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EVALUATION OF A TRAFFIC CONTROL MONITOR
FOR USE WITH THE PRECISION APPROACH RADAR

SUMMARY

This report describes the operational and technicel evaluation
of an air treffic control aid called the PAR-1 Traffic Control Monitor,
built by Gilfillen Bros., Inc,, and modi:fied by engineers at the Technical
Development and Evaluetion Center of the Civil Aeronautics Administration.
The equirment was designed to monitor alrcraft making precision radar
approaches and to perform the co-crdination function between the PAR
controller and the departure controller. The equipment is also desigmned
to act as s monitor of the control instructions issued by the PAR
controller and to sound an mlerm i1f less than minimum separation develops
between alrcraft on approaches.

The PAR-1 Traffic Control Monitor includes direct-reading
meter indications of the distance from touchdown, the point at which
the airplane touches the ground, and of the ground speed of landing
errcraft, It also includes means of actuating a no-take-off warning
alerm when aircraft on approach reeches a preset minimum distance from
touchdown. The overteke warning alarm is actuated when aircraft on
approach heve less than minimum separation from other aircraft.
Malfunctioning of the equipment 1s 1indicated by a no-video elarm,.

In the evaluation of the monitor, use was made of both actual
and simulated aircraft targets. The results of the evaluation tests
indicate that the PAR-1 Traffic Control Monitor in 1ts present form
considerably increases the work load of the PAR comntroller and 1s not
sufficiently relisble to be used in the control of air traffiec.

INTRODUCTION

Precision Approach Radar (PAR) has bcen in operation at the
major civilian air terminals since 1947. It was found necessary to locate
the PAR iIndicators in & darkened room beneath the tower or under 2 tent-
like structure within the tower sinca present radar indicators must be
used at low light levels. A problem of co ordination between positions of
operation became apparent as soon as the operating positionse were
separeted. Close co-ordination between the PAR controller and the
deperture controller must be maintained, becsuse the departure controller
must kmow the proximity to touchdown of arriving aircraft before clearing
a departing aircraft for teke-off, This co-ordination at present is
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accomplished by direct voice communication under conditions of high
amblent noise or by use of either intercommunication equipment or
information light penels when positions of operation are not immediertely
ad jacent. Fach method has undesirable features.

It eppeared thet one solution to this problem would be to have
equipment which would perform automaticelly the required co-ordination
between the PAR and departure controllers. In order to inveatigate
possible equipment for this purpose, the Air Nevigetion Development Board
purchased from Gilfillan Bros , Inc., experimental range-tracking equib-
ment using circuits developed for the automatic ground control approtch
system, an instrument lnanding system (ILS) developed for the Department
of the Alr Force by this company. The resulting equipment, the PAR-1
Traffic Control Monitor, was delivered to the TDEC for evaluation during
February 1651,

EVALUATION OBJECTIVES

The purpose of this project was to perform the required
technical and operational testa to evaluate the PAR-1 Traffic Control
Monitor equipment when used with the PAR-1 rader, The evaluation
objectives were:

1. To determins the accuracy and reliability of the range-tracking
circuits, of the range-metering circuits, end of the no-take-off elarm
circuits

2. To determine the accuracy and reliability of aircraft velocity
indicatlions and the desirability end rcliability of the velocity memory
circuits,

3 To determine the accuracy =nd rclicbility of minimum aircraft
Separation alerm circuits when two and three aircraft are being trocked
over the distance ronge provided.

4. To study and to make technical changes, where required, for the
purpose of improving acquisition end trocking of tergets sid of improving
operation of alarm and velocity memory circuats.

5.  From the traffic controller's viewpoint, to determine necessary
thanges in position or arrangement of controls and indicators and to
8tudy the desirability of tracking-gate presentation on the PAR-1 displays.

6. To conduct appropriate flight tests for the purpose of
evaluating the equipment as a traffic control aid and to determine how
the equipment may be used to best advontzge at busy terminals when
operating under present-day standard PAR traffic control procedures. To

determine minimum aireraft separation and the number of aircraft that
can be hendled simultaneously,



EQUIPMENT DESCRIPTION

The PAR-1 Traffic Control Monitor was built by Gilfillan Bros.,
Ine., and modified by engineers of the TDEC. This equipment, as shown
in Fig. 1, was designed to perform eutomatically the required co-ordination
between the PAR and deperture controllers. A no-take-off alerm consisting
of a chime tone and = red signal light 18 actuated when an alrcraft on
approach pesses a predetermined range which cen be adjusted from one to
five miles from point of touchdown. Meter indications are available to
show the distance from touchdown of aircraft on approach and the ground
speed of these aircraft. In addition, the PAR-1 Traffic Control Monitor
was designed to monitor control instructions issued by the PAR controller
by actuating a warning alarm iIf aireraft on approaches have less than
minimum separation from other aircraft. This overtake alarm consiste of
a warning buzzer and en amber light.

The monitor permits simulteneous visual tracking of three
aircraft during their respective approaches to the instrument runway.
The radar target returns of aircraft entering the ten-mile range are
bracketed on the PAR radar indicator by two vertical video lines, or
index marks, which are generated locally by tracking gates in the monitor
equipment. These index marks are adjusted simultanecusly by a manunl slewing
control, Once the rodar target is bracketed, the tracking gate 1s switched
from the control merked "Slew" to that marked "Treck." The index marks
should then automatically follow the radar terget during the approach to
touchdown Each of the three tracking units of the monitor mey be
operated independently of the other two, ond ony three eilrcraft within the
ten-mile approach may be tracked at 2 given time. These three units arc
mounted vertically, nas shown in Fig. 1. A no-video alerm, conaisting of
& warning bell and white light, 16 actuated 1f rodar signals fade and the
gates cease tracking.

The monitor, as received from the monufacturer, included the
operating controls on the front panel of =ach unit. Groups of controls
were separated, and their operation would have required considerable
visucl attention on the part of the PAR controller. To 8implify operation,
perallel remote controls were installed at the left side of the PAR-1
"esk beneath the three-mile PAR radar indicator This permitted the
eontroller to operate the controls of the monitor with his left hand, his
right hend being free for operation of the PAR controls and the microphone,

8 1ndicated in Fig, 2, Controls for sach tracking unit of the monitor
include the following:

1. An adjustable kmob or slewing control for peaitioning the index
narks of the tracking gate on the PAR radar indicator.
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2. A switch to chenge tracking gates from slewing to tracking
operation and to sctunte o signal lamp which lights when the owitch is in
the tracking position.

3. A switch to turn off the no-video warning bell. An assoclated
signal lamp which lights to indicate the no-video condition when the
tracking gates are in the tracking position.

L. 4 button to reset the overtake elarm An associated lamp
s1gnal which lights when the overtake alarm cireurt 1s actuanted.

