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ABSTRACT

In conjunction with the commercially contracted develop-
ment of the airborne four-frequency radar system to be used
in the Laboratory’s wave propagation studies, the master
console design was assumed by NRL. Four displays were
incorporated into a single console, along with transmitter,
receiver, and antenna drive control functions. Two cathode-ray
tubes present the PPI and B scans, while a third presents
dual traces representing linear A sweeps. The system-
control-panel-assembly portion of the master console was
completed on schedule to assist the contractor in the radar
development. The rest of the console was designed and com-
pleted so as to meet the contractor’s schedule for system
tests. Video circuit bandwidth requirements of 10 Mc and
sweep ranges from 1/4 mile up to 200 miles were met in the
critical A-scope circuitry.

PROBLEM STATUS

The main console portion of the problem has been com-
pleted. Other portions of the problem, including the develop-
ment of consoles 2 and 3, are continuing in this Branch.

AUTHORIZATION
NRL Problem R07-02

Project RR 008-01-41-5550

Manuscript submitted January 24, 1963.
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FOUR-FREQUENCY RADAR MASTER CONSOLE

INTRODUCTION
Background

In conjunction with the commercially contracted development of the airborne four-
frequency radar system to be used in the Laboratory’s wave propagation studies, the
master console design was assumed by NRL. Four displays were to be incorporated into
a single console, along with transmitter, receiver, and antenna drive control functions.
Two cathode-ray tubes would present the PPI and B scans, while a third would present
dual traces representing linear A sweeps for horizontally and vertically polarized signals.
The control facilities required included the choices of transmitter frequency, repetition
rate, pulse length, polarization, and antenna scan rate, magnitude, and bearing. A target
tracking gate control and a range-gate readout having a decimal-digital display, were
specified. The Data Processing Branch assumed the responsibility for the completion
and delivery of the console, with delivery dates to meet the contractor’s schedule for
system tests.

Accomplishments

The system-control-panel assembly is a separate unit on top of the master console.
It was assembled and wired as specified by the contractor in order to meet the specified
June 1, 1962, delivery date. In the display portions of the console, bandwidth require-
ments of 10 Mc were met by the video amplifiers. Extended sweep ranges of from 1/4
mile up to 200 miles were incorporated into the master console.

During shipment to the contractor’s plant, a fire of unknown origin started in the
packing material. Following return to NRL, emergency measures were initiated, with
material and manpower assistance from the Chemistry Division, for the cleaning, reno-
vating, repair, and repainting of the damaged areas. Delivery to the contractor was com-
pleted six working days after the originally scheduled date.

CIRCUIT DIAGRAMS
Function Diagram

The master-console function diagram is shown in Fig. 1. The trigger pulse lines
T, T,, T3, and T, terminate with 91-ohm resistors and drive the four-frequency-selector
switches for the PPI, Al, A2, and B cathode-ray-tube displays. The four trigger pulses
are also combined in the 1N916 diode “or” circuit, the output of which is delayed by the
variable delay circuit, then drives the normal sweep generator. The outputs of the fre-
quency selector switches go to the corresponding cathode-ray-tube (crt) unblanking
chassis. The delayed trigger line, upon which all delayed triggers come in sequence
from the radar synchronizer, pass through the buffer amplifier and to the input of the
expanded sweep generator. The output of the buffer amplifier also drives the line to
display consoles 2 and 3. The radar polarization signals drive the polarization selector
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switches for the four crt displays. The outputs of the polarization selector switches go
to the corresponding unblanking circuits. When a display is set to view both polarizations
being received by the radar receiver, a dc voltage is applied to the unblanking circuit.

When the console is being operated, the frequency selector switches are set to the
desired positions. The trigger pulses drive the time delay circuit through the diode “or”
network. The normal sweep generator produces output sweep and sweep period signals
for each trigger pulse out of the delay circuit, These signals go to the sweep control
chassis, where relays select between the normal and expanded sweep generator outputs
for the A, A,, and B displays. The expanded sweep generator is identical to the normal
sweep generator except for differences in the sweep lengths available. The expanded
sweep generator operates for every delayed trigger present, as only the selected frequency
will be unblanked. Since the PPI display does not use the expanded sweep, the normal
sweep goes directly to the resolver and the normal sweep period signal goes directly to
the PPI unblanking circuit.

The sweep control circuit consists of three double-pole double-throw relays, each
controlled from a toggle switch associated with the respective crt displays. The relays
direct either the normal or expanded sweep to the corresponding deflection amplifier. At
the same time the relay directs the associated sweep period signal to the corresponding
unblanking circuit, Thus if the Al crt sweep control switch was set on the expand position,
the expand sweep would drive the Al deflection amplifier and the expand sweep period
signal would be connected to the Al unblanking circuit, where it acts to blank the display
at the end of the sweep period.

