals

OFF -8 2 V
ON +8 £2 V

3-29
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3-7 LOGIC SYMBOLS AND DEFINITIONS

 In the following list of logic symbols, explanations accompany the graphic
representations.

3-7.1 AND Function. The symbol shown below represents the AND function.

INPUT M
* “sipE . 0.3.0?"

The AND output is high if, and only if, all the inputs are high.

INPUT | oOuTPUT
A B F
A
F L L L
8 —-—-— )
L H L
H oL L
H N H

The symbol shown below represents one version of the AND function.
The output is low if, and only if, all the inputs are high.

INPUT OUYPUT

A B c F

L L L H

8———3 F L L H ;]
—es L H L H
L H N H

H L L H

H L H H

H H L H

H H H L

* Not a part of symbol
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Where functions can be combined according to the AND (or OR) function
simply by having the outputs connected, that capability is shown by enveloping
the branched connection with a smaller sized AND or OR symbol.

A ——1
FUNCTION A ———  FuUNCTION

x U

-] [ J—
"%F '}‘
B ——

¢ FUNCTION € ——1 runcTion

Y v
0 D —

3-7.2 INCLUSIVE OR Function. The symbol shown below represents the
INCLUSIVE OR function. ,

« INPUT . OUTPUT
SIDE SIDE

The OR output is high (H) if, and only if, any one (or more) of the inputs
‘is high (H).

INPUT OuUTPUT
A B F
) >——
L L L
8 : L H H
H L H
H H H

* Not a part of symbol
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The symbol shown below represents one version of the INCLUSIVE OR
The output is low if any one (or more) of the inputs is high.

funCtibn.

133

INPUT OUTPUT

A 8 c F

L L L H

L L H L

F L H L L

L L H H L
H L L L

H L H L

H H L L

H H H L

3-7.3 State Indicator (Active). The presence of the small circle symbol at the

input(s) or output(s) of a function indicates:

lo

3-32

Input condition: the electrical condition at the input te rminal(s)
which controls the active state of the respective function.

Output condition: the electrical condition existing at the output
terminal(s) of an activated function.

Qw

A small circle(s) at the input(s) to any element (logical or
nonlogical) indicates that the relatively low (L) input signal
activates the function. Conversely, the absence of a small

circle indicates that the relat1ve1y high (H) input signal activates
the function.

A small circle at the symbol output indicates that the output
terminal of the activated function is relatively low (L). This
small circle will never be drawn by itself on a diagram.
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3-7.4 EXCLUSIVE OR Function. The symbol shown below represents the
EXCLUSIVE OR function.

Note A: Arc displacement determined
by location of paragraph 3-7,6

SEE NOTE A__D template center input line
: guide hole.

The EXCLUSIVE OR output is high if, and only if, any one input is high
and all other inputs are low.

INPUT |

A B8 F=A(H)AND B(L)OR B(H)AND A(L)
) i
—F L L L
B L HI| W
’ H L H
H H L

3-7.5 Amplifier Symbol. This symbol represents a linear or nonlinear cur-
rent or voltage amplifier. This amplifier may have one or more stages and
may or may not produce ga n or inversion. Level changes and inverters, pulse
amplifiers, emitter followers, cathode followers, relay pullers, lamp drivers,

and shift register drivers are examples of devices for which this symbol is
applicable.

P P Do P
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3-7.6 Table of Combinations. This table illustrates the application and functions
of two variables and equivalents.

SYMBOLS ~COMBINATIONS
AND OR A B X
—— H H H
A -\ A— H L L
' X X L H L
B . B v L L
—_—3 H H L
A A H L L
X X L L

B B8 L

L L L
A A H H L
H L H
. ATy e | F s
8 B L L L
» H H L
A —4 < AjDo__x H L L
5 L H L
B B ‘ L L H
H H H
A 0 A H L H
X } X N - "
8 8 L L L
H H H
A — Aﬁ_x H L L
" X H H
»B— B Lo i
| H H H
A—a A H L H
X B X L H L
° : ' L L H
A H H L
A ' H L H
B . L L H
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3-7.7 Multiple Inputs to Physically Separated Functions with Common

OutEuts '
AND Function OR Function
A A
B G B
c Cc
D D
E E
(S | F

3-7.8 Latch-Type Flip-Flop. The symbol shown below represents a latch-type
flip -flop.

DIDS67—-108

The input-output waveforms for a latch-type flip-flop are shown below.

INPUT.A V - l/

INPUT B V V

OUTPUT X

OUTPUT F — R

DIDS67—109
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3-7.9 Clocked-Type Flip-Flop. The symbol shown below represents a clocked-
type flip-flop. The circuit features an AND gate input and two flip-flops con-
nected as a master-slave combination. The master flip-flop stores the input
information when the clock voltage is high and transfers it to the slave when the
clock voltage is low. Direct (unclocked) set and clear pulses are also provided.
The unclocked pulses are used on the jam terminals of the flip-flop and will
override the clocked input. A low signal on jam input pin 10 will force output
pin 9 low, and a low signal on jam input pin 5 will force output pin 6 low.