5. A switeh to turn off the index-mork presentation on the PAR
indicatoer.

5 A signel lamp which lights to indicete that there should be
no teke-off.

The matericl which follows 1s & resumé of informetion presented
in the Gilfillan Bros., Ine., Handbook 1

Each one of the three range-tracking units 1s identical to the
others in circuitry and components and 18 composed of the bagic ¢ircuits
gshown in the block diagram, Fig. 3.

BLOCK FUNCTIONS

Delay Multivibrator.

Trigger-in signals are received from the PAR equipment and
amplified by the 12ATT trilode buffer stage V-14 The traiggers are then
epplied to the 6J6 multivibrztor stage V-2  The multivibrator gate
output is differentiated by cepacitor C-4 and reaistor R-13 in the grad
circult of the 12ATT blocking oscillator V-3 The poaitive pulse
corresponding to the trailing edge of the gte triggers V-3. The positive
portion of the pulses produced by os¢irllator V-3 cppear alternately at the
suppressor grids of the 6AS6 ecerly-late gote dutectors V-4 and V-5,
cousing them to be placed 1n a condition thrt they mey conduct when
stondardized video is applied to their control grids.

Stondardized Video,

Video from the PAR equipment is applied through the viden gain
control to the grid of V-12, the first tube of a two-tube, 6AK5 amplifier
circuit. Amplified video ebove a level dstermined by potentiometer R-80
fares blocking oscillator V-14, a 12AT7 tubc, which produces pulses of

1ga1f111en Bros., Inc., "Handbook of Instructions for Traffic
Control Monitor for Precision Approach Rodar PAR-1," Jam 25, 1951,
pp 1-8, Sectann IV.



5

uniform height and width for tracliing pwrposes. The blocking oscillator
16 also geted by intensity gates from the sweep limiter of the PAR
equipment (blenking gate in), whach sllows only those radar echoes
appearing on the indicator display to reach the tracking circwit of the
traffic control monitor. The blanking level is controlled by potentiumeter
R-82. This gnting 18 necessary to permit blanking of the normal heavy
ground clutter occurring nlong the ground line of the elevation display
Video pulses from the blacking oseillator V-14 are mpplied to the control
grids of the 6AS6 early-late detcctors, which are 8o bissed that they will
paea current only when video pulses and pulses from the early-latc
generator coincids., The eignal passed by the carly-late detectors at

the time of ¢eoincidence of videc signals and either the ecrly or late
gate 18 applied to the grads of o differential integration circuit
consisting of two triode sections of a 12ATT7 tube V-T7.

Range and Speed Informatiom.

Range-gated video signels which are applied to the 12AT7
differential integrator V-7 are used to vary the charge on capacitor C-11.
Video coineiding with an carly gate will be passged by one triodc sectinn
of V-7, charging this ¢eapagitor C-11 Video coinciding with the late
gate, however, will be passed by the other tricde section and will
discharge cnpoeitor C-11. A voltage proporticnal to the speed of the
pireraft ~ppecrs across caopecitor $-11 and will, therefore, appear ot the
cethode of the 6J6 cathode follewer V-8. When the ronge-tracking unit
18 set to the tracking function, this voltage :i8 applied to the input of
the 6AUS renge integrator V-9 by means of relays in the slew-track
circuit The signzl applied to V-1B, a 12AT7 cathode follower, results
in a variasble voltage drop across the resistsonce network R-38, R-39, and
R-62. A voltege changing with renge 18 thercforc applied to the range
voltmeter, thc no-take~off circuit, the multivibrator delay control
circult, end the minimum const speed circurt.

Range Voltmeter.

The potential existing between the more positive end of the
R-38, R-39, R-62 resistance network and ground 13 measured by the range
voltmeter on o lincar scele, with the meximum range of ten males
repreacnted hy 2 S0-veolt potential

Speed Indicator.

The output mensured by the range voltmeter 1s opplied to a
differentiating network consisting of crpacitor C-ll rnd resaistor R-52,
The voltage at the output of the differentiator, representing speed, 1s
epplied to =z control grid of V-11, a 124X7. This speed voltage, appearing
as a potential acroes the plates of V-11, 18 measured by tho speed indicator
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on o scals, of 0 to 50 microsmperes, expressed as O to 250 miles per hour
(mph) Test points, for externzcl measurement and for remote indicators,
ere provided et both the range meter cnd the speed indicator.

Multivibrator Pulse Width Control Cireuat.

The potentizl measured by the range voltmeter is olso applied
to the control grid of one sectlon of the 6J6 deloy multivibratar V-2.
The gote width of the multivibrator output 18 controlled by range voltage
divided through the R-10 and R-11 potentiometer combination

The variable pulse width of the output of multivibrator V-2,
controlled as a direct funckion of range voltage, causes the tracking
novement of the index merks on the indicetcr displey of the PAR
equipment. Aircraft approaching the reder installation cause video pulsees
to coincide with the early gates, charging capacitor C-11, causing the
speed voltage at the cathode of V-8 to rise and the range voltage from
V-9 to fall Decreasing range voltage decreases the gate width of the out-
put of multivibretor V-2 and causes the index marks to move along the
PAR display toward the point of indicated touchdown.

Index-Marks Control and Output.

The positive pulse of the 12ATT early-late gate generator V-3
18 applied to the grids of mixer stage V-6, a 12AT7. The pulse on one
control grid, however, is delayed with respesct to that on the other
grid by the two-microsecond delay line., Output of the mixer V-6
consisting of two pulses separated by a two-microsecond time interval
18 taken from the cathode of V-6 through the index-merks gain control
potentiometer R-60 and applied by coaxial line to the PAR equipment.
A switch in the grid return cirguirt of the dual-triode mixer circult turma
the index-merks pulses on and off when desired. The symmetry of the

pulses applied to the mixer stage i1s controlled by the potenticmeter R-16
in the cathode of V-3,

Minimum Ceoast Speed Circuit.

A tap on the R-38 potentiometer determines the direct current
(de) voltege applied to one grid of the 5687 dusl-triode regenerative
amplifier V-10. A voltage-dividing network in the plate circult of the
first triode section of V-10 1s so arranged that decreasing range voltage
v1ll cause the firet triode section to cut off and the second triode
section of V-10 to conduct when the tracked emircraft reaches a glven range
from touchdown The velue of the potential applied to the control grid
of the first triode gection, and therefore the circuit controlling voltege,
18 varied by potentiometer R-38. Minimum coast speed voltage from
potentiometer R-43 is applied to a control grid of the 6J6 cathode
follower V-8. This causes an approximately equal voltage to appear at the
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cathodes of V-8 and maintains & minimum 1nput value to the range integrator
V-9. For a minimum tracking velocity corresponding to 50 knots, the
cathode of V-8 18 held at approximately five volts positive with reapact

to ground.