The signal from the unblanking circuit is a positive pulse starting at the trigger and
stopping at the end of the sweep and is coupled to its corresponding crt grid through a
high voltage capacitor. This pulse raises the bias level of the crt and allows the selected
sweep period to be brightened on the crt. )

The sweep from the normal sweep generator drives the resolver buffer amplifier on
the antenna follower chassis. The resolved sweeps then drive the PPI deflection ampli-
fiers. A servo amplifier which follows the radar antenna motion drives the sine potenti-
ometer resolver. The servo input signals are designated as the S1, S2, 83 inputs. An ac
servo error signal from the radar antenna is inserted into the antenna follower servo to
correct for the dynamic errors of the antenna control servo, which would otherwise
degrade the PPI and B-scope displays.

The horizontal deflection of the B-scope is derived from the antenna sawtooth gener-
ator which controls the radar antenna drive circuits. A dc error signal and the demodu-
lated ac error signal are summed in the horizontal B-scope deflection amplifier in order
to have the displayed radar target intensified at the same point on the crt regardless of
whether the antenna is scanning clockwise or counterclockwise. Two error signals are
required for the B-scan because the radar antenna drive system has a followup error and
the antenna sawtooth generator has an independent followup error. Both of these error
signals must be removed from the B-scan deflection so that a target will appear at the
same point on the crt as the antenna scans back and forth,

The radar video is derived from two receivers, one each for the horizontally and for
the vertically polarized radar returns. The video is processed by the radar system,
providing for display the direct and gated video of horizontal and vertical polarization
amplitudes, horizontal and vertical phases compared against a local reference, and the
relative horizontal versus vertical phase. The video switching provides only the direct
ungated video for the PPI and B scopes. The Al and A2 scopes can be switched to pre-
sent any of the fifteen video sources from the radar processing equipment.
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The PPI and B-scope video amplifiers provide a negative output which drives the
cathode of these crt displays. Provisions are made to present the range marks through
these amplifiers. The Al and A2 scope video deflection amplifiers provide push-pull
output pulses which drive the vertical deflection plates of these crt displays. The range
marks are presented with the same polarity as the incoming video. Provisions are made
for presenting the two gating period waveforms with either polarity (by minor wiring
change) on the Al and A2 displays.

Figure 1 also includes all of the gain, centering, brightening, delaying, and switching
circuits necessary to control the crt displays. The main junction box terminal locations,
wire numbers, and plug pin numbers are shown where applicable. The panel and overlay
illumination circuits have been included.

Pretrigger Delay Chassis

The trigger signals being supplied by the synchronizer to the master console are
from 1 to 2 microseconds ahead of the main triggers. These pretriggers are delayed by
the circuit shown in Fig. 2 so that the crt sweeps will start at the correct time with
respect to the main triggers. An npn transistor amplifier drives a variable delay line
which permits the output to be delayed from 0 to 2.2 us. The tapped output of the delay
line is amplified and drives the input to the normal sweep generator circuit in Fig. 3.
The pretrigger delay chassis has a voltage gain between 1 and 2 and with an input pulse
having a rise time of 20 nanoseconds (ns) provides an output pulse with a rise time of
less than 0.2 microsecond (us).

1500p £
SERIES 1500pf
27-13
| —

PLUG 1500pf AD-YU ] BNC
?—‘i TYPE 551b P ?
= 0-2.2us —
= DELAY LINE 91 10K N

ara V2W 172w ‘/_t;/\

-+

fe-tus] | s |<—

Fig. 2 - Pretrigger delay chassis

Swzep Generator Chassis

The sweep generator chassis shown in Fig. 3 uses a single bootstrap circuit for gen-
erating the sweep. The sweep length is changed by a remotely controlled stepping switch
which grounds the proper charging capacitor in the sweep circuit. The normal and
expanded sweep generators are identical except for the values of the charging capacitors
as indicated in Fig. 3.

The trigger input pulse is amplified and inverted by V1A, This pulse sets the flip-
flop V4 such that V2 is cut off. The amplified pulse also aids in cutting V2 off faster.
With V2 cut off, the selected capacitor (C, in this case), starts charging positively through
the 1-megohm resistor. This waveform appears at the output of V3 as the output sweep




6 NAVAL RESEARCH LABORATORY

waveform. This signal is bootstrapped back to the 1-megohm charging resistor through
a 0.5-uf capacitor. When the sweep starts, the 1N627 diode is cut off by the bootstrap
action. During the time that the sweep generator is not operating, the 0.5-uf capacitor

is charged through the 1N627 diode from the +300-volt supply. The sweep voltage from
V3 is dc coupled to the grid of V1B, which is normally cut off. When the sweep reaches
the desired value (as determined by the bias on the grid of V1B), V1B conducts and resets
the flip-flop V4 such that V2 is again brought into conduction. The charging capacitor is
discharged through V2 and the sweep generator is ready for the next trigger pulse. The
positive pulse from the flip-flop is buffered through the cathode follower V5 and becomes
the output sweep period signal. This circuit produces a 30-volt-peak-output sweep signal
which can be varied from 3-xs duration to 2440-.s duration depending upon the value of
the charging capacitor selected. The sweep period output pulse is approximately 40 volts
peak.

