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ABSTRACT

A design study was conducted leading to development of a flexible
laboratory design tool for synthesizing and analyzing cockpit displays.
The resulting cathode-ray tube instrument synthesis system (CRT-ISS) is
compatible with standard analog computer systems and has a self-contained
provision for generation of 50 alpha-numeric and geometric symbols, each
of which can be displayed by any or all of the 64 time-shared display
channels. In addition, the size, static vertical and horizontal positioning,
and intensity of each symbol displayed can be independently controlled for
each of the 64 channels. The preprogramming of the display is accomplished
by patch cord plugging and adjustment of potentiometers. The output of the
system consists of X-, Y-, and Z-axes signals which permit driving conven-
tional cathode-ray tube oscilloscopes singly, in multiples, or in various
combinations. An additional task of the design study was the development
of a 2]1-inch solid-state display oscilloscope,
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SECTION I

INTRODUCTION

In the courae of simulating current aerospace vehicles and projecting
toward the simulation of future aerocspace vehicle configurations it has
become apparent that an increasing number of pilot and operator displays will
consist of cathode-ray tubes and electro-optical devices.

Creation of replicas of the above displays, for simulation purposes,
usuelly requires some of the followling techniques:

(1) Modification of meter faces or tapes

(2) Construction of servo driven gear trains

(3) Modification of film projectors

(4) Construction of special-purpose electronic image generating
equipment via interconnection of standard pulse and wave circuits, electronic
switches and closed-line television.

The purpose of this investigation has been o determine the feasibility
of rapldly programming the electronic generation of all or part of the displays
generally ancountered in simulation and presenting them at the display interface
via cathode-ray tube media.

A parallel purpose has been the development of an engineering model capable
of demonstrating some generation techniques for cathode-ray tubes {CRT's).



SECTION II

DEFINITIOK OF THE PROBLEM

Most of the display techniques, used in the past, have proven costly
from the standpoint of both hardware cost and the set-up time required for
fabricating and integrating each display.

The CRT has several advantages as a display device.

1) Low-cost for most of the common CRT types

2) Wide variety of configurations

3) Brightness and spot size comparable to any display devices
(under instrument lighting conditions)

L) Unrestricted format over the display face

Disadvantages of CRT displays may be summarized as follows:

1) Information must be introduced sequentially

2) For a constant acceptable flicker rate, writing time decresses
directly with increasing information density

3) Cbservable flicker frequency varies with the contrast and
separation between pieture elements

4) Display contrast varies with ambilent light and the color of the
phosphor employed

5) Ratio of peak fluoresence to phosphoresence is generally high,
for most phosphers, resulting in non-uniform brightness over the display
interval

6) High-voltage requirements and deflection-sensitivity vary
between tubes of different sizes.

Whether or not CRT's or actual aerospace vehicle displays are employed
in s simuletor some provision must be made for driving these displays
dynamically in accordance with the flight equations as perturbed by the
rilot.

Classically, flight simulator computation has been analog. More
recently hybtrid mechanizations or all digital mechanizations have heen
employed.

However dlgitized a simulator may be, 1t must ultimately drive
aerospace vehicle hardware which to date has been largely analog. Due
to these airborne instrument requirements a large number of signals will
be avallable at the simulator computer interface in analog form.



SECTION III
SYSTEM APFROACH

A. SEQUENCER

From the previous discussion of the problem it may be readily seen that a
displey machine capable of accepting anslog inputs should be more utilitarian
than one operating strictly from a digital address.

Furthermore, if the usual array of instrument displays is consldered from
the standpoint of informetion content a large body of redundant alpha-numeric
information may be found.

The distribution of this redundancy throughout a dlsplay panel ares indi-
cates that it would be desirable to keep & general machine configuration rather
than a fixed formet, useful for simulating only specific classes of instrument
configurations.

"General purpose" in any system denotes a certain flexibility and within
this connotatlion implies an expansible system which may readily adapt itaelf to
functionally serve as many portions of the simulator display-interface as possi-
ble.

Selection of the number of display channels to be used was hased on the
following:

1. Tolerable display flicker frequency.

2. Typical simulator information.

3. Any multiple of 2, so that full advantage could be taken of binary
awitching eircuits.

A flicker frequency of thirty cyclea was decided to be the lowest tolerable,
assuming P-1 or P-7 display screens.

