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EVALUATION OF A TRAFFIC CONTROL MONITOR 
FOB USE WITH TKE PRECISION APPROACH FiADAR 

SUMMARY 

Thie report deecribes the operational and teChnica evaluation 
of an air traffic control aid called the PAR-1 Traffic Control Monitor, 
built by Gilfillan Bras., Inc., ml modified by engineers at the TeChniCa 
Development and Evaluation Center of the Civil Aeronautics Administration. 
The equipment w&e designed to monitor aircraft making precision radar 
approaches and to perform the co-ordination function between the PAR 
controller and the departure controller. me equipment is also deaiesed 
to act a8 a monitor of the control instructlone issued by the PAR 
controller and to Bound an alarm If leas than minlmum separation develOpB 
between aircraft on approaches. 

The PAR-1 Traffic Control Monitor includes direct-reading 
meter indxations of the distance from touchdown, the point at which 
the alrplane touches the ground, and of the ground speed of landing 
aircraft. It also includes me- of actuating a no-take-off warning 
alarm when aircraft on approach reaches a preset minunum distance from 
touchdown. The overtake warning alarm is actuated when alrcraft on 
approach have less than minimum eeparatlon from other aircraft. 
Malfunctioning of the equipment 1~ indicated by a no-video alarm. 

In the evaluation of the monitor, use wa8 made of both actual 
and simulated aircraft targete. The results of the evaluation tests 
indicate that the PAR-1 Traffic Control Monitor u1 Its present form 
considerably increases the work load of the PAR controller and is not 
sufficiently reliable to be used in the control of air traffic. 

INTBODUCTION 

Precielon Approach Radar (PAR) has been in operation at the 
maJor clvi1m.n air terminals eFnce 1947. It wae found necessary to locate 
the PAR indicators In a darkened room beneath the tower or under a tent- 
like structure within the tower since-present radar indicators must be 
used at low light levels. A problem of co ordination between positions of 
operation became apparent as Boon as the operating posltione were 
separated. Close co-ordination between the PAR controller and the 
depnrture controller must be maintained, because the departure controller 
must how the proxtiity to touchdown of arriving aircraft before clearing 
8 departing aircraft for take-off. This co-ordmation at present is 
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accomplished by direct voice communication under conditions Of high 
ambient noise or by use of either interccmmunicstion equipment or 
lnformatlon light panels when position8 of operation are not immediately 
adjacent. Each method has undesirable feature?. 

It appeared that one solution to this problem would be to have 
equipment which would perform automatically the required co-ordination 
between the PAR and departure controllers. In order to investigate 
possible equipment for this purpose, the Air Navigation Development Board 
purchased from Gilfillan Bras , Inc., experimental range-tracking equip- 
ment using circuits developed for the automatic ground control approach 
system, an instrument landing system (IDS) developed for the Department 
of the Air Force by this company. The resulting equipment, the PAR-1 
Traffic Control Monitor, va8 delivered to the TDEC for evaluation during 
February 1951. 

EVALUATICN OBJECTIVES 

The purpose of this project w&8 to perform the required 
technical and operational testa to evaluate the PAR-1 Traffic Control 
Monitor equipment when used with the PAR-l radar. The evaluation 
ob Jectives were: 

1. To determine the accuracy and reliability of the range-tracking 
c ii-cults, of the range-metering circuits, and of the no-take-off alarm 
circuits 

2. To determine the accuracy and reliability of aircraft velocity 
rndications and the desirability and rollability of the wloclty memory 
circuits. 

3 To determine the accuracy Luld reliability of minimum aircraft 
separation alert circuits when two and three aircraft are being tracked 
Over the distance range provided. 

4. To study and to make technical changes, where required, for the 
purpose of improving acquisition and tracking of targets aiid of improvmg 
operation of alarm and velocity memory circuits. 

5. From the trcffic controller's viepoint, to determine neceseary 
changes in position or arrangement of controls and indicators and to 
study the desirability of tracking-gate presentation on the PAR-1 displays. 