Unblanking Chassis

The unblanking chassis circuit shown in Fig. 4 provides the necessary unblanking
waveform to the crt circuit for brightening the desired sweep periods on the associated
display. There is one unblanking chassis for each of the four displays. The operator
selects the sweep period by setting the front panel controls to the positions desired. This
provides the proper polarization signal, trigger pulse, and sweep period pulse to the
unblai:king circuit. The selected polarization pulse and selected pretrigger pulse, when
viewing the normal sweep period, drive the inputs of the “and” circuit consisting of Q1
and Q6. The polarization pulse is dc coupled because of its long duration. In case both
polarizations are chosen to be viewed, the input to Q6 is a dc voltage of +1 volt. When
the polarization pulse is at 0 volts, Q6 is cut off, thus allowing Q1 to amplify the trigger
pulse and drive the inverting amplifier Q2. The amplified pulse then sets the flip-flop
consisting of Q3 and Q4 such that Q3 is cut off. The sweep period pulse is differentiated
at the input to Q5 and the trailing edge is amplified by Q5. This amplified pulse resets
the flip-flop such that Q3 is made to conduct. The output of Q3, which provides the
unblanking period waveform, then drives Q7, which amplifies and inverts the output of Q3.
The output of Q7 drives a diode resistor network which provides the means of controlling
the amplitude of the unblanking pulse.

The brightness control potentiometer is remotely located from the unblanking chassis,
as indicated in Fig. 1. This control provides a dc voltage which keeps the 1N645 diode at
the output of Q7 from conducting until the voltage at the collector of Q7 exceeds this dc
voltage, thus controlling the brightening pulse amplitude. The dc level is not important
because the unblanking pulse is ac coupled to the grid of the crt and dc is restored at that
point.

When the expanded sweep is displayed, the circuit above unblanks the crt from the
instant of the pretrigger until the end of the expanded sweep period. This causes the crt
to be unblanked for the period just preceeding the expanded sweep.

Antenna Follower Chassis

The antenna follower chassis in Fig. 5 provides the servo system for driving a sine-
cosine potentiometer which resolves the output of the normal sweep generator for the PPI
display. The servo amplifier is a plug-in integrator servo amplifier from an AN/SPS-T2
radar trainer. A half-wave rectifier provides the -28 volts dc for the servo drive
transistors.
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j_f‘__gv UNBLANKING PULSE

ALL RESISTORS I/2W UNLESS OTHERWISE SPECIFIED ~1ov -iov
ALL TRANSISTORS 2N404's FLIP FLOP

O

=
390; (pf

POLARIZATION
PULSE

TRIGGER
PULSE

+10V

47K

JL 500pf
o—|

SWEEP PERIOD
PULSE

DIFFERENTIATOR

-iov
R33.3K 5.1K
MPL,FER_% UNBLANKING PULSE 1y rro 7

B

V IS VARIABLE FROM
’j_ oTO 18V
Suf

1000pf
UNBLANKING AMP

EXTERNAL BRIGHTNESS
CONTROL .

I0K 2K 100K
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The normal sweep is amplified and inverted by V1A, The inverted sweep is then made
push-pull by the split-load phase-splitter V1B, which drives the sine-cosine potentiometer.
The sine and cosine outputs are then buffered by the dual cathode follower V2. The overall

gain of the resolver circuit is unity. A sine-cosine potentiometer was chosen over a
standard sweep resolver because of the very large range of sweep lengths which had to be
resolved for the PPI display. The sweep lengths ranged from 12.2 s (1 mile) to 2440 s
(200 miles). No resolver system tried could satisfactorily cover this range.

PPI Deflection Amplifiers

The deflection amplifier circuit used for the PPI horizontal and vertical deflection is
shown in Fig. 6. The normal sweep generator drives a Raysistor remotely controlled
variable resistor which is a part of the input network. The input tube acts as a split-load
phase splitter and is followed by two push-pull deflection amplifiers which are connected
in an operational amplifier configuration. The final stage is capable of a +150-volt-peak
change of drive voltage at each plate and is capable of driving a 30-pf load reactance with
a 12.2-us sweep. The clamping circuits consist of dual triodes (VA and VB) which main-
tain the starting point of the sweeps at the center of the PPI crt. The clamping tubes are
driven by amplifier VC, which receives the clamp release signal from the normal sweep
period waveform. The centering controls as indicated in Fig. 1 are mounted on the front
panel of the master console,
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The Raysistor is a photosensitive resistor which is controlled by a built-in incan-
descent light. The light is controlled from the front panel by vertical gain in horizontal
gain controls indicated in Fig. 1. The Raysistor photoresistor element is sensitive to
large signals (within the power rating) and to ambient temperature. Also a noticeable lag
occurs when the gain control is varied. :