Trace brightness was considered to be no greater than 315 f%.-Lamberts under
ambient lighting not exceeding & highlight brightness of 4O ft.-Lamberts. Typical
scope filter faces were assumed such as colored plexiglass and/or filter glass
faceplates.

Thirty-two channel display capacity wes chosen to demonstrate initial feasi-
bility with the capability of expansion to 64 channels after evaluation.

A pre-prototype engineering model of a 32-channel sequencer was delivered
to the 6570th Aerospace Medical Research laboratories, Wright-Patterson AFB, Ohio,
in July 1961 and after evaluation {in March 1962) a 6h-channel unit was constructed.

A 32-chennel unit utilized the same channel display time as the 6l-channel
unit but the frame time {display repetition rate) was 60 cps contrasted with the 30
cps employed in the Gluchannel system. This difference was due to the two to one
difference in the ngumber of display channels between the two units.

Provision wes made to divide the mschine capacity between elght display
devices, based on:

1. Amount of patch-penel spece.

2. Complexity of the resulting switching circuitry.

3. Abllity to run more than one simulator progrem at the same time
while using only one display console.



Since many simulator studies are in support of programs not necessarily
located within one laboratory, it seemed desirable to have a moderate degree of
portability. Hence the system was housed in a table top cablnet capable of
being moved about by two men.

B. CHARACTER GENERATOR

An 1deal character generator would be capable of tracing every conceivable
symbol within the limits of the imagination of the programmer. More practically,
from the standpoint of simulating merospace instruments, the capability was re-
stricted to generating the entire alphabet in upper case letters, all numerals,
and commonly used geometric symbols (rectangles, grids and circles).

The characters were permitied to be interchangesble with each other so
that new symbols could be introduced in the machine at will. With regard to
character format it became difficult to reduce circuit complexity without affect-
ing legibility.

The difficulty was centered about the requirement that the character be
written within the display time for cne chamnel (520 microseconds) and that the
legibility for characters approaching 1/4 screen diameter not be compromised.

Many character generation schemes were considered and they may be categorized
as follows:

1. Scanned charsacters:

&. Magnetic storage scan
b. Flying spot scanned film
c. Scanned monoscope

Waveform synthesized - employing passive network

Dot

Stroke matrix (all strokes deflected - unwanted strokes blanked)
Stroke character {only desired strokes deflected)

W N

Scanned characters were ruled out from the standpoint of complexity, the
excessive deflection bandwidths required for sharp poinis of discontinuity and
the lack of legibility at small character size.

Waveform synthesized characters using passive and active networks required
many precise inductors and cspacitors to yileld characters whose legibllity suffered
from & lack of unigueness (waveform synthesized cheracters give the appearance of
cursive writing).

Dot characters appeared very attractive from the standpoint of least circult
complexity but legibility suffered at large character size unless an ilmpractical
number of dots were used.

larger numbers of dots were not considered practical since the flicker rate
would decresse with increasing dot numbers unless display storage was used. Dis-
play storage was precluded due to the requirement for standard low cost CRT dis-
play devices.



Stroke matrix (with selective blanking) seemed to promise the best
results for all character sizes, but was not used for the following reasons:

1. Moderately high deflection rates resulting in low display tract
duty cycles with attendant loss in display brightness.

2. Complex blanking circuitry resulting in repetition rates comparable
to the deflection rates.

3. The system requirement dictated compatibility with & wide variety
of laboratory scopes, many of which employ low accelerating voltages.

L, A contemplated lsrge screen display scope accessory development
was intended to operate at high brightness and consequently high deflection
povers.

"Off the shelf" large-screen scopes have historically operated with
deflection bandwidths below 10 ke.

It was felt that components were becoming available which would permit
en order of magnitude of improvement in large-screen scope electro-magnetic
deflection-amplifier bandwidth, but nothing of the magnitude that would
permit large-screen repetitive writing of complete stroke metrices.

As a result of tle foregoing, a five-stroke character scheme was
employed in which all five strokes were utilized, either in seguence or by
restroking those characters where five unigue strokes were not regquired for
definition. This scheme permitied a character writing rate as low as 5 ke
which could be ssmpled by the sequencer and presented on 32 channels at a
60 cps frame rate.