Velocity Memory Stiffening.

Conduction by the second triode section of V-10 causes
normally closed relay K-1 to open, inserting resistor R-26 in seriles with
capacitor C-11., This increases the time constant of the circuit driving
the 6J6 cathode follower V-8 and stiffens the velocity memory of the
circulrt.

No-Teke-0ff Warning

Renge voltage at the cathods of V-1B appearing across
potentiometer R-39 1s applied to a control grid of the 5687 dual triode
V-23. Decreasing range voltage causes the first triode section of V-23
to cut off and the second triode section to conduct when the tracked
aircraft reaches a given range from touchdown  In conducting, the second
triode section closcs relay K-5, sounding the no-take-off chime and
1lluminating the white no-take-off panel lamp. The control grid voltage,
corresponding to the range from touchdown at which the no-take-off
warnings are actuated, is varied by potentiometer R-39.

fo-Videco Alarm,

Video coineiding with either early or late gates 18 applied to
one triode section of amplifier stage V-20, a 12AT7 tube. The amplified
video 18 then applied to blocking cseillator V-15, & 12AT7T  The output of
V 15 18 rectified by ane section of V 16, a 6AL5, and charges capecitor
C-41 to a negative potential The negetive potential of eapacitor C-31
biases V-22, a 2D21 tube, to cutoff. Decay nf this bias by the discharge
of capecitor C-31 through res1igtor R-93 and R-88 (no-signal time delay}
causes V-22 to conduct, closing relay K-5 which 1lluminates the red
no-video pancl lamp and gounds the alzrm bell. Due to circult constants,
the potential of capacitor C-31 will dascharge through resistor R-G3
in five seconds. Thus, the absence of video signals for a five-sccond
(rdjustable) time period will actuate the no-video warnings.

Overtake Warning,

The late getz pulse from the two-microsecond delay 15 amplified
by ore triode section of V-17, a dual triode 12AT7 A ncgative-going gate
1s gencrated by V-17B ond V-18A, beginning ot the end of the late gate and
enduring for a time equivnlent to the desired minimum separcotion of air-
craft on the glide path epproach. The width of the gate generated by V-17B
end V-18A 18 controlled by potentiometcr R-105 (overtoke renge).
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The gate generated by the V-17B and V-18A multivibrator is mixed
with corresponding gates by V-18B, whose cathode 13 connected in parallel
with cathodes of corresponding tubes in the other two range-tracking units
by the protection bus, The protection bus, therefore, carries positive-
going gates representing the safety zones behind all zircraft being
tracked. A pulse corresponding to the enrly gate 1s compared with all
prctection gates by mixer V-19, a 6ASS tube, which 18 go biased thot 1t
will conduct only when the range pulse (early gote) coincides with any
portion of any protection gate existing on ihe protcction bus. Such
coincidence, therefore, occurs only in the unit tracking the overtaking
amarcraft. It cannot occur within o single unat, since = two-microsecend
delay occurs between the range pulse and the inmitiotion of the gate.
Conduction by V-19 jonizes the 2D21 thyratron V-21, c¢losing relay K-T.
This relay, in closing, zctuates the overtike worning buzzer and
1lluminates the amber overtake warning panel lomp,

Slewing Control

The slewing control R-64 affords menual adjustment of the gate-
width control voltage applied to the delayed multivibrator V-2  When
the rangec-tracking unit 1s set to the slewing function, a fixed de
drop appeers across resistor R-64, and a varichle portion 18 applied to the
grid of the 12AT7 cethode follower V-1B. Thas potential, in turn, appears at
the cathode of V-1B and i1s applied to the delaysd multavibrator V-2.

Track-Slew Control
a Treck Position
When in track position, the track-slow switch provides the
following functions-

1. Connecta the circuit of the range differentintor, or speed
indicator, by the closing of relay K-3.

2 Connects the circuit of the range integrator V-9 end the
cothode follower V-1B by closing certain contacts of relay K-2.

3 Illuminetes the grecn treck light by c¢losing contacts on
relay K-3 and turns off the blue slew panel lemp

4 Removes dc voltege from potentiometer R-64 from the grad
of cothode follower V-1B.

5. Disconnects the grid of V-84 from groumd

B Slew Poeation.

When 1n slew position, the track-slew switch provides the
following functions,

L. Disconnects the circuit of the range differentiator, or
speed 1ndicator, by the opening of certain contacts of reley K-3.



9

2. Grounds the control grid of the range integrator V-9 and
disconnects the grid cairecuit of the cathode follower V-1B by cpening
certain contacts of relay K-2.

3 Applies dc voltage from potentiometer R-64 to the grid of
cathode follower V-1B by closing certain contacts of relay K-2.

4  Resets the no-signal nlarm by removal of & plate potentiel
from thyratron V-21,

5. Resets the overtnke warning by removal of a plete potential
from thyratron V-21.

6 Resets the overtake warning relay by rcmovel of the
actuating veltage.

7. Shuts off the green track penel lamp and illuminates the
bluc slew panel lamp by opening and closing of certain contects of
relay K-3

6. Connects the grid of V-84 to the ground.

TECHNICAL EVALUATION AND RESULTS

Target Simulators and Video Mixers.

In order to eveluste the equipment, two target simulators for
the PAR-1 were designed and constructed to provide either two separately
controlled targets or to providc ground clutter. The simulated targets
mey be controlled in velocity, size, range, azimuth, and elevation angles.
A schematic diagram and = discussicn of the theory of operation of the
PAR-1 target simulators 18 given in Appendix I. A video mixer was
designed and constructed so that the simulated targets could be mixed
with the radar returns from the PAR-1. Appendix II contains o schematic

diagram =nd discussion concerning the theory of operation of the video
M1XEer

Revisions of the Original Circultry.

At the beginning of the evaluction of the PAR-1 Traffic Control
Monitor, 1t becamc apparent that the method provided for mixang the PAR-1
video information with the video of the index marks that come from the
monitor was not satisfactory. With the direct mixing system provided, the
index-marks video output of the tracking units appeared at thc inpat of
thesc unite. As a result, they tended to track the index marks that they
generated To rectify this situation, o cecond videu mixer was
constructed to provide for insertion of the index-marks video for
Pregentetion on the PAR-1 indigator at a point 1solated from the video

input of the monitor. This video mixer 1s 1dentical with the one mentioned
previcusly

The method provided for coupling the sweep-limiting blanking
output of the PAR-1 sweep limiter chassis to the monitor wes unsatisfactory.
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Since the low input impedance of the monitor 18 in shunt with the high
1mpedance sourcc of blanking in the PAR-1 sweep limiter, thas affected
the sweep limiter operation, The resistance-capacltance method of mixing
the sweep-limiting blanking with the PAR-1 video in the tracking unit was
undesirable becrugse of 1te discriminatory fregusncy charecteristics An
enzlysils of the video amplifier circuitry of the monitor revenled that
several fectors contributed to the naerrow video bandwidth nnd insufficient
video output from this circuit. The effect of the limited band-pass of
the video amplifier was to cause discrimination ageinst sharply defined
targets and tn eliminate them completely in meny cases. The video
stondardizer circuirtry was revised to correct the deficiencies in the
criginal circuit. Fig. 4% 1s = schematic disgram of the original circuit,
and Fig., 5 18 a schematic diagram of the reviszed circult.