A1l and A2 Horizontal and B-Scan Vertical Deflection Amplifier

The horizontal deflection amplifiers for use with the Al and A2 horizontal and B
vertical sweeps use the circuit in Fig. 7. They are quite similar to that used for the PPL
The clamping circuits are not required, and this amplifier is offbalanced in order to take
advantage of the unidirectional sweep. This amplifier can produce a 300-volt sweep of
3-us duration at each plate of the output tube. This large voltage change is required
because of the crt’s low deflection sensitivity. As with the PPI sweep circuit, this deflec-
tion amplifier can drive a capacitance load of approximately 30 pf. Gain control and
centering are accomplished from the front panel the same as with the PPI circuit in
Fig. 6 and as shown in Fig. 1. g

B Horizontal Deflection Amplifier

Because the B scope horizontal deflection is slow, the deflection amplifier is dc
coupled throughout (Fig. 8). A Philbrick K2W amplifier coupled through a 1N744 avalanche
diode to the phase splitting crt deflection plate driver makes up the B horizontal deflection
amplifier. The gain is controlled from the front panel by a potentiometer in the feedback
circuit. Front panel control of the centering is accomplished by controlling the bias of
the K2W (see Fig. 1). A lower power deflection driver tube can be employed because of
the low frequencies used for this deflection amplifier.

Cathode-Ray-Tube Circuit

The crt circuit is similar for all four displays as indicated in Fig. 9. The PPI and B
displays use a dc restoration diode and a crt coupling capacitor is not required on the Al
and A2 displays. The only other difference is the 1090-megohm resistor used in the post
accelerator of the PPI in order to reduce the geometric distortion of the display. Later
measurements have shown that the 10-kilovolt postacceleration voltage on all cathode-ray
tubes should be reduced to approximately 2.5 kilovolts in order to eliminate the geometric
distortion caused by the crt. The unblanking signal is applied to all crt grids, while the
PPI and B video drive only those respective crt cathodec.

The crt bias control is used to adjust the crt cathode-grid voltage to the proper
operating region for the unblanking and video signals.

Video Amplifier PPI and B Scope

The circuit diagram in Fig. 10 is that used for both the PPI and B video displays.
Provisions are made to mix the video and range marks in the dual input cathode follower
VA. Range mark gain control is obtained by controlling the bias on a switching diode.
The mixed video and range marks are controlled in gain by varying the dc bias on VB,
The gain controls are mounted on the front panel as indicated in Fig. 1. The maximum
voltage gain of the amplifier is over 30 with a rise time of approximately 30 nanoseconds
while driving the crt display. The cathode follower uses shunt compensation, and the out-
put stage uses both shunt and series compensation, By driving the crt cathode, only one
stage of video amplification was required, thus avoiding the bandwidth shrinkage due to
cascading amplifier stages. '




| SWEEP
RIZONTAL AND VERTICAL

+150V

.
TO PINS {A (VER

CTRT ORC(HORIZ) o+I50V
I TROLS FIG |
f
O.lp 20K
+ 150V
39M V2W

24
15K
2w 25W

VIVVE 430K

-300V

SPECIFIED

b orizontal and vertical

TITSSYTANN

™M




+ 150V
*

TFARX |

© A
8
JAFHE g’looﬂ
AZ c
ERROR
500K ]
© D
100K
= VAMISTER
¥ 100K E
Q VAMISTER
J F
o @ L
) =
Q = Z G
5 & M 3
® @ & 10K H
X
3 Rl WHITE MOTOR-TACH: [|ORANGE Rl | RelD CONTROL
DAYSTROM TRANSFORMER
JXRZYELLON 9 MG GRA R2 BLA|CK KEARFOTT R5M-1a | |
26VAC |
400 ~
108 §J S g !
a3 33
_T_+ . a) 5 [ 2w INOI6  IN509 211 ol
1000 f @ F ) 56V
50V 300 63V @ SI 83 s2 | = FREQUENCY "
400 ~ JAFS I, 2, AND 3 COMPENSATE i = -
| = aopf 5i
| 150v° 14,
| TUBES: 6021 3 8 3
® FERRITE BEADS
| F ERROXCUBE
| K5.001.00/ 3B

Fig. 5 - Antenna follower chassis




12

EXTERNAL GAIN CONTROL o
39K 4W 5KI2W IBKAW ooy : +I50V

= PINK

ON HOR & VERT

PLUG (i65-12 & 165-11) vo/ve

SEE FIG | 20K
2W o.puf
)
—Q‘ . 5C4
JRHS
JpvS = ook Buf
B =
36K 22W g VIO/XT
: 150V
=¥
= -150V¢ T0 f8 (VERT)
H/V 12 PIN PLUG (16S-12 AND PINS\OR D (HORIZ) 10
165-11) FIG | co|
® -300v @ HTR
- 150V ® H/V GAIN
© oND © HTR
® - ® —
® — ® -1s0v
® HTRY\ BIASED AT -300V ™
® wtrJ FOR 5894 D3/D1
3pf
130K
6BC4 5894