As mentioned earlier the gequencer was evolved as & general purpose
sampling device. In line with this reguirement the character generator system
gpproach was to generate all characters in parallel time so that they might be
used in any display channel without regard to programming restrictions, and
also be availlable for use in other systems or sequencers simultaneously.

C. DISPLAY SCOFE

In applications such as energy management or navigation it is mandatory
to present the system cutput in large-screen format. Here, due to the duty
cycle and current density of the scanned phosphor area, one must consider the
brightness to be achieved at the maximm display rate. Attendant with any
brightness consideration is the spot size encountered with s given beam current.
The apparent spot size is uswally even grester due to optical spreading effects
in the phoasphor and in the glass.

For reasons of economy and versatility it wes desirable to have a display
scope chaggis which would accommodate a large number of CRT screen sizes.

Thus the deflection angle, accelerating potential, focusing method and
neck size should be chosen to encompass the widest variety of "off the shelf"
cathode ray tubes. A 70 degree deflection angle was chosen along with a
1-7/16 inch neck size as covering the widest group of the electromagnetically
deflected family.

Based on the requirements of the largest 70 degree CRT's commonly in use,
15 kv was selected for the 2nd anode voltage. Obvicusly, & reduction in anode
voltage or deflection power angle would accommodate any CRT's in the family
having lesser requlirements.
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Electrostatic focus was chosen based upon the increasing acceptance of
this method among commercial consumers of CRT's and the fact that its use does
not in any way interfere with the addition of electromagnetic focus when
degired.



SECTION IV
SYSTEM DESIGN

A. TIMING & BIANKING CIRCUIT

Since the timing and blanking functions are inextricably involved with an
understanding of the entire cathod-ray tube instrument synthesis system (CRT ISS)
design, they will be discussed prior to presenting either the sequencer or char-
acter generator design approach.

The block disgram and schematics of the timing and blanking functions appear
in figures 1, 2, and 3.

A master oscillator at 19.2 k¢ produces a negative pulse which is divided
and reshaped by & binary. The binary triggers a scale of five counter which
produces an output at the beginning of each of the 64 sequencer display intervals.
This output is used to trigger the master blanking multivibrator whose output
width is adjustable and insures that the CRT trace will not be visible while de-
flecting between channels.

Simulteneous to the foregoing action, the binary operates a delay multivib-
rator (mester trigger delsy) which in turn provides the system with a trigger via
the cheracter sequencer.

The delay 1s necessary to inaure the gtart of trace blenking prior to the
initiation of display switching in either the character generator or sequencer.

The ocutput of the character generator is used to trigger the sequencer binary
to move to a new displiay channel at the end of every fifth character stoke.

The binary is a counter which is scaled to generate the 64 pedestals required
for seguencer operation.

The 32 to 1 output of the counter reoccurs at a 60 cps rate and 1s fed back
to the master oscillator line lock section where it is compared with the 60 cps
line. Any deviation in pulse width or phase creates & DC error which is applied
degeneratively to the base of the master Blocking cseillator for fregueney conirol,

Thus, the entire display system remains in synchronism with the 60 cps line so
as to freeze any ripple field effects that would otherwise cause random trace motion
at the CRT.

Since the character generator operates at a rate which is five times the
sequencer display rate some provision must be mede for blanking between character
strokes. The 9600 cps output of the 2 to 1 binary is also applied to the blanking
trigger gate. This gate may be enabled on a channel by channel basis from the
paetch panel according to the discretion of the programmer. When enabled, the
blanking trigger gate permits 9600 cps undelayed pulses to trigger the master
blanking multivibrator and thus blank the trace between each character stroke.

B. SEQUENCER

The sequencer samples, in sequential fashion, each channel of information
available at the patch penel until all 64 chennels have been examined for equal
periods of time. The process then continues repetitively at a 30 cps rate.
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Bach channel congists of the algebraic sum of & coarse and fine position-
ing signal, an analog signal,and a character generator signal. A practical
limit of DC to 20 k¢ between 20 and 200 V peak to peak was set for the f£{t)
optional inputs.

The block diagram of figure L illustrates sequencer operation on one of
the 64 typical display channels.

The composite line lock and trigger, triggers the binary card once every
520 microseconds. The binery card is connected as a scale of 64 counter.

The 12 variable outputs (two from each of the six binaries in the counter)
are converted to 64 minterms via the sectional matrix.