Limiting i1n the circuit of V-12 was caused by low screen
voltage The value of R-67 wes changed from 47,000 ohms to 4,700 ohms.
The resistor R-134 in the grid circuit of V-13 formed = low-pase filter
in conjunction with the input cepacity of V-13, which limited the video
bend-pass. Thais resistor woas eliminated in the revisions. The high
resistance load for the plate circuit of V-13, zssociated with stray
and tube capacities, further decreased the already limited band-paas.
Tube V-13 was changed to & 6AH® to give the required increase in vadeo
output to drive V-14, and resistor R-78 wos changed to 3,300 ohms to
improve the bendwidth of the videp smplifier. A blanking mixing gtege
was added to give the reguired i1solation from the PAR-1 asweep limiter
circult and to give = method of mixing the video and blanking signals that
was not frequency selective within the desired tand-pass,

The output sweep-limiting blanking signal of the PAR-1 sweep
limiter 18 fed to & high-resistance voltage divider in the grad circuit
of the blenking mixer The signal in the plate circuit of the first half of
12AU7 18 the some omplitude as in the grid carcuit, but of opposite
phase. A crystal diocde in the grid circuirt nf the second half of the
12AUT blznking mixer restores the dc component of the waveform  The plate
of the second hzlf of the blanking mixer has o common connection to the
plate of V-13 and to the grid of V-l4A to prescrve the de component of the
blanking and videc signals at the grid of V-144., The signal level that
will cauge conduction in V-1hA e¢on be varied with the potentiometer in
the cathode circurt of V-1ka.

Comparative tests werc mode of the originel znd revised circuits,
The revised circuit correctsd the undesireble features of the original
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circuitry.€ The limited bendwildth of the video amplifier was due mainly
to the use of incorrect resistor sizea. In addition, some of the coexial
ccbles provided wath the monitor were of the incorrect 1mpedance.

When tests were sterted to evaluate the effect of ground clutter
on the operation of the tracking circuits of the monitor, erratic
operation of these eircuits prevented the taking of data that could be
repcated with any degree of meccuracy. With the no-video clarm circult
disabled and the slew-track switch in track position, the tracking gate
drifted at high speed in either directivn. The tracking circults would
not acquire a terget when this high veloecity drift occurred. A4n
investigation 2f the cause -f instzbility in the traocking circuirts revealed
that the trouble was in the time -diseriminator circuirt, shown in Fig. 6.
The cireuit 15 arranged so that the two trinde sections are 1n segics
across the +150 and -150 volt de¢ power supply vrltages, The cathode »f
V-T7A has a common econnection to the plete of V-7B and to the grad of
V-84. The integrating capacitor €-11 1s chorged to the penk value of the
error voltage by current flow through eithor helf of V-7. The resistance
to the ground ot the Junction of the cathode of V-74, the plate of V-T7B,
and the grid of V-84 would be infinite 1T 1t wore not for tube and circuit
leakage. Tube leakmge causes & charge £> be bullt up across C-11. This
may either add to or subtract from the error voltage across C-11 and
czuse a Tixed drift eomponent to appear across it The amount of leakage
of V-TA and the polarity varies with individuel tubes, aging, and tube
temperature, This leakage mede the opcration of the tracking unit
unreliable,

In 12AU7 tubes, two types of leakoge cxist., Current flow from
the cathode to the filament coused C-11 to chnrge in a positive direction.
A circurt modification, using a separate filement transformer for V-7
with the center tap returned to o variable negative voltage, neutralized
the effect of this type of leakage. The other type of leekage may be
due to small quentities of gas libercted in the tube, causing C-11 to be
cherged negotively. The quantity of gas incrocses with tube aging  Thas
type of le:kage cannot be controlled with a minor circurt modification
Various types of tubes were tried in place of the 12aAU7. Of the types
tried, the Typs GAU6 was the only one that would not upset the aperation
of the circuit because of individuzl tube characteristics and eging. The

2611f1llen Bros , Inc., were cdvised of these revisions. They
had developed the circuitry for the blanking end index-marks mixing for a
model of the GCA radar other than the PAR-1.
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revised schematic diagram of the time-diacriminator circuits 1s shown in
Fig. 7. The grid bias resistor networks were changed to compensate for the
smaller grid cutoff voltage of the 6AU6E tubes.

It was found that the overtake alarm would not operate with the
minimum separation control adjusted for three miles, In addition, the
overtake alarm was frequently triggered by switching trensient signals.
In order to make the alarm actlon indepcndent of range and less subject
to triggering by switching trensients, certain modifications of the
circuit were required., The original eircuit ie shown in Fig. 8, and the
revised schematic dimgram 1s shown in Fig, 9. A crystal dicde type of
de restorer was added to the suppressor grid circuit of V-19 to prevent
changes of duty cycle of the gating waveform from changing the output
si1gnal at the plate of V-19, The sensitivity of V-1% was lowered by
adding a 10,000-ohm resistor in parallel with R-119 and a 470-ohm
resistor in series with the cathode of V-19, A capacitor was added to
the control grid circuit of the range delay multivibrator V-2A to
integrate switching trensients that caused instability in the range gating
gignal.

TESTS AND CIRCUIT ANALYSIS

The action of the trecking circurts 1a such that a target
positioned on the early gate will produce a larger error voltage than one
rositioned on the late gate. If the tracking gates are centecred on a
slow-moving target, an overtaking terget will take over control of the
tracking gate when 1t pesses the slower target. When a target that 18 being
tracked passes through heavy ground clutter, the gate will jump ahead
Blightly upon encountering this clutter and will stop for an instent until
the target slides up far enough on the early gate to overcome the error
signal from such clutter. The larger error voltage derived from the
early gate 1s an aid in tracking through cluttcr. When tracking targets
through noise such 28 signals returned from precipitation the larger error
voltage from the early gate 1s detrimental, since there 1s a tendency for
the tracking gate to pull aheed of the target. When a target that is
being tracked passes through heavy ground clutter, the error signal
varies widely., This causes the velocity meter to fluctuate between auch
wide limits that a close approximation of the target speed cannot be
obtained It may be desirzable 1f the velocity meter were more heavily
damped to average out thesec fluctuations.