X BALANCE
S 6.3VACBIASED ®
AT-300V

*® INDICATES KS-00I-00/3B
6.3 VAC FERRITE BEADS

xx RAYSISTOR CK- 1104

WHITE-RESISTOR
RED - LIGHT SOURCE

ALL RESISTORS 1/2W UNLESS OTHERWISE

Fig. 6 - PPI deflection amplifier,




11

JAFV

+150V
SINE- 47K
COSINE | T2W
+150V POTENTIO-
METER , "~ vaa
2 r PPI - HORIZONTAL
4 -~ ?JAFHS
aw ?c:v =
sl
NES. isov
COSINE JAFH
| 30V
l KN =
I +150V
[ ¥
| 47K 30V
w
l 30V
| 8T yop V&
L =—
6 7 PPI - VERTICAL
2 | s JAFVS
6.3VAC 20K
@ 600MA | 2w =
GND BIAS

-i50v

o




13

(Page 14 blank)

6110

6.3 VAC

=
L]
o
o
L2041

-
(-

i
o)




=
L)
o
o'
[yl
(&4
e
oy
Jremerd
rm
Lo
+I50V +150V
EXTERNAL GAIN CONTROL
39K AW SKI2W 3K 4W +150V
+H50V {2-1 VIS
-2VI2
= Ap—'l'—“E z B-SVI
Al-A Wi -
ON Al-AZ SWEEP {A-ZK 22\:4( ~ ot
ON BS PLUG -BSK
SWEEP IN 23 o’
/ y—— - 6BC4 100K
7.8 Mg 172w
A-1 JAIS RAYSISTOR = -/LO,I,uf
A-2 JA25 CK-1104 S5I0K S20K
BS JBSV  wWHITE-RESISTOR SI/2W $2W
RED - LIGHT SOURCE
X
-150V
6BC4 5894 10
6BC4 5894 X
/\ V2 6IovVao S ™
- 6.3 VAC 7 W5
4 5 LS| BIASED o.lpf] 1,
PR AT-300V = —2u
63 VAC IM 172w |
6939 _L——‘
X 02'. f—"_
9 1% 63vac J e # ¢
. ;é_ : +300V +300V g
X
15K P, 8 P, TO G
A-1VIT 15K
X8 INDICATES K 5-00I-00/3B Aovig  25W 5w A O NG
FERRITE BEADS BS V3 ‘\I" +300V
B- SCAN L
VERTICAL 12 PIN CONNECTOR 165 -11 ONLY ot 00 - o O.pf
A-300V  JHTR 3 p—
B +150V K VERT GAIN
C GND LHTR 5894
D M 4300
€ N - 150V 820 160K IW 300V
F HTR BIASED AT-300V 13W
H HTR FOR 5894 L
. =
-300V

Fig. 7 - Al and A2 horizontal and B-scan vertical deflection amplifier




NAVAL RESEARCH LABORATORY 15

HORIZ PLUG - 12 PIN CONNECTOR I65-12

A -300V J HTR
B8 +150 K GND
C GND L HTR
D HORIZCTR M +300V
E — N - 150V~
E :8’;5%2’% REMOTE GAIN
150K ! " 5ok
72w 1~ 500K
ISEEFIG I _| 2%, 300v +300
510K
— 11
|t 160K 330K
/I JBSH / \]
sI6 SIK '1.2)” 744
270K 1/2W
JBE 51k 172w 8
18OV 2 9
ERROR SI6 NOMINAL 910K 200K
1K (@ JBSHO slraw
172w ) CORRECTED 4 & ®
SWEEP - 300V -300V
_______ © _ _ _ _ 2 M 173W
/ \ LY Zs00v? LOCAL BALANCE
;. -150V 110K 1/2W { HOK I/2W +I50V 63VAC \72W
/ 25K : \\
/ REMOTE HORIZ CTR  \
SEE FIG |
+IN x® INDICATES K5-00I-00/38
~IN FERRITE BEADS

BNONDUWN -~
+
[
o
Q
<

Fig. 8 - B horizontal deflection amplifier

Video Amplifier Al and A2

The video amplifier shown in Fig. 11 for the Al and A2 displays, in addition to dis-
playing the video and range marks as a positive vertical deflection, must simultaneously
display the gating waveforms as negative vertical defléctions. - The video and range mark
signals are mixed and have their amplitude controlled in a similar manner as that used
for the B and PPI video amplifiers. The range mark gain control is accomplished by
biasing a switching diode (Fig. 11). The range mark and video signals are then mixed in
the dual cathode follower V1. V1 then drives the high gain stage V2, which has a con-
trolled bias at its grid for gain control. V2 then drives one input of the difference ampli-
fier V3. The two gate signals are mixed at the grid of the difference amplifier V5. V5
produces a push-pull output which is used to control the final output dc restoration cir-
cuits. Also, the positive going gate signal from V5 is amplified and inverted in V6, which
then drives the second input of the difference amplifier V3, Thus V3 combines the video
and range marks with the gate signals in the desired manner. The dual outputs of V3 then
drive the push-pull inputs of the final deflection driver stage V4. The outputs of V4 are
capacitively coupled to the crt deflection plates through series compensating inductors.
Centering control is accomplished from the front panel as indicated in Fig. 1. At each
output, 1N916 dc restoration circuits are used. The gate amplifier inhibits these restora-
tion circuits during the gate periods. When no gate signal is present, the diodes are
biased so that they will operate as unkeyed dc restoring circuits.