6. To conduct appropriate flight tests for the purpose of 
ev~luatu&! the equipment as a traffic control aid and to determine how 
the equipment may be used to best advantage at busy terminala when 
operating under present-day standard PAR traffic control procedures. TO 
determine minnimum aircraft separation and the number of axcraft that 
Can be handled Simultaneously. 
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EQUIPMENT DESCRIPTION 

The PAR-~ Trnfflc Control Monitor was built by Gilflllan Rros-, 
Inc., and modified by engmneers of the TDEC. This equipment, as shown 
in Fig. 1, WBS designed to perform automatic,ally the required co-ordination 
between the PAR and departure controllers. A no-take-off alarm COnEiEting 
of a chime tone and a red signal light 18 actuated when <an aircraft on 
approach pasees a predetermmed range which can be adjusted from one to 
five miles from pomt of touchdown. Meter mdications are avaIlable to 
show the dlstence from touchdown of aircraft on approach and the ground 
speed of these axcraft. In addition, the PAR-l Traffic Control Monitor 
was designed to monitor control mstructlons issued by the PAR controller 
by actuating a warning alarm if nlrcraft on approaches have less than 
minimum separation from other aircraft. This overtnke alarm consists of 
a warmng buzzer and an amber l&t. 

The monitor permits simultaneous visual tracking of three 
aircraft during their respective approaches to the inotrument runway. 
The radar target returns of nlrcraft entermg the ten-mile range me 
bracketed on the PAR radar indicator by two vertxal video lines, or 
index marks, vhxh are generated locally by tracking gates in the monitor 
equipment. These index marks are adJusted simultaneously by a manual slewlng 
control. Once the radar target is bracketed, the tracking gate 1s switched 
from the control marked "Slew" to that marked "Track." The index marks 
should then automatically follow the radar target during the approach to 
touchdown Each of the three tracking units of the monitor may be 
oper-ated Independently of the other two, and any three aircraft wlthin the 
ten-mile approach may be tracked at a given time. These three units arc 
mm-hd vertxally, as shown m Fig. 1. A no-video alarm, consisting of 
a warning bell and white light, is actuated If radar signals fade and the 
gates cease tracking. 

The monitor, a.8 received from the manufacturer, rncluded the 
operating controls on the front panel of each unit. Groups of controls 
Were separated, and their operation would have required consIderable 
visual attention on the part of the PAR controller. To simplify operation, 
parallel remote controla were Installed at the left side of the pm-1 
'eek beneath the three-mile PAR radar indxator This permltted the 
controller to operate the controlo of the monitor with his left hand, his 
right hcnd being free for operotlon of the PAR controls and the microphone, 

B lndlcated m Fig. 2. Controls for each tracking unit of the monitor 
Include the following: 

1. An adjustable knob or slewtig control for positioning the Index 
marks of the tracking gate on the PAR radar lndlcator. 
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2. A switch to change tracking grltea from elewing to tracking 
operation and to actuate a signal lamp which li&ts when the ewitch ia in 
the tracking poeition. 

3. A switch to turn off the no-video warning bell. An aesooiated 
slgnal lemp which lights to indicate the no-video condition When the 
tracking gates are in the tracking position. 

4. A button to reset the overtake clam An nssclciatea lamp 
signal which lights when the overtake alarm circuit 18 ,\ctuated. 

5. A switch to turn off the index-mark presentation on the PAR 
indicator. 

6 A signel lcmp which lights to indicate that there should bo 
no take-off. 

The material which follows 1s a r&sum& of information presented 
in the Gilfillan Bros., Inc., Handbook 1 

Each one of the three range-tracking units is identical to the 
others in circuitry and components and is composed of the basic ClrCultS 
shown in the block diagram, Fig. 3. 

BLOCK FUNCTIONS 

Delay Multivibrator. 
Trigger-m signals are received from the PAR equipment md 

amplified by the 12AT7 triode buffer stage V-U The triggers are then 
epplied to the 6~6 multivibrator stage V-2 The multivibrator gate 
output is differentiated by capacitor C-4 and resistor R-13 in the grid 
circuit of the 12AT7 blocking oscillator V-3 The posltivt pulse 
corresponding to the trailing edge of the g-te trlggera V-3. The positive 
portion of the pulees produced by oscillator V-3 sppecr alternately at the 
suppressor g-rids of the 6~~6 early-late gate detectors V-4 end V-5, 
c-using them to be placed in a condition that they may conduct when 
standardized video is applied to their control grids. 

Stcndardized Video. 
Video from the PAR equipment is applied through the video gain 

Contra1 to the grid of V-12, the first tube ef a two-tube, &Irc5 mpllfler 
circuit. Amplified video above a level determined by potentiometer R-80 
fires blocking oscillator V-14, a 12AT7 tube, which producea pulses of 