The walue of the no-video alarm circuit is questionable. IFf
video signals arc lost in ground elutter, the alarm will not operate
becausc the clutter will provade an aqual video aipgnal required to hold
the alarm circuit beyond cutoff. The no-video alarm can be set for a
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five-second delay in warning 1f the target 13 lost in the absence of
other s1gnals. When switching from slew to track, the no-video alarm
will operate in one second 1f the target 1s not acquired 1n that time.
In the technical evalustlon tests the no-video alarm circuit wes made
1inoperative so that the tracking gate could be brought to rest at the
desired range with the unit i1n the track position, Under these conditiona,
the signal from = terget running into the gote will teke contrel of 1t
sc that acquisition of = target 18 gimpler. A circuit designed to give
warning when the velocity of the tracking gate falls below e specified
value might provc to be of more operational value than the present
no-video alarm circuit

Tests were conducted to determine the minimum signal-to-noise
rotio which would allow relicble operction of the moniltor  Simulated
s1gnals were used for this measurcment and were mixed with the noise
in an additive mixer. Since the signal from the radar would heve
different chnracteristics because the noise and signal are subjected
to o modulation process in the radar receiver detector, a slight error
may have been included in this measurement.

The signal-to-noise ratio was measured as the ratio of puak
signcal power to avermge noise power —To messure the average nolBe power,
the PAR-1 antenna scenning mechanism was stopped in the elevation position.
The receiver gain was turned to maximum, and the tranamitter and target
simulstor were turned off so that no video signels werc present at the
input of the tracking unit. A dc restorer ¢ircuit wes cepacity-coupled to
the input of the tracking unit, and a dec vecuum tube voltmeter was used to
measure the aversge value of the nolse across the dc reatorer. This re-. .
storer 1naured that the noise level would rise in & positive direction
from the reference level of zero volts. PAR-1 antenna scanning and the
simulater were then turned on, the cutput of the simulator was odjusted
for the minimum signol for reliable tracking, and the peak-to-peak value
of the signal was measured in the absence of noise. The minimum signal-
to-noise ratio which would allow reliable uperation of the monitor while
tracking o torget having & velocity of 120 mph was 3 decibels (db).

Tests were conducted to detsrmine the ability of the monitor to
trock simulated turgets through ground cluttcer. The simuleted target
velocity was kept at 120 mph  The PAR-1 azimuth sntenns was tilted as
for down as possible to get meximum ground clutter, and the signal-to-noise
ritio of the video information to the tracking unit was adjusted to 16.7 db
The monitor tracked simulnted targets under the above conditions at ranges
of ten to one-helf miles. At one and ono-half miles the ground ¢lutter on
the PAR-1 ten-mile indicator completely covers the azamuth scetor of the
sweep and 33 per cent of the elevation scctor Fig. 10 18 a view of the
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PAR-1 three-mile indicator showing ground clutter conditions that existed
during the performance of the above tests. Fig. 1l shows the PAR-1
ten-mile indicator under the same oonditions, and Fig., 12 chows the

PAR-1 ten-mile indicator with e simulsted signal-to-noise ratio of 3 db

After modification, the PAR-1 Traffac Control Monitor was
operetod for a period of 112 hours without readjustment. This was done
to determine the stability of 1ts circuits., Periodic checks werc made
on two of the tracking units. There was no mecsurable chenge in the
aceuracy of the overtake alarm circuits, and the accuracy of the range
meter calibrations remsined within ten per cent. The minimum coast
speed remelned within ten per cent of the original velocity of 50 mph,
aznd the range accuracy of the no-teke-off alarms remained within the
limits of accuracy of the range meters The eccuraey of the gpeed
indications on both tracking chassis was within three per cent immediately
after alignment. Checks were mode with veloeities of 50, 100, 150, 200,
and 250 mph. The electrical zero adjustments of the velocity meter
drifted considercbly after several hours of operation. After 112 hours, the
velocity meter indicetions with the trocking getes at rest were 20 and
16 mph  The maximum veloeity error of the two units during this peried
was 49 end 11 per cent for low vclocity targets. The maximum error ror
high velocity tergets was 15.4 end 20.2 per cent. The larger percentage
error at low vclocities on the first unit nccurred beeause the crror of
zero setilng added to the target velocity. From the tests conducted, 1t
is apparent that the instsbility ond insufficient damping of the speed
meter circuitry limits its operatinnal value.

OFERATIONAL EVALUATION AND RESULTS

Description of Eight PAR-1 Approsches

A gerieg .f flight tests was madce to determine the operational
volue of the PAR-1 Traffic Control Monitor. During the flight tests,
sequential photographs were made of the faces of the PAR-1 indicntor
tubes. The tests were conducted using two of the three tracking unit
chassis. The video standardizer ond overtoke alorm gircuits of one
chassis were modified. The other hed all of the modifications previously
degcribed. The one with the modifications mrde to the tracking circuitry
gave more stable operation The rangc circuits of both units were
realigned for nautiecnl miles to conform with PAR-1 indicator calibration

The results from eight PAR-1 approoches are prescnted in Tablc T.
Typical photographic views of the PAR-1 ten-mile znd three-mile indicators
representing unususl and sversge conditions are shown in Figs. 13 to 20.
Only a few of the photographs taken are included in thais report.
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Fig.
No.

13a
none
13b
none

none

13c¢

none

13d

lha

none

14p

none

lhie

nomne

144
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TABLE I

RESULTS FROM EIGHT APPRCACHES

AFPROACH NO. 1

Aircraft  Range
Tyoe (m1les)

Navion 61/2
Navien 5 1/2
Navion ha/u
Nevion 3 3/k4

Nevion 3
Navion 2 1/2
Navion 1 3/4

Favion 3/4

Remarks

Week signals, tracking properly
Tracking properly
Tracking properly
Tracking properly

Wealk elevation signals, tracking
Properly

Weak elevation signals, tracking
properly

Tracking properly through ground
clutter on azimuth display

Tracking properly through ground
clutter on azimuth display

APPROACH NOQ, 2

Beechcraft 7
twin-engined

Beecheraft 5 1/2
twin-cngined

Beccheraft 5
twin-cngined

Beecheraft L 1/h
twin-engined

Beccherart 3
twin-engined

Beecheraft 1 1/2
twin-egngined

Beecheraft 1 1/4
twin-engined

Tracking properly, no elevation
s1gnals

Tracking properly, weak elevation
B1ghals

Tracking properly, weak elevation
81gnals, ground clutter on zzimuth display

Trracking properly, weak elevation and
azimuth signals

Tracking properly, weak elevation
g1gnals

Tracking properly, no elevaticn
g1ignals, ground clutter on azimuth display

Not tracking, no elevation 8ignals,
ground ¢lutter on azimuth display



Exposure
No.