The first portion of the sectional metrix converts the 12 input variables
into two sets of 8 minterms. One card of the second portion of the matrix
ylelds the sum of the first 32 sequential minterms.

The other card of the second portion yields the sequential sum of minterms
33 through 6k.

The matrix outputs are of low amplitude and have poor rise and fall times
primarily due to diode capacitance and reverse recovery time. The inverter
improves the pulse shape of the 64 matrix outputs and produces a pedestal
heving a rise and fall time of less than one microsecond, a zero signal level
of -15V and a satursted output level of +25V.

The inverter output is buffered by the complimentary buffer and the 25V
pedestal is applied as a turn-on pulse to three sets of two transmission gates
each.

Character and analog signals f{t) are permitted to enter the system via the
patch panel and pass through panel mounted attenuators, one for the component
of the function along the Y-axls and one for the component along the X.axis.
The attenuators permit continuous adjustment of the aspect ratio of the display
elements on each channel. The third signal consists of the sum of a coarse and
fine positioning signal also presemt in both the ¥ and X coordinates.

All of these functional display inputs are impedance transformed through
signal emitter followers to isolate the effects of the attenuator setting
versus gate loading and to provide a low impedance signal source to the gate
g0 a8 to optimize switching time and high-frequency performance.

There is a total of 64 x 3 sets of two transmission gates each for the
entire system (one set of 64 x 3 for Y and one set of 6k x 3 for X).

Each group of 64 gates has a common load resistor located on the
deflection outputs module.

The deflection outputs module consists of summing amplifiers, inverting
amplifiers and output switching to divide the sequencer output, according to
the option of the programmer, among eight scopes.

The summing amplifiers, one for X and one for Y, sum positioning, charactey
and analog computer inputs from the respective Y and X sets of transmission gates.

11
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The second amplifier in cascade re-inverts the signal so thet the console
output has the same polarity as the externally originating computer signals
introduced to the patch panel. Any transmission loss through the system is
8ls0 negated here by rescaling.

Sixteen transmission gates for dividing the outputs (8 for X and 8 for
Y) are bussed together and tied to their respective X and Y amplifiers.

Pedestals supplied from the divisible outputs card operate the deflection
output gates.

The programner may command the divisible outputs from the patch panel via
the OR gate. The logic is arranged sc that the main console output may be
gwitched to a scope at the beginning of any channel period and may be switched
off the screen edge at the end of any display interwal. Two such choices cof
SET and RESET are permitted on each of the eight divisible output lines. The
switching takes place on both the X and Y cutputs simultaneously.

C. CHARACTER GENERATOR

The character sequencer is the heart of the character generation system.
Ags the name implies it is very similar to the sequencer system used for sampling
the 64 display channels.

Three binaries connected as & scale of five counter receive a delayed
trigger signal from the composite blanking and trigger card. The six variables
from the counter are converted by a square diode matrix into five sequentially
occurring pedestals.

These five pedestals are inverted and re-inverted to produce a positive
ocutput for the first five character strokes.

Since & full 520 microseconds is allowed to display esch character, an
additional three cutputs are provided which consist of combinations of the
previous five pedestals for restroking on those characters having fewer than
five strokes. For instance, stroke #6 repeats pedestals occurring during
interval 2 and 3, stroke #7 repeats intervals 4 and 5 and stroke #38 repeats
intervals 2, 3, 4 and 5 {see figure 5).

The character buffer is used to impedance transform the eight switching
pedestal outputs from the character sequencer and to divide the pedestal load
80 as to relieve the component tolerances required for each pair of pedestal
inverters. There are three sets of eight buffers each, assigned to the above
task (see figure 6).

Symbol and character generation is accomplished within each of the 48 charac-
ter cards. Although each card is printed to be identical with all others, indi-
vidual option may be exercised in connecting components during construction, so
that the advantages of restroking may accrue in the form of a reduction in the num-
ber of components required.

The schematic figure 7 shows a complete five stroke character card where
the option of reatroking has not been exercised.

The left side of the schematic illustrates the Y coordinates of the
character and the right side illuatrates the X coordinates.

13
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The inputs labeled AC are capable of accepting any £(t) up to 20 KC and
are normelly driven from the 0° and 180° outputs of the triangular wave
generator located on the Geometrics I card.

The inputs labeled DC are attached to the +15V reference and the resistors
R3, R4, R17, R18§ and etc., are used to scale the DC voltage corresponding to
the sub-coordinate positions of each of the character strokes.