'Gilfillan Bras., Inc., "Hcndbook of Instructions for Traffic 
Control Monitor for Precision Approach Radar PAR-l," Jan 25, 1951, 
pp l-8, Section IV. 
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unlfom height can13 width for trcclrmg pu-Poses. The blockma OSCl~ator 
1s nlso @ted by mtensity gates from the sweep lmlter of the PflR 
equlpaent (blankmg gate in), whxh allows only those md8.r echoes 
apperarmg on the mdxator display to reach the tmckmg cmcuit of the 
traffic control momtor. The blankmg level 1s controlled by Potentlmeter 
R-82. Thm gcting m necessary to permt blankmg of the normal heavy 
g~?ound clutter occurrmg don@; the ground lme of the elevotloD dlsPlW 
Vuieo puke% fr0m the blocking oscillator V-14 UE applied to the Control 
grids ?f the 6~~6 early-late detectors, whxh are so bIased that they ~111 
pass current only when vxleo puloes and pulses from the early-lato 
gmerctor comc~d~. The signnzl passed by the early-late detectors at 
the time of comctdence of video sqpols and either the early or late 
gate is applied to the grids of a dlfferentinl Integration cu-cuit 
ConSlstlng of two trlode sections of a 12r",T7 tube V-7. 

Range and Speed Information. 
Range-gnted video slmela which are applied to the 12AT7 

dlfferentml Integrator v-7 are used to very the ch;trge on capacitor C-11. 
VI&O colnclalng with an early gate ml1 be passed by one trlodo sectlon 
of V-7, chargmg thm capacitor C-11 Vu&o comcldmg mth the late 
gate, however, will be pessed by the other trlode section md ~111 
dlscharge mpxitor C-11. A voltage proportxmnl to the speed of the 
amcraft zppea-s across czppccltor C-11 md ~111, therefore, appurs nt the 
cethode of the 656 cathode follower V-6. Whin the rage-tr-eking u-at 
~8 set to the trackmg function, this vo1Q.e IS applied to the Input of 
the 6~~6 rang? Integrator v-9 by means of relays zn the slew-track 
clrcut The slgnz1 npplled to V-18, a 12AT'7 cathode follower, reBulte 
In R varlc?ole voltage drop across the reslstaxe network R-38, R-39, and 
~-62. A voltage changmg with rage 1s thareforc applied to the. reagt 
voltmeter, the. no-t%ke-off circuit, thr: multlvlbrotor delay control 
circut, esld the m-~nmuum coast speed czrcuzt. 

Range Voltmeter. 
Thi: potentlnl exlstlng between the more positive end of the 

~-38, R-39, ~-62 resistance network and ground 1s mcnsured by the rage 
voltmeter on a lu-~car scale, with the mexlmu!~ range of ten miles 
repreSented by n 50-volt potential 

Speed Indicator. 
The output measured by the range voltieter 1s applied to a 

dlfferentlatlng network consleting of c?pacltor C-14 rnd resistor ~-52. 
The Voltage at the output of the difforentlatnr, representing speed, 1s 
cpplled to c control grid of V-11, 2 lm. This speed voltage, appeering 
a8 a POtentld. ccross the plates of V-11, ~8 measured by the speed lndlcztor 
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on a scnle,of 0 to 50 mlcroamperes, expressed as o to 250 miles per hour 
(mph) Test points, for external measurement snd for remote indicators, 
are provided at both the range meter and the speed lndlcator. 

MultivIbrator Pulse Width Control Clrcult. 
me potentlnl measured by the range voltmeter is also applied 

to the control gr‘ld of one section of the 6.16 delay multivibrator V-2. 
The gate width of the multlvibrator output 1s controlled by range voltage 
dlvlded through the R-10 and R-11 potentlomcter combination 

The variable pulse width of the output of multlvlbrator V-2, 
cLIntrolled as a direct function of range voltage, cnuses the tracking 
movement of the index marks on the lndlcator display of the PAR 
equipment. Aircraft approaching the radar installation cause video Pulses 
to coincide with the early gates, charging capacitor C-11, causing the 
speed voltage at the cathode of V-6 to rise and the range voltage from 
v-g to fall Decreasing range voltage dSCrSaBSS the gate width of the out- 
put of multIvIbrator 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 EAT7 early-late gate generator V-3 

1s applied to the aids of mixer stage v-6, a 12A!l'7. The pulse on one 
control grid, however, is delayed with respect to that on the other 
grid by the two-microsecond delay line. Output of the mixer v-6 
conslstlng of two pulses separated by a two-mlcroaecond time interval 
1s taken from the cathode of v-6 through the index-marks gain control 
potentiometer R-60 and applied by coaxial line to the PAR equipment. 
A switch in the grid return circuit of the dual-tr1od.e mixer circuit turns 
the Index-marks pulses on and off when desired. The symmetry of the 
Pulses applied t0 the mixer stage 1s controlled by the potentiometer R-16 
in the cathode of v-3, 