1

2

) LSS

Cn

L

Fig.
No

15a
none
15b
none
15c
none

15d

16a

none

16b

none

16c

none

none

none

164

16

TABLE I (CONTINUED)

RESULTS FRCM EIGHT APFROACHES

Aireraft
Type

DC-3
DC-3
DC-3
DC-3
DC-3
DC-3

DC-3

Beecheraft
twin-engined

Beecheraft
twin-engined

DC-3
Besacheraft

DC-3
Beecheraft
DC-3
Beecheraft
DC-3
DC-3
DC-3

ne-3

APPROACH NO. 3

Range

(m1les)

61/2
5
M
2 1/2
2
11/2

1

Remarks

Tracking properly
Trecking properly
Tracking properly
Tracking properly
Tracking properly
Tracking properly

Tracking properly

ATPROACH NO, &4

7 1/2

51/2

4 1/2
2

gl S

1/0

374

e

2 3/h
1 3/h4

Tracking properly

Tracking properly

Tracking properly

Tracking properly, no elevation
s1gnals

Tracking properly
Yot tracking

Tracking properly

Not tracking, no elevaticn signale,
weak aziputh signhals

Tracking properly

Tracking properly

Tracling properly

Tracking unstable



Exposurc
No

1

2

Fig.
No.

none
nane

17a

none

17h

17c

none

1lrd

none

18a

18b

18¢

134

1

TABLE I {CONTINUED)

RESULTS FROM EIGHT APPROACHES

Aircraft
Type

DC-3
De-3

Beechcraft
DC-3

Beechereft
DC-3

Beechecraft
DC-3

Beecheraft
DC-3
Beecheraft

Beecheraft

DC-3

Beeccncralt
DC-3

Beecheraflt

DC-3

Beecheraft

LC-3

Beechecraft
De-3

AFFROACH NO. 5

Range
{miles)

8
5 1/2
1/2

v
3
6
21/2

(W}

Remarks

Tracking properly with transponder

Tracking properly with transponder
Tracking properly
Tracking properly with transponder

Tracking properly
Tracking properly with transponder

Tracking properly

Tracking properly with transponder,
no elevation slgnals, tracking
trangponder relay

Tracking properly
Not tracking bocause transponder reply
stopped when aircraft turned off course

Tracking properly

Tracking propsrly

APPROACH NO, 6

21/

Traecking properly with transponder

Tracking properly
Tracking properly with transponder

Second transponder reply from DC-3 hae
merged with reply from Beecheraft,
tracking properly

Tracking properly with transponder

Tracking properly, Beecheraft passed
second transponder reply and pulled the
tracliing gate with 1t

Tracking properly with transponder

Not traclking, weal elevation signals
Tracking properly on tramsponder reply



Exposure
No.

Fig.
No.

19«

19b

1%¢c

19D

20a,
20b
none
20¢

204

18

TABLE I {COWTINUED)

RESULTS FROM EIGHT APPROACHES

Alrcraft
Type

DC-3
Beecheraft
DC-3
Beecheraft

ne-3

Beecherarlt

DC-3

Beechcraft
Beecheraft
Beccheraft
Beechcraflt

Beecheraft

APPROACH NO. 7

Range

(males)

T
6 1/2
4 1/
L 1/e
3

3 1/2

2

Remarls

Tracking properly with transponder

Trecking properly
Tracking properly with two replies
from transvonder

Not tracking, ground clutter on azimuth
display

Tracking properly with transponder
replies

Tracking propoerly after resctting
tracking gates
Tracking properly with transponder

APPROACH NO. 8

6
k 1/2
3
2

11/2

Tracking properly
Tracking properly
Tracking properly
Tracking properly

Tracking properly, no elevation
signals
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Data and photographe obtained during the approaches show that the
equipment tracks weak signals properly in the ebsence of ground clutter
s51gnals Under severe ground clutter conditions, strong signals from both
the elevation and azimuth antennas are regquired for satisfactory operation.
Strength of video signals fed to the tracking unit depends upon a number of
factors including the PAR-1 intermed:ate-frequency amplifier gain
ad Justment and upon the accuracy of antenna servoing.

In most cases, tracking of the different types of aireraft was
satisfactory until the aireraft were from two to one miles from the PAR-1
or approximately one and one-half to one-half miles from touchdown
Generally, when the tracking unit lost the target at the small ranges,
ground clutter signals were present and signals from the elevation antemna
were weak because of improper PAR-1 sensitivity control adjustment or
because of i1ncorrect servoing of the elevation entemma. At these ranges,
accurate servoing of the elevation antenna reguires frequent use of the
antenna servoing switch., The horizontal angle of the aircraft with
respect to the antemna center line changes rapidly at small ranges
because the PAR-1 18 located on one side of the runway  When more than
one eircraft 1s being tracked 1t 1s 1mpossible to serve agcurately on all
aircraft, parti¢ularly i1f one 18 near the touchdown point. Ground clutter
¢ffeets wall be more serious at ailrports having more obstacles on tho
ground under the approach path.

During the first four agpproeches, the PAR-1 sensitivity timc-
control circuit adjustment was ingorrect and signals from targets at
small ranges were attenuated excossively  The sensitavity time-control
circults werc adjusted to provide less attcnuation after the fourth
approach was made. The Rho/Theta Transpondey roplies appear slightly to
the right of the aircreft on the displays, because corrcection for
transponder delay had not been made at the time of these flights. IT
trenspondcr delecy 1s corrected, tho aircraft tearget and transponder
replies would coincide. The angular sizc of the transponder reply on the
indicators is no larger than the normal target  Additron of the transponder
reply almost doubles the length of the target in range, singe the pulse
length of the transponder pulse 1s approximetely 1 O microsecond. Tho
PAR-1 pulse width 1s approxamately 0.5 migrosccond.

Results of 150 Simulated and Actusl Approachos

A total of 150 simulated and metual ooproaches were conducted
during the operational evaluation, Of this total, 96 actual aircraft
approaches were made, the balance being rader targets from an elcctromic
alreraft-simuletor device,

The first approaches were conducted to check the reliabilaty of
the tracking units. A Novion airplane wos used Tor these tests, It was
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necessary to operate the PAR antemna serve control frequently to obtaln
the strongest possible target with a minimum of ground clutter because
of the tendency of the trecking gates to be captured by ground target
returns. PAR controllers reportcd an inereasc 1n work load as a result
of the constant critical adjustments regquired in antenna servo controls.