The dicde gates are turned on seqguentially in Y end X pairs by the positive
pedestal stroke from the character buffer.

For the schematic shown,strokes one through five would be required to
activate &1l of the five pairs of gates shown. The Y gates are in shunt and
their cutputs appear acreoss a common resistor R-73. The X gate outputs likewise
appear at the Jjunction of R-T4 and CR-3. Both the Y and X outputs are impedance
trameformed via emitter followers Q-1 and Q-2. Capacitors C-1 and C-2 are present
to protect Q-1 and Q-2 sgainst continuocus overload camused by accidental shorting
et the patch panel and to isolate long-term DC offsets in the output due to IC,.

The Geometrics I is the card that generates all of the f(t)'s necegsary for
character stroking and range circle generatioca.

The meater trigger from the composite blankirg and trigger card triggers a
binary (see figures 8, 9 and 10) which is RC coupled t¢ an operationsl
integrator. The triangular weve cutput of the integrator is RC coupled to two
inverting and isolating amplifiers in cascede ylelding the 0° and 180° triangular
wave outputs for the character cards.

Each 90° of the trapezoid constitutes & character stroke producing a constant
velocity display scanning beam thus ylelding uniform trace brightness over the
face of each character.

The gating for the rotating pointer function, Geometrics II, is also
contained with the Geometrics I card. These gates are used to modulate a DC
analog voltage correaponding to the Sine and Cosine of the pointer angle.

Another gate comprised of Q-52 and Q-45 accepts a DC signal from the patch
panel corregponding to the diameter of a circle,

The gate modulates the dismeter signal (at the character stroking rate)and
an operational bandpass filter. Amplifier '"D" generates & Sine wave output the
amplitude of which is directly proportional to the input diemeter.

The output transformer (T-1) forms part of an adjustable phase shift network
50 that a precise circle dlemeter mey be arrived at by adjustment of P-T7.
Amplifiers "F" and "E" impedance transform the phase-shifter output and
compensate the attenuation through the phase shifting network.

The Geometrics II card (figures 11, 12 and 13) converts the display modulated
voltages corresponding to the vector angle of the rotating pointer into resolved
f(t)'s corresponding to the X and Y beam deflections necessary to sweep out the
pointer.

Two operational bandpass amplifiers convert the modulated trig functions of
the angle into sinewaves whose amplitude and phase correspond to the resclved
sweep components of the vector. To insure rotation sbout the same pointer end
throughout all four quadrants the two output gates are operated as clamps in
synchronism with the input gat~s. The output becomes a sine wave whose point of
inflection is always clamped tc zero reference.
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D. VIDEQO AMPLIFIER

The videc amplifier permits laboratory scopes which have various or too
short Z-exis RC time constants toc be used as CRT ISS display scopes without
recourse to modifying. Ten megacycles were chosen as the carrier frequency in
order to preserve blanking pedestal rise and fall time.

The unit consists of three major sections {see figure 14):

1) Pulse amplifier V1 and V2.
2) Carrier generator V3 and Vi.
3) Modulated amplifier V5.

V3 is & crystal controlled oscillator (9.72 megacycles)} which is coupled
to buffer amplifier V4. The RF signal from V4 is RC coupled to amplifier V5.
In sddition, the amplifier composite blanking signal from V2 is applied via
RS and Cl to the screen grid of V5. The resultant output at the plate of V5
is a 10 megacycles carrier modulated by the CRT ISS composite blanking signal.
Panel adjustments L5 and C3l form & parsllel resonant tank circuit with the
output cable and load which is tuned to produce a current node at the diasplay
scope 7 axls terminals.

The modulaticn depth is controlled by verying the gain control Pl which
directly affects the peak to pesak value of the carrier signal.

The cutput level may be reduced by detuning C31 and LS5 to prevent overdriving
scopes having small amplitude blanking requirements.

E. DISPLAY SCOPE

At the time of this requirement none of the electromagnetically deflected
Jarge screesn scopes or amplifiers available could meet the requirement to deflect
the electron beam from one side of the cathode ray tube to the other (21 inches,
70°) in 10 microseconds. Therefore, a state electromagnetic deflection amplifier
wvas developed consisting of two identical deflection amplifiers for the X and Y
axis which are required to display the sequenced deflection waveforms generated
by the CRT ISS Main Console. The large screen display scope is presented as a
means of satisfying the requirement for high-brightness and rapid refresh rates
in the similation of energy menagement, navigation or other displays where either
large amounts of data or large map overliays must be presented to individual
operators.