Minimum Coast Speed Circuit. 
A tap on the ~-38 potentiometer determines the direct current 

(dc) voltage applied to one grid of the 5a7 dual-triode regenerative 
amplifier V-10. A voltage-dividing network m the plate circuit of the 
first trlode sectlon of V-10 is so arranged that decreasing range voltage 
~111 cause the first triode section to cut off and the second trlode 
eection of V-10 to conduct when the tracked alrcraft reaches a glvsn range 
from touchdown The value of the potential applied to the control grid 
of the first trlode section, and therefore the circuit controlllng voltage, 
1s varied by potentiometer ~-38. Minimum coast speed voltage from 
potentiometer R-43 is applied to a control grid of the 6~6 cathode 
follower V-8. This causes an approximately equal voltage to appear at the 



cathodes of V-8 and malntains a rnuunum Input value to the range Fntegator 
V-9. For a minimum tracking velocity correopondmg to 50 beta, the 
cathode of V-8 1s held at approximately five volts positive with respect 
to ground. 

Velocity Memory Stiffening. 
Conduction by the second trio& section of V-10 cau.SeS 

normlly closed relay K-l to open, Inserting resmtor ~-26 m series with 
capacitor C-11. Thea Increases the tune constant of the circuit driving 
the 656 cathode follower V-8 and stlffens the velocity memory of the 
circut. 

No-Take-Off Wamlng 
Range voltage at the cathode of V-1B appearmg across 

potentlometcr ~-39 1s applied to a control gr]d of the 5687 dual trlode 
v-23. Decreasing range voltage causes the fu-st trlode section of V-23 
to cut off and the second trlode sectron to conduct when the tracked 
aircraft reaches a given range from touchdown III conducting, the second 
trlode sectlon closes relay K-5, soundmg the no-take-off chune and 
lllumlnatmg the white no-take-off panel lamp. The control grid voltage, 
corresponding to the range from touchdown at which the no-take-off 
wamlngs are actuated, is varied by potentiometer R-39. 

No-Video Alarm. 
Video colnclding with either early or late gates 1s applied to 

one triode section of amplifier stage V-20, a 12AT7 tube. The ompllfled 
video 1s then applied to blocklng oscillator V-15, a 12AT7 The output of 
V 15 1s rectlfled by one se&Ion of V 16, a 6AL5, and charges capacitor 
C-41 to a negative potential The negative potcntl31 of aapacltor C-31 
blasss V-22, a 2D21 tdbbe, to cutoff. Decay of this b1a.s by the discharge 
of capacitor C-31 through resuqtor ~-93 and ~-88 (no-sIgna tune delay) 
Causes V-22 to conduct, closing relay K-6 whxh lllumlnates the red 
no-video panel lsmp and sounds the alarm boll. Due to circuit constants, 
the potential of capacitor C-31 ~111 discharge through resistor R-93 
In five seconds. Thus, the absence of video signals for a five-second 
(adJustable) tune period ~111 actuate the no-rodeo warnings. 

Overtake Warning. 
The late get? pulse from the two-microsecond delay 1s ampllfled 

by one trlode sectlon of V-17, a dual trlode 12AT7 A nogatlve-going gate 
18 generated by V-17B and V-18A, beguuung at the end of the late gate and 
endurIng for a time equivalent to the deslrod ~~~~~IIIII aep-zctlon of ,mr- 
craft on the glide path epproach. The width of the gate gtnerated by V-17Ei 
pad V-18A 1s controlled by potentlometcr R-105 (overtake range). 



8 

The gate generated by the V-17B md V-18A multlvibrztor 1s mixed 
with correspondmg gates by V-18B, whose cathode 1s connected m parallel 
with cathodes of corrcspondmg tubes In the other two range-tracking Wits 
by the protection bus. The protectlon bus, therefore, carries posltlve- 
gomg gates representing the safety zones behmd all mrcraft belag 
tracked. A pulse corresponding to the early gate is compcxed with all 
prctect~on gates by mixer V-19, a 6AS6 tube, which 1s so blased that It 
~111 conduct only when the range pulse (early gate) colncldes with uly 
portlon of deny protectlon gate exlstlng on the protcctlon bus. Such 
colncldencc, therefore, occurs only m the u-at tracking the overtakIng 
ax-craft. It caot occur within a single unit, since a two-microsecond 
delay occurs between the range pulse and the inltlntion of the gate. 
Conduction by V-19 ionizes the 2D21 thyratron V-21, closing relay K-7. 
This relay, m closing, actuates the overtake wemIng buzzer and 
lllumlnates the amber overtake warnmg panel lxr~p. 