JAM
\ 10
GATE N 6
INPUT 4 ———— OUTPUT
CLOCK 2! 945
T
GATE 9
INPUT 12| ———OUTPUT
5
JAM

DIDS67-110
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3-7.10 Circuit Configuration and Pin Number Assignment of LD;I‘L) Logic

Elements

TOP VIEW
COMPONENT SIDE

10 4 §(vee)
r— _i‘

! |
3
o 6

|
|
—19

' _ 1
5o

SPARE PIN1-8-13
CLOCK GATED FLIP FLOP
931-945-948

3

-2

SPARE PIN 2-8-9-12

CAP.COUPLED FLIP-FLOP

950
Types of Circuit

C i'brc uit No.
0930
0932
0933
0936
0944
0946
0948
0962
945

14 L(ch
|
|

*
3 :i](vcc)

b [
|
RDat
ey |
. I
10

DUAL BUFFER OR

POWER GATE
932-944
NO POWER

[ttt |

s |
6

4

2

3 I
9
10

3 1eA(VED)
—=

]
2 6
4
s
. |
10 o
12
13 |
R

930
DUAL A-INPUT GATE

14 § (vee)
-r———
14 3
2 ¢
‘ 6
]
. .
p——+8
10

QUAD GATE
946

14 ) (vee)
oo
13 4
24

I I il
% ;
SPARE PIN I -8~-14 TRIPLE "B”
oEuanLeuzgg; mm.;rsgne
933
Part No. Equivalent

Raytheon Fairchild Motorola
C-329796 U6A9 930 59X SC4105
C-331378 U6A9 932 59X SC4106
C-329804  U6A9 933 59X SC4107
A-385796-2 U6A9 936 59X SC4125
C-333404 U6A9 944 59X SC4108
C-331377 U6A9 946 59X SC4110
385566-2 U6A9 948 59X SC4124
C-331407 Ub6A9 962 59X SC4111
329814 U6A9 945 59X SC4109
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SECTION 4
MAINTENANCE
This section contains procedures for troubleshooting to the extent of replac-
ing components mounted on or under the main chassis assembly, and procedures
for removing and replacing parts.

Use the following test equipment (or equivalent) when taking measurements:

Simpson Model 260 Multimeter (20, 000 ohms/volt)

a.
b. Tektronix 545A Oscilloscope

c. Tektronix Type 53/54C Dual Trace Preamplifier
d. Tektronix Type P6022 (10X Attenuation) Probe

e. Test Set TS-402

If an oscilloscope with a narrower bandwidth capability is used, a reduction
in the fidelity of the waveshape reproduction will occur. This factor should be
considered when determining whether or not a board is performing properly.

4-1 TROUBLESHOOTING

The following paragraphs cover the troubleshooting methods for the high-
and low-voltage power supplies, the analog circuits by individual circuit board,
and the digital circuits.

A thorough understanding of the theory covered in Section 3 will provide the
repairman with sufficlent system concept to enable him to logically determine
which boards or components could cause a particular fault.

4-1.1 Routine Visual Checks. Depending upon the nature of the trouble, the
following items should be checked:

Interlock switch Sl (figure 2-2)

l®

o

Fuse F1 (figure 2-2)

All leads to printed circuit boards to make certain that they are
properly fastened to their respective terminals

lo

4-1.2 Voltage Checks. Use the symptom and probable cause chart (table 4-1)
to check the high- and low-voltage power supplies.

WARNING

Extreme caution should be exercised when making
measurements on the high-voltage power supply
(12 kV).
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a.

o

Check the output voltages at the terminals of low-voltage power sup-
ply A4 and high-voltage power supply A5. The proper voltages and

- their respective terminals are given in figure 4-1. Since regulation

is more important than the exact vdlue of voltage, slight variations
from the prescribed voltage value should be ignored. If either
power supply is faulty, it should be replaced.

Connect an ac-coupled oscilloscope probe to each of the dc voltages
in turn. With the oscilloscope gain control set for 0.5V/cm, check

that the trace on the oscilloscope does not move (jump). Allow the
probe to remain on each voltage for 2 minutes to be sure that it is

stable.
Table 4-1., Power Supply Failure Chart
Symptom Probable Cause
1. Characters moving within their |-1.2 kV unstable or excessive ripple
respective character boxes.
2.  No characters displayed -1.2 kV absent
3. Intensity of display varying and/ |+22 V unstable or excessive ripple
or flashing of presentation
4, No presentation on the CRT +22,-22,45,4100 or -1.2 kV absent
5. CRT sweeps jumping +100,+22, or -22 V unstable
6. CRT sweeps unstable on right +100 V excessive ripple
side only :
7. No presentation on the CRT, and |-22 V unstable
the 10-ohm resistors on horizon-
tal and vertical deflection ampli-
fiers A2 overheating
8. Intensity of CRT varying and/or |-1.2 kV unstable
characters unstable in their
respecitve character boxes
9. -1.2 kV un<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>