The first trials to design a direct coupled deflection amplifier were
unsuccessful because of the voltage and power levels involved. After certain
difficulties experienced with a direct coupled amplifier approach, it was decided
to design an AC amplifier. The subsequent use of AC coupling between the driver
stage and the single ended series-arranged transistor output stage minimized the
coupling problems and Improved the amplifier relilability.

The block diagram for the resulting deflection scheme using AC amplifiers is
given in Figure 15. The AC coupled deflection amplifier for each axis consists
of two main smplifiers each driving one coil of the deflection yoke. The block
diagram for a main amplifier is given in Figure 16.
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During the time one amplifier is on the other amplifier is off. The
on and off time of each amplifier is 520 microseconds. The 520 microseconds
period is the display time of one channel of the alphanumeric information.
Each main amplifier consists of two preamplifiers driving the two poles of
each half-axis 180° out of phase. The poles are driven separately and out
of phase, to minimize the voltage impulse needed to obtain the desired current
switching time in the coil and also to reduce power supply current require-
ments.

The demcdulation technique uses a synchronous clamp. The signal is
clamped during the time the amplifier is off (input grounded). To obtain the
desired maximum 10 microseconds rise and fall time, the amplifier should have
a minimum upper 3 db frequency of:

fz = -35 = 35 ke
10 x 10~

For the output stage of the deflection amplifier a Class B single-ended
series-arranged transistor configuration was chosen (figure 17). The three
transistors in each half of the output stage are in series to permit high
power, large signal operation. Transistors QL, Q2 and Q5, Q6 are connected
in the common base configuration and are driven in series by the common
emitter transistors, The common base transistors give the desired high output
impedance for the amplifier to operate as a constant current generator. The
reliability of the output stage is increased by the connection of two 20 ohm
resistors in series with each half of the output stage thus limiting overload
currents to values within the device ratings.

The driver stage is connected to the demcdulators through a wide band
transformer, A "pentafilar" windlng technique was used to obtain the desired
wide band frequency characteristics, A variable voltage and current feedback
from the output stage to the driver stage permits adjustment of the amplifier
transient response for optimum conditions.

Modulators at the amplifier inputs modulate signals up to <10 volts in
amplitude. Next the inverter stage provides an output of phase signal for
driving the preamplifiers. The input impedance seen by the signal is approx-
imately 5000 ohms.

During the final stages of checkout of the A-C coupled deflection ampli-
fier, a transient cross-talk problem was experienced. One of the causes of
this difficulty was the complexity of the circuits used. At this time the
possibility of using the existing circuits as a building block for a direct
coupled push-pull amplifier was considered. The circuits were tested and
satisfactory results were obtained.

Two deflection amplifiers are used for each of the X and Y axes (figures
18 and 19). Each deflection amplifier consists of two preamplifiers (figure
20), two driver stages and an output stage. The 180° out of phase input
signals to the preamplifiers are supplied by the CRT ISS5. There are two
potentiometer controls in each preamplifier. The 500 ohm potentiocmeter ad-
Justs the input stage balance. The 5K ohm potentiometer is used to adjust
the forward bias of the output stage (figure 21). The two preamplifiers
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apply signals to the driver stages which drive the output stage. The driver
stage is an emitter follower (figure 22). There is no overall feedback in
this deflection amplifier; therefore, the gain stability and linearity depend
on local feedback,

The deflection yoke is made up of four coils. Each coil has two poles;
the approximate inductance of a pole is 125 microhenries, A pole of the coil
is driven by one side of the output stage (figure 21). Both poles of a coil
are comnected to the amplifiers so that they are energized at the same time.
The pelarity of the input signal determines which coil is energized, and the
direction of electron beam deflection. The amplifier bandwidth is sufficient
to permit deflection of the electron beam over the total width of the 21t
cathode ray tube in 10 microseconds,

A blanking amplifier blanks the CRT during the retrace time (figure 23).
The CRT bilasing voltages are shown in figure 2.

The 21" oscilloscope illustrated in figure 25 reflects the circuit
redesign.
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Figure 25. 21" DISPLAY SCOPE
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SECTION V
DISCUSSION AND CONCLUSIONS

Figures 26 through 29 illustrate the complete system in operation.