Shunt compensation is used at each stage except for the dual cathode follower and
gate amplifier circuits. Series compensation is used at the inputs to the final driver tube.
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M

The video amplifier has a voltage gain from the input to one of the outputs of approxi-
mately 30. The output rise time is approximately 30 nanoseconds while driving the crt
vertical deflection plate network. With the 5BFP cathode-ray tubes, this circuit has a
capacitance loading of approximately 25 to 30 pf and a sensitivity of approximately 45v/cm.
The output circuits driving the deflection plates are similar to those described by Thirup. *

Master Console Control Circuits

The various control circuits used in the four-frequency radar are located in the
master console. These circuits are shown in brief form in Fig, 12 indicating their termi-
nations either in the master console main junction box or at the contractor’s terminal
board indicated. Explanation of these circuits will be detailed by the contractor. Suffi-
cient information is presented here to indicate the circuits which allow the radar displays
to be turned off independently of the rest of the system. When the receiver filament ON

switch is operated, the relay controlling the 400-cps ac to the console displays is energized.

This in turn activates the heater supply transformer chassis shown in Fig. 13. Power is
also made available to the master console plate supply switch. When this switch is oper-
ated, all of the dc power is made available to the master console through the dc power
relay. When the dc power relay operates, the HV relay on Fig. 12 operates and supplies

~ ac voltage to the high voltage crt power supplies. A manually operated toggle switch at
the rear of the crt frame is placed in series with the HV relay contacts so that the crt high
voltages may be turned off independently of the dc power relay.

*G. Thirup, “Design of Low-Pass Amplifiers for Fast Transients,” Philips Research
Reports 10:216 (1955).
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Master Console Configuration

Figures 14 through 20 are pictures of the master console immediately before painting
and shipping to the four-frequency radar contractor. These pictures were made after the
console had been cleaned up and rechecked after the fire mentioned in the Introduction.
Figure 14 shows a front view of the crt display. The upper right side of the console is
shown in Fig. 15, while the upper rear view is pictured in Fig. 16. The large chassis in
the center contains the Al and A2 sweep and video amplifiers. The small projecting side
chassis on each side and supporting the main chassis, contain the B (on the left) and the
PPI (on the right) sweep amplifier circuits. The B and PPI video amplifiers are mounted
on the small chassis above their respective cathode-ray tubes. The two sweep generator
chassis are shown at the bottom of Fig. 16. The sweep control relays are mounted behind
and to the left of the sweep generators. The high voltage control relay is mounted on the:
shelf at the front and to the left of the sweep generators. Figure 17 shows the lower rear
of the master console. The delayed trigger separator chassis has been eliminated and is
not used. Figure 18 is a front view of the bottom of the master console without the con-
tractor’s chassis. Figure 19 pictures the top of the master console before the system
control unit is mounted on the console. The main junction box is shown in Fig. 20. The
dc power relays are mounted on the left side and the ac power relay is mounted near the
bottom left corner.

. PERFORMANCE

The completion of the design and construction of the four-frequency radar master
console was undertaken at NRL. The delivery of the master console by NRL to the con-
tractor on schedule was delayed by damage incurred by a fire in the truck carrying the
console to the contractor’s plant. The damaged console was restored to operating con-
dition and delivered to the contractor after six working days.

When the master console was delivered to NRL, it had been partially laid out and
wired. The portion of the work done at the contractor’s plant was continued where prac-
tical. The video amplifiers were redesigned and relocated in the console in order to meet
the bandwidth and operational requirements. The sweep generators and sweep amplifiers
were redesigned in order to provide 1/4-to 200-mile sweeps. Figure 21 shows the PPI
display with a 1-mile sweep range and a 0.1-us pulse. Figure 22 shows two views of the
Al and A2 displays, with time advancing from the right. The top Al display shows a
0.1-us half-sine pulse on a 1/4-mile sweep and the top A2 display shows a 0.1-us hali-
sine pulse on a 1-mile sweep. The bottom view shows the reverse of the top. Geometric
distortion can be seen in this picture. Figure 23 shows two views of the B display, with
time advancing from the bottom. The figure shows the 0.1-us half-sine pulse on the
1-mile sweep at the top and on the expanded 1/4-mile sweep at the bottom.