Slewlng Control 
The slewlng control ~-64 affords menual ndJustment of the gatc- 

wtdth control voltage applied to the delayed multlvlbrator V-2 when 
the ran&-trackmg mlt 1s set to the slewlng function, a flxed dc 
drop appears across resistor ~-64, and a varlablc portlon 1s applied to the 
grid Of the 12AT7 cathode follower V-1B. This potential, in turn, appears at 
the cathode Iof V-1B and 1s applled to the delayed multlvibrator V-2. 

Track-Slew Control 
A Track Positlon 

When in track posltlon, the track-slew swltch provides the 
following functions. 

1. Connects the clrcult of the range dlfferentlotor, or speed 
lndlcator, by the closing of relay K-3. 

2 Connects the cxcult of the r~age Integrator V-9 and the 
cathode follower V-1B by closing certain contacts of relay K-2, 

3 Illumlnetes the green track light by closing contacts on 
relay K-3 and turns off the blue slew p,mel lemp 

4 Removes dc voltogc from potcntlometer ~-64 from the grid 
of ccthode follower V-LB. 

5. Disconnects the grid of V-8A from ground 

B Slew Posltlon. 
When In slew positlon, the track-slew switch provides the 

following functions. 

1. Disconnects the cxcult of the rqnge dlfferentlator, or 
speed mdlcator, by the openmg of certain contacts of relay K-3. 
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2. Grounds the control grid of the range lnteg?%tOr V-9 and 
disconnects the grid cxcut of the cathode follower V-1B by Gpenmg 
certain contacts of relay K-2. 

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

4 Resets the no-sl@al ala-m by removal of a plate potentld 
from thyrntron V-21. 

5. Resets the overtake warnu-~g by removal of a plate potentlcl 
from thyratron V-21. 

6 Resets the overtake waxing relay by removal of the 
actuatmg voltage. 

7. Shuts off the green track pe.nel lamp and illumlnates the 
blur slew panel lamp by opening 2nd closmg of certnln contacts of 
relay K-3 

8. COMeCts the grid of V-8A to the ground. 

TECHNICAL EVALUATION AND RESULTS 

Target Simulators and Video Mixers. 
In order to evaluate the equlpment, two target sunulotors for 

the PAR-1 were designed and constructed to provld6 either two separately 
controlled targets or to provldc ground clutter. The simulated targets 
mcy be controlled in velocity, 8x8, range, azimuth, and clevatlon angles. 
A schematic diagram and c dlscusslon of the theory of operation of the 
PAR-1 target simulators 1s given In Appendix I. A vlden mixer was 
desIgned and constructed 80 that the slnulnted tzrgets could be mlxed 
with the radar returns from the PAR-l. Appendix II contains a schematx 
dlagrun and dlscusslon concerning the theory of operation of the video 
mmer 

Revisions of the Orlglncl Clrcultry. 
At the begInnIng of the evaluctlon of the PAR-l TrafflC Control 

Monitor, It becnnc apparent thEt the method provided for mxlng the PAR-1 
video lnformatlon with the video of the Index ma-k8 thnt come from the 
monitor v&B not aatlsfoctory. With the direct rilxing system provided, the 
Index-marks video output of the tracking units appeared at the Input of 
these units. As a result, they tended to trxk the mdex marks that they 
generated To rectify this situation, e oecond vldcu muer ~a.6 
constructed to provide for msertun of the Index-marks video for 
presentation on the PAR-1 Indicator at n point 1Bolstcd from the vldco 
input of the monitor. This video mxer IS ldentlcnl with the one mentioned 
previously 

The method provided for coupling the sweep-limltlng blankmg 
output of the PAR-1 sweep luniter chassis to the monitor was unsatisfactory. 
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Since the low Input impedance of the monitor 1s in shunt with the high 
lmpedonce source of blsnkmg In the PAR-1 sweep luxiter, this affected 
the sweep limiter operation. The resistance-capacitcnce method of mixhg 
the sweep-lmlting blunklng with the PAR-1 video in the tr,lcklng unit Was 
undesirable because of Its dlscrlmlnntory frequency characterlstlcs An 
s.nnslys~s of the video emnpllfier clrcultry of the monitor revealed that 
several fectors contributed to the narrow video bandwIdth end lnsufflclent 
video output from this clrcmt. The effect of the llmlted bsxd-pass of 
the video smpllfler was to ccuse dlscrlmlnatlon sgalnst shsrply defined 
targets s.nd to ellmrnate them completely in many cases. 'Jh video 
ste.nd?rdlzer clrcultry we8