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ment procedure, all designed to improve equipment

maintainability.

The need for increased accuracy of
control for ATC brightdisplay systems
has resulted in the development of new
and simple circuits for remote control
of scan converter equipment.

Remote control capability in present
equipment is provided by special motor
controls. These motorized devices,
found particularly in the RBDE-4 and
RBDE-5 (Radar Bright Display Equip-
ment) scan converter systems, are es-
sentially low rpm motors, capable of
being operated in either direction and
attached to the shaft of a potentio-
meter. The pot acts as a termination,
and the desired attenuation is achieved
by turning the motor on in a particular
direction for the time required to move
the shaft and the wiper of the pot to
correspond to the desired attenuation.
A device of this type is shown in Fig-
ure 1.

This method of remote control is dif-
ficult to adjust to a precise video level
and DC voltage level because of poor
amplitude reset ability; little, if any,
reference to relative or absolute ampli-
tudes; lag, overshoot, and coast of the
motor; and in general, because of poor
human engineering relationships.

Several non-mechanical methods exist
for remote gain control. Generally,
they involve remote gain amplifiers, and
require elaborate or complex circuits
which include active devices such as
vacuum tubes or transistors.

In the near future, a new type of con-
trol will be replacing many of the mo-
torized controls in the RBDE-4 and
RBDE-5 display systems, and undoubt-
edly will be considered for remote con-
trols in other systems.
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This control satisfactorily handles vi-
deo up to 10mc, is passive, reliable,
and very inexpensive compared to com-
parable devices. The following is a
description of the application of this
control to the RBDE-5.

Photosensitive resistors and sources of
illumination (smalllight bulbs) are con-
nected in a very simple circuit which
closely approximates the attenuation
circuit (Figure 2) previously used.

The key to the new circuit is a device
built by Raytheon called a ‘“‘Raysistor’’.
This device is approximately the size
of a IHF transmitter crystal, 3/4"" by
3/4"" by 3/8'", and similar in appear-
ance, It is enclosed in a metal can
with four prongs on the base (Figure
3). The type used for this application
contains a 100mw photosensitive resis-
tor and a long life 25 volt 36 ma con-
trol lamp. With full bulb illumination,
25 vdc, the resistance of the photo-
resistor is approximately 20 to 40
ohms, With no illumination, Ovdc, the
resistance is on the order of 100 mil-
lion ohms (100 megohms). Herein lies
the capability to provide an easily ad-
justable remote control. Two Raysis-
tors are combined in the following:

The two photoresistors are placed in
series,

M

)

Figure 1

R

Figure 2

Power control to the Raysistorsis then
applied as follows:




The light sources are connected so
that one has voltage El on it and the
other has (20 - El) on it. Asthe
control pot is rotated, one light gets
brighter as the other gets dimmer.
If the control is adjusted so that LRyl
is fully off (pot maximum). then
LRy2 is fully on. Under these condi-
tions Ryl has a resistance of 100
dons Ryl has a resistance of 100
megohms and Ry2 has 20 to 40 ohms.
This means that the output line is
effectively at ground potential.

If we reverse the control so that LRyl
is fully on and LRy2 is fully off, then
Ryl has a resistance of about 20 to
40 ohms while Ry2 has 100 megohms.
Thus the output line is effectively
tied directly to the input line, across
an impedance to ground of approximate-
ly 100 megohms.

By varying the control pot, the output
line varies electrically between the
ground and the input line. This, in
fact, is identical to the way anordinary
pot works.

In the RBDE-S5, termination for the video
attenuation line is 1000 ohms. To
maintain this termination, the follow-
ing final circuit is used:

A one thousand ohm resistor is placed
in parallel with Ryl and a 1000 ohm
pot set at 1000 ohms is placed in
parallel with Ry2. Now, when 1000
ohms are inparallel with 100 megohms,
the resulting resistance is, for all
practical purposes, 1000 ohms. When
1000 ohms are in parallel with 20 ohms,
the resulting resistance is approxi-
mately 20 ohms.

Hence, the new Raysistor ‘‘synthesized”’
potentiometer circuit provides a varia-
tion (input to output) on a 1000 ohm
range of from 20 ohms to 980 ohms.
In this case the variation of input to
output ranges from 2% to 98%. Inmost
cases this variation is adequate for
complete input control of a device by
remote means.

In the event that a lower ‘‘off'’ resis-
tance is desired, with a corresponding
decrease in maximum output, the 1000
ohm pot can be decreased so that the
effective parallel resistance is less than
20 ohms. In control circuits that are
fed by emirtter followers or cathode
followers, the variation in load due to
the changes in the 1000 ohm pot has
negligible effect,

The photoresistor acts like a carbon
resistor in its ability to pass high

frequency signals without distortion.
One of the most important benefits of
this particular circuit is that it is
surprisingly insensitive to temperature
variations over the range of 100 C to
60° C. Solid state devices are no-
toriously affected by temperature.
Temperature compensating networks by
themselves can be complex. The par-
ticular configuration used with the
Raysistors results in very small output
volitage changes when temperature in

voltage changes when temperature in-
creases. A rule of thumb is that the
“‘On’ resistance increases 209 for a
temperature change from 10° C o 60°
C. The “Off"’ resistance decreases
by a factor of 10 from 10" to 60°C,

Analysis of the circuit shows that
changes in the ""Off’’ resistance have
no effect on the signal voltage, and a
209, change in 20 ohms (4 ohms) means
a 4/1000 or .4% change in the signal
output voltage.

Tests and numerous installations bear
out the circuitry, and the operation is
exactly as described.

Test installations on RBDE-5's and
RBDE-4's have shown that control is
very accurate, resettable, provides a
usable and realistic range of attenu-
ation, and is very reliable.

Because of these advantages, the low
cost of the circuit, and its accepta-
bility and desirability by air traffic
controllers, this circuit has been reco-
mmended to the Agency for use in
traffic control equipment, Existing
equipment is being modified, and future
systems, where remote control of video
and other key parameters is required,
will contain similar circuits. This
will further increase confidence of con-
trollers and facility personnel in the
use of bright display equipment,

The NASA has published a new group of 11 Tech-
nical Briefs on developments in the field of electronics

No. 65-10001--A circuit which converts AM signals
to FM for magnetic recording.

No. 65-10002--A tunnel diode circuit that provides
clipping action as the voltage crosses the zero axis.

No. 65-10006--A modification that increases light
output of injection-luminescent diodes.

No. 65-10007--A thermocompression bonding that
produces efficient surface-barrier diode,

No. 65-10010--An inexpensive, stable circuit for
measuring heart rate.

No, 65-10011--A circuit improvement that pro-
duces monostable multivibrator with load-carrying ca-

pability.

No. 65-10012-- A helical coaxial-resonator for use as
an RF filter.

No. 65-10013--Zener diode function generator which
requires no external reference voltage.

No, 65-10014--A tear ring which permits repair of
sealéd module circuitry.

No. 65-10018--A simple auxiliary circuit which
improves carbon arc ignition.

No. 65-10020--An optical arrangement which in-
creases useful light output of semi-conductor diodes.

Individual copies of the briefs, based on research
and development activity at NASA’s centers, may be re-
quested by writing to: Office of Technology Utilization,
Headquarters, NASA, Washington, D.C. 20546.
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