The no-video alarm was zctuated five times during the first
saven approachcs. On each occasion that the alarm was actuated, the
aircraft redar return was visible on the PAR indicator and was consldered
n usoble target for conducting approaches, however, the rader return wae
apparently not strong enough to keep the tracking gates in operation.
During 54 of the actuzl aircraft approaches, the no-video alarm was
actunted 29 times not i1ncluding no-video alarms actuated when the tracking
gates failed to capture initially and to track a new target., The no-
tzke-of f nlarm was actuated each time the tracking getes followed the
aireraft target to the present no-toke-off point two milea from touchdown.

Eleven approaches werc made to check the accuracy of tho range
and velocity meters  The actusl ground speed of the aircraft was
determined by stop-watch timing of the mircraft target on the PAR
indicator from the elight-mile range line to the six-mile ome and again
from the four-mile renge line to the two-mile. Range meter accuracy was
determined by comparing the meter reoding with a direcct reading of the
radar ronge of the target on the PAR indicator.

A Douglas DC-3 and & twin-engined Beecheraft were used 1n
performing the range and velocity meter checks., The aircraft range
1ndications were very relicble; however, the veloclty meter varied
almost continuously over a range of 10 knots less than the actual ground
speed tc 30 knots gremter than the actual ground speed, The vclocity meter
indications were not considered accurate cnough for traffic control
PUrposce.

Several approaches were conducted to check the reliabi.lity of the
overtake <larm. The alarm circuit waes adjusted to operate when aircraft
being tracked were separated by a distance of two miles or legs. The
Pilots of both saircraft were instructed to make the twrn into final
approach at varying distences from touchdown. As soon as the gates of the
monitor were tracking the asircraft rndar returns, the pilots were
requested to vary air speed to allow the following sircraft to eatch up
with the preceding one. The overteke alarm was ectuated each time that
the one following was two milce or less behind the ono leading.

During the multiple approaches, the trocking gates lost the
aireraft radar returns several times This actusrted a no-viden alarm and



21

was believed to rcsult from servoing tne PAR antennas to one aircraft to
obtain a better rader target Suech scrvoing results in reduction in radar
recturn from the other alrcraft. This was particularly noticeacble when the
azimuth antenna was servoed to obtoin the best return from the first
aircraft on the glide path with the second one still below and approaching
the glide path., Similar difficultiea were experienced when the glide-path
chtenna wes servoed to the first aircraft for best returns ond when the
second was not yet lined up on the localizer coursc. As polinted out
previously, 1t was essentiel to obtain maxamum aircraft returns and
minimum ground returns by proper servolng in order to prevent the tracking
units from being captured by ground returns. Ground returns were greatest
between the touchdown point and the four-mile raonge, ond 1t was therefore
necessary to favor the first aireraft on epproach when servoing cntennas.

A number of ILS approaches were monitored during rain conditions,
cadsing varying degreea of pre¢ipitation clutter on the precision radar
sCcopes The tracking gates mormelly would not track targets 1f any degree
of precapitation eclutter was opparent, cven though the targit could be
followed visually by the PAR controller.

The Douglas DC-3 airplone was cquipped with e ftransponder for
some of the tests. During thesec test runs, the PAR receiver intermediate-
frequency gain wae lowercd until normel video and ground returns were not
vislble on the PAR indicemtor. The tracking gates then functioned very
gntiafactorily. All of the alarms and warnings werc actuated at the
proper timcs, and the velceity meter gave o very steady indication. The
amount of controller work load was reduced considerebly when the
tronsponder terget wos used. Some test runs were made with one caircraft
sgquipped with 2 transpondcr in combination with an circraft not so
equipped. The tracking getes followed the transponder torgets very well,
but cons.derable difficulty was aghain exper:enced in tracking the other.

During all n»f the flight tests it was neccassary that the
controller ccnstantly watch the progress of the tracking grtes on the PAR
indicztor te sce 1f they were etill folleowing the radar returns.
Frequently the trocking gotes would be captured by ground returns for
periods of 5 to 15 seconds before the no-video alorm wae actuzsted. As a
result, the PAR controller could not depend upon the alarm eircults for
proper warnings but was forced to check the monitor constantly to insure
thnt index moarks wore following torgets properly.

Though only two of the threec anvaileble tracking units hed been
medified for these teats, 1t was difficult for the controller to determine
repldly which index marks on the PAR indicator were asgsoccicted with alarm
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signels and to determine where corrcetive action was necessary ofter an
alarm woe actuated. When using all three units, the controllers found 1t
quite difficult to remember which tracking unit was following a specific
terget

When the eguipment operated properly and continucualy tracked
aircraft on approach, the co-ordination information supplied t» the
departure controller was very adequate

The operating controls placed at the left side of the PAR desk
appeared to be 1n a setisfactory operasting location.

The index marks on the PAR indicator cbecured other video
information considerably. This was particularly true of the range merks
The ndex marks also tended to obsrurc the aircraft radar return,
increasing the visual work load of the PAR controller  However, no other
practical methed of using the tracking getes was determined, since the
quickest and most reliable way to check proper operation was to see 1f the
index marks were bracketing the target

CCNCLUSIONS

Bagsed on tests using artificial and mctusl targets, the
conclusions regarding the operation and cirecuitry of the PAR-1 Traffic
Cantrol Monitor are as follows.

1. The aceuracy and stability of range moter indications, overtake
alarm clrcurt celibreiion, minimum coast speed, and no-imke-off alarm
calibration were considercd to be edequate.

2. The velocity meter indications were not considered sufficicntly
accurate for traffic comtrol purposes, because the meters varied almost
continuously over a range of 10 knots less than the azctual ground speed
to 30 xnots greater than the actual ground speed. Inaccuracies in the
velocity meter indicaticns were dug to draift in clectricel zero
ad gusiments and inedequate damping in the meter circuits

3, Improvement of the no-video alarm circuit i1s requlred to provide
operators with a more reliable alorm when the operation of the monltor ia
unsatisfactory

4 The equipment performed satisfactorily when transponder-eguipped
aircralt were used, since the normal vidco returns could be turncd down
to & point where the tracking gates would not be copturcd by ground
clutter or other rcturns,
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5 Under heavy precipitation conditions, the equipment did not
track targets when an observer was able to follow the target visuslly on
the PAR-1 indicators,

6. The tracking-gate, index-mark presentation on the radar
indicators obscured other video information.

7 The location of the operating controls at the left side of the
PAR-1 desk was satisfectory.

& The PAR controller work load, inecluding visual observations and
manuzl operations, was 1ncreased considerably, With three aircraft on the
approach, use of the equipment coused confusion 1f any melfunction occurred
or when an alarm sounded  Minimum separations of two miles were used
in thesc tests for the overtake alarm carcuits. Further tests for
reduction i1n minimum separction standerds would be required if reliable
cquipment can be developed.