The system has been proven to be extremely flexible. Typically, it may
be programmed within one half-hour when changing configurations. The CRT IS5
has been used to present a wide variety of display formats. Specific comments
arising from checkout and usage of the system follow:

1. An adjunct to prograrming which has proven useful is the availability
of buffer pedestals at the front panel. During checkout of the system it was
possible to determine the condition of the operation by examining these pedestals.
These pedestals have been used to supply accessory equipment via the console trunk
lines.

2. BSequenced deflection output rise times were between one and five micro-
seconds on either X or Y output lines.

3. The intensity modulation feature has permitted the intensity of all
the display elements to be matched to each other.

4. Checkout and programming of the unit has been aided by employing the
M and blanking circuitry to indicate the presence of a channel whose location
was unknown.

5. The line lock circultry has kept the displayed images from shimmering
due to stray 60 and 120 cps ripple fields in the presence of the display CRT.

6. The legibility of the five-stroke character has been satisfactory in
practice especially for characters under 1/2 inch in the vertical dimension.

7. The flexibility of the character generation scheme las remained high
in that it has been possible to remove, insert, or trade characters independently
without regard to plug locations or any effects upon the rest of the system.

8. The output amplitude has proven sufficient for all of the various
laboratory scopes that have been used to date,

9., With the high frequency carrier employed (10 megacycles),.the output load
consisting of a cable and scope Z input axis became a transmission line problem
and it was necessary to provide an adjustable LC tuning arrangement so that the
proper VSWR might be arrived at in reconnecting from one scope to another.

10. The constant current gensrator approach to the output stage has eliminated
many of the operating hazards inherent in high power direct-coupled amplifiers.

11. No problem has arisen due to thermal enviromment and the differential
drive of each pole has divided the total power in the yoke load among many
amplifiers.

12, With regard toc the 21-inch CRT, it has been found that a 15 kv accelerating
potential yields the best compromise between display brightness and spot shape.

13. Polaroid filter glass has been helpful in reducing the effects of ambient
iighting and 35 ft.-Lamberts trace brightness has been readily achieved with no
appreciable increase in spot size,
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SECTION VI

TECHNICAL RECOMMENDATIONS

With regard to the system layout, it is suggested that future systems be
constructed with fixed patch psnels and rack mounting so that more room will be
avallable for added display functions.

It is further recommended that the intensity modulation printed cirecuit
cards be repackaged for greater terminal clearance &s the present layout is
subject to flashover unless very careful cleanup is followed subsequent to
soldering.

An 8id to programming and troubleshooting would be the addition of a
"one-shot" trigger pushbutton so that the sequencer could be advanced from channel
to channel at will. In order to make this function more useful it would be
desirable to have indicator lamps. Both buffer protecticn and channel indication
could be accomplished by utilizing two lamps per channel.

One lamp could be installed in series with the NPFN buffer emitter and the
cther lamp in series with the FNF emitter.

The NPN lamp would indicate the system sequence and the PNP lamp would
indicate a system overload by continucus illuminetion.

With this type of protecticn it would be feasible to utilize the buffer
pedestals to drive other circuits without danger of catastrophic buffer failure
due to accidental shorting of external wiring.

The problem of switching nolae csuszing occasional mis-triggering of the
diviaible outputs might be solved by connecting an inhibit gate driven by a blank-
ing pulse on the eight trigger input lines.

Logarithmic taper intensity modulation controls substituted for the present
linear units would be helpful in extending intensity adjustment range.

Elimination of program control of inter-character blanking should be worth
the saving in patch panel space,

A definite improvement to character stroke position, sequencer switching time
and intensity modulation delay could be effected by choosing silicon planar diodes
with & selected forward characteristic. The type HD4636 has been found to be
adequate for every location in the system where IN627's are presently used.

Character legibility could be vastly improved and system complexity could
likewlise be reduced by employing the presently developed modules in the following
variations.

1. Substitute a generator similar to the range-circle amplifier for the
triangular wave generator. Gate the output of this generator so that circle
quadrants are available during the existing character stroke time periods.



2. Classify all character strokes into a minimum number of coordinate
locationa and stroke sizes.

3. Form characters by combinatione of straight lines and curved segments
using a four-stroke scheme.
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