The video and trigger coaxial leads were wired to wafer switches by the contractor
as indicated in Fig. 1. This caused improper termination of these lines when the coaxial
leads from the switch to the various chassis were installed. In the case of the trigger
line, additional loading at the final termination beyond the diode adding network was added
until proper operation was obtained. In the case of the video lines, amplitude and some
phase distortion is encountered as the various amplifiers are switched through the various
positions. Later determination showed that the 10 kv chosen by the contractor for the post-
accelerator was too high and caused geometric distortion of the displays (see Fig. 22). The
. cathode-ray tubes chosen by the contractor were found to have a combination of low deflec-
tion sensitivity and high input capacitance (between 20 and 30 pf) thus increasing the diffi-
culty in obtaining the desired sweep and video bandwidths. The bandwidths were obtained
only at great expenditure of power in these circuits. These cathode-ray tubes defocused
severely a short distance (approximately 3 cm) from the center. The Raysistor units used
to control the sweep gain remotely were found to be excessively temperature sensitive and
to have too long an operation lag for this purpose. The units were also found to be sensitive
to larger signal voltages even though being operated within their rated limits.




Lo
19 =

(Page 20 blank)

el

o

Tty

Attty

o

~r

]
[}
vt

zeryridure oopra gy pue [V - IT 814

A

$8379vid303y ¢

[2v anv iv ¥04 S1MD IVDILNIAI] 18D HOIHM OL SANOJS FHHOD
[22-591 TONZHWY] Nid HOIHM SMOHS

(G1-22)

$Qv3d ONILYTOS! LMY
gg./00- 100~ S¥ *

SH3I4INdWY O3AIA 2V ANV IV

YNOPEE
4710 M ONV X aN9 ®
aNY N ANV L JVAES

NIVO 31v9

[

6569
- YMZILVZI
292V T igay = = =
cowr [
MWIV- x mzn ne
192V W._|_~mwz_ ol < %O0gl NI-P)
AT H (] Y SO B == — W4




TOHLNOD

i

NIVO
yDEYN =

H

10

.E V.MN‘BN\_ Al

Y = eeon =Yy ¥

wawr, T (
\s__s, Mz

440002

!

[

(969NI) I1G2NI

XHXX

YW OI mel 9P
— X ¥ X 500uTB6-bY

R0AE0

.Qo_>

L T o A
] 3710 J 3110
et : et = L Yy pe-61l yrye-6) Vnl_l . 9
NCLASSILIED T Men mei na ~ITIo M
_w..wi. ) TOSL  Tol 50653 WA 164b 2 {dg N
_ o e, * " Ml
— * *
*x
[ ) *x
-wf AOSI+
Jgel
J0HLNOD H
NIV 03AIA oz mz/l
WY
VWWA—
mz/1 ML
M6 I
<
*
ru_.o AGS+ £A
— & *
6£69 - 2
08|
wi_.oww Y
< *—-—Mz/
* BJ VW O! = O
w -
xpg ¢ Ve
* me/t <§o,__qﬂvm .
. g
& v ol TOSL ,
E I * Emlﬁ
yriios” = = * /i_.mv.l\x
A ;Nv_\m H
YML1lvzl H
* *,
* *
= yr
W agIS e M2/ mesi gz 0¢e)
= o8l 08I
mzest man

TOYLINOD
Y31IN3D

M2/ NI

Mgl YWOO! =—

(1¥2) va




NAVAL RESEARCH LABORATORY

21
; VER FILAMENT
+28V [\RF(BOI) TO: 22) T8I-I
r> a3 n n
I -A7 L JO _V_ U 9]
m-s7 [ M = POFF (302) al 327LAMP
5608 W
=< pusH BUTTON (NC) TO: 221 TB2-2
n
e RU:;I"\?ES BLACK ‘ZE PUATE OFF
A PON-A (303) Oreo — TO: 221 TB2-3
m—_ewllg ¥ 327 PLATE ON| (326)
= LAMP
svt?oﬂ
[ = ALL TWISTED PAIRS
17- 1o D-{EON-E {326) n | #20sHELDED
AR
= THREE SETS OF TWISTED PAIRS |—e—
- -Ag-M . ray
$a I Al M.Jo\i\cm 8 J,> A MC-9A I-EI-MC Q n CRT HTR
4B I FI- MJ\I\GIII-B&MJ o X MC-¢B I-E3-MC n»\;\\ ( ) 6
17 U \v
17V AC [
$c _m-As MJM& My MC-$C T-E5-MC_
Tal
XMC» L
COMMON — ¢ U MAIN HTR
Im-F3 o é:g _Y T -Ci-MC TRANSFORMER
m-ag/ 28vDC m cio, 1-C3-MC CHASSIS
LAl My I-C5-MC
+300V \:I ac POWER
M-EIMS_ mcrFsoe] A
v IL-FI-MC
-300v MJ
L-E2MY MEN30O nZ-F2-MC
XMC PISO| o Z
+150V o 22" XMJ T E3-MJ =4 F3me ~2.5KV
-A MJ Xmomso XE_F4_MC
150Vl \CJI E4-MJ S
X \g I KCP-I1
A5- MC-PIO M-F5-MC 10K COIL.
1oy oLAs Ay o\'\c _ Blg : HV +10KV
u{s SWITCH
IN REAR
_A6- : MC-NIO M-F6-MC OF MASTER
_lovdZTAST AM \'\cﬁ EGMT - B CONSOLE
g MC-P28
I-A7- IMJ n-€7- I In—w MC
+28Ve \1\“ B4 o MASTER CONSOLE
i 7777 __¥__ PLATE SUPPLY SWITCH
= ~ MC-PON b
I 327 LAMP
GND om A8 MY B4 -F8-MC 25600
I -E8-MJ T_/7$ =

Fig. 12 - Master console control

SSYTINA

1R

i3




22

NAVAL RESEARCH LABORATORY

| 3
_ o
J TRI % gs@aev:c Al VIDEO (3.34 A)
¢ 2 4 j o
| 3 o
TR2 g gs,zw\c A2-VIDEO(3.344A)
TRI c 2 4 @8A
THROUGH ,I
ZI??GCRAFT l 2 O O = TERMINALS
TRANSFORMER TR3 E 6.3VAC NORM SW GEB} ON TOP OF CHASSIS
CORPORATION / 2 4 @ BA ° EXP Sw GEN [(3A)
ol-1410 \l J
| 3
6.3VAC B SW AMPL
R . .
,r TRE ggg‘,@u \1 PPI SWAMP}(3-225“
\] O
i )
Al -A2 SW AMPL
6.3VAC -
I TRS 2§l§4@“ ] (1.358)
O GND
PIGMY PLUG ,t \l | - 3
TYPE e
15 VA 6.3VA B SCOPE AND PPI
BENDIX \ ¢ @i2same TRE ¢ 300V BIASED HTRS (5.4A)
PTO2F INPUT 4 2 4 @ 8A
B2% * O - 300V
- . | 3 :
BENDIX 115 VAC JUTCH'10T2R7 § % 6.3VAC A#%Az(gsol?)v BIASED
PTO2F INPUT @5.5A H -6
eIse - TF55X 0122 2 4 0 -300V
@ 0.75 AMP j | \
lo]
SAMEAS L g 6.3VAC DELAYED TRIG AND ANT
2 4 @554 FOL CHASSIS {4.35A)
\1 —C0 GND
i 3
O
STANCOR
473924TR9 g % Z@GZV:C AF CHASSIS {1A)
2 4 °
3 ! 3 °
TANCOR
STANCOR & g 6.3VAC B SCOPE VIDEO (0.64A)
473P25 2 4 @2A ) °
KI ! 3 \1
STANCOR 6 3vaC ag O GND
473P25 2 4 @2a PPI VIDEO (0.64A)
0

Fig. 13 - Heater supply chassis

Fig.14 - Front panel
of the master console




NAVAL RESEARCH LABORATORY

Fig. 15 - Upper right side of the master console
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Fig. 19 - Upper front of the master console

Fig. 20 - Main junction box
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Fig. 21 - Master console
PPIdisplay with al-mile
sweep and a 1-us pulse

Fig. 22 - Master console Al and
A2 display with a 0.1-ps pulse on
a normal 1-mile sweep (A2 top
and Al bottom)and on an expanded
1/4-mile sweep (Al top and A2
bottom)

Fig, 23 - Master console B display
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RECOMMENDATIONS

The present cathode-ray tubes should be used for the PPI and B displays only. The
postaccelerator voltage should be reduced in order to eliminate the crt geometric distor-
tion. Dynamic focusing techniques should be incorporated so that a larger portion of the
crt display can be used. The Al and A2 cathode-ray tube should be replaced by one having
a greater deflection sensitivity and a lower deflection capacitance.

The major recommended change is to replace the coaxial wiring for the video and
trigger lines with selection relays and buffer amplifiers in the main junction box. This
would eliminate all interaction due to mismatch and loading. This would require a total
of eleven coaxial lines interconnecting the junction box and the main console. All of the
fragile wiring of the RG-195/U coaxial cable to the wafer switches would be eliminated.

Modular construction should be used throughout the console where practical. The
gain controls should not use temperature sensitive elements or, in the case of the video
amplifier, vary the transconductance of a tube.

FUTURE WORK

For consoles 2 and 3, the method of using dynamic focusing of the cathode-ray tubes
will be determined and the crt for the Al and A2 display will be selected. Modular slide-
in units will be designed for the various functions and the overall console layout modified
for easier maintenance. Video-type relays will be selected for the trigger and video
switching functions. Transistorized circuits will be used except where vacuum tubes
provide superior performance. All vacuum tubes used except for the final deflection
drivers will be premium ruggedized subminiature tubes. The transistors used will be
silicon, so that effects of environmental temperature extremes may be avoided. The
video gain control will be through 100-ohm poteniometers which will terminate the coaxial
line. This will avoid a variation of bandwidth with gain as happens when a tube transcon-
ductance is varied for gain control. Gain control in the deflection amplifiers will be done
by varying the feedback resistance in these amplifiers.

The dc restoration used in the Al and A2 video amplifiers will be changed so that the
unblanking waveform inhibits the restoration circuit instead of the gating pulse. The
clamping circuit on the PPI will be released by the pretrigger so that switching transients
at the center of the PPI display can be avoided.
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