9. When using the monttor equipment, failure of a tracking gete
to follow the aireraft on approach requircs the PAR controller to resort
to other methods 1o advise the departure controller of the progress of
the inbound airecraft. The extra work load imposed upon the PAR
controller in checking and observing the index marks to insure that the
tracking gates arc operating properly and the cdditional work load
rcecquirod for operating the monitor controls and PAR antcnna servo
¢ontrols are not commensurate with the usefulness of the moniltor,

10. Monitnr eguipment for seporation of aircraft on approech 18
not csgentiel to the PAR controller, beccuse he 1s constantly obscrving
the nrogress of the ailrcraft by direect rcading of the PAR indicators.
The overileke alarm, which indicates a minimum scparation between aircraft,
1s not considersd essentinl with proper spacing of aircraft on approach
from thc holding pornt.

11l. Simpler equipment such as an automatic video-gated alarm to
edvise the departurc controller when an alrcraft making an approach has
passed the outer marker of the ILS and has passed a predetermined
no-takc-off point would cppear to be sufficient for co-ordination between
the FAR and departure control positions The informetion that an
airceraft is on the approach and has possed the outer merker 1s an
indication to the departure controller that he must have tho landing
runvay cleared by the time the approaching zircraft has reached the
no-take-off point This point usually 1s between two and three mlles
from touchdown. Thus, the departing aircraft must have started taking-off
before the arriving zircraft has reachod thc no-take-off point.
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RECOMMENDATIONS

The PAR-1 Traffic Control Monaitor in i1te present form 1s not
required for present or proposed future traffic control procedures.
An automatic video-gated alarm appears to be & solution to the present
provlem of co-ordination between positions of operation. However, if
future procedures should require an autometic range-tracking device, the
following modifications of the present equipment are recommended:

1 Additional blanking should be provided to the tracking input
circuits to remove all video signals except those from sectors of space
sufficiently large to include aircrarft making normal approaches. 3Such
blanking would reduce the effect of ground clutter signals

2 Modifications ere required that would be equal to or better than
those mede for the purpose of improving the method of index-mark insertion
and the method of coupling PAR-1 sweep-limiting blanking signals to the
tracking units  Bendwidth of the video amplifiers, time-discriminator
circurt stability, and overtake alarm circurt operation should be improved.

3 Stability should be improved and damping of the velocity mcoter
circurt should be 1ncreased

4 A more reliable no-video alarm circuit should bo provided.
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APPENDIX I
DESCRIPTION OF THE PAR-1 TARGET SIMULATORS

Referring to Fig 21, the elevation and azimuth antenna angle
voltage outputs of the PAR-1 are fed to the grids of the isolation tubss
V-8A and V-1LA of the target simulators The signala appearing at tho
cathodes of V-BA and V-14A are applied to the angle voltage clipper fubes
V-9 and V-15. The outputs of V-9 and V-15 are applied to the grids of the
differential amplifier V-10 and V-11, The c¢ircuits of the differential
amplifiers arc arranged so that angle gating signals will appear in their
output plate earcuits when both halves of the clipper diodes are in
nonconducting states The amplitudes of the angle voltages that will
rroduce output signals from V-10 and V-11 can be variled with the
potentiometers labeled Azimuth Angle and Elevation Angle., Variation of
theee controls results 1n an angular displacement of the gating signals
with reapect to the PAR-1 sweep.

The increment of amplitudes of the engle voltages producing
culnut signals can be varied with the controls labeled Azimuth Gate Width
and Elevation Gate Width Variation of these controls resulis in Veriation
of angultar width of thc gating signals in respect to the PAR-1 swecp

The gating signals from the outputs of V-10Q and V-11 ore shaped
into rcetangular gating pulscs by the gate-shaping amplifiers V-12, V-134A,
V-16, ond V-17A. The gating signal outputs of V-13A and V-162 are applied
tn the grids of the gate mixer V-4, The output gating signals from V-4
ar¢ applied to the video gating stage V-3

The PAR-1 trigger output signals ere applied to the grid of the
lsolaetion stage V-5B, the output of which operates the delay phantastron
with tubea V-7 and V-64 The delaoyed output of V-7 is controlled by the
sawtooth voltage applied to V-6A. This voltage imparts a linear change
of ronge or constant veloclty to the delayed traigger output of V-7 The
slowly changing sawtooth voltage is generated by the sawtooth generator
with tubes V-54 and V-13B. V-5A4 18 a cathode follower type of sawtooth
gencrator V-13B 18 connected 1n & mammcr to provide bootstrap action
to improve the linearity of the sawtocoth wave form which 1s applied to
the de amplif.er with tubes V-18A and V-~-17B  The target can be placed
at moximum renge by turning the switch markcd Discharge - Moving Target
to the Discharge position, When the switch 18 i1n the moving target
rositiom, the target will advance towerd minimum range at a velocity
determined by the setting of the velocity potentiomcter. The target may be
mznurlly positioned at a fixed raonge by placing the switch labeled
Manual - Automatic in the menual position and positioning the target with
the rangc potentiometer,
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The delayed trigger output signals from V-7 are fed to an
external pulse generator. The length in range of the target can be
chenged by verying the pulse width output of the external pulse gencr-ior,

The output of thc external pulse generator is applied to tho
video giting amplafier V-3. The output of V-3 congists of dclayed PAR-1
trigger pulses thet are gated "on" dur:ng increments of the clevation and
azimuth sweeps  These signals are mixed with tnose from another simulator
1n the mixer stage V-2 The output signals from V-2 are applied to the
grid of the cothode follower V-1 The cathode of V-1 supplies output
s1gnzls {0 be mixed with other information which 1s to be supplied to the
PAR-1 Traffic Control Monitor ond the PAR-1 indicator

APFENDIX II
DESCRIPTION OF THE PAR-1 VIDEQ MIXER

Referring te Fig. 22, the videe outputs of the PAR-1 and torget
simulators are fed to the grids of the mixsr tube V-1, the output of
which is fed to the grid of the video amplaficr V-2. The output signals
from the platc of V-2 2re applied to the grid of the cathede follower
output of V-3 A dec restorcr Y-1 18 connccted across the grid leok
rce1stor of V-3 to insure that the video signala risc in o positive
direction from thc reference sias set by the bias rectificr Y-2,
regerdless of the duty cycle of the video information., The maxamum
over-all voltnge gain of the video mixer 18 approximotely two, and the
video bond-pass 15 approxXimetely five megacyclos

The tubes assorianted with the 300-volt regulated power supply
are the rcctifier tube V-4 reguletor tube V-5, rofercnce tube V-5,
sampling tube V-7, and the series tube V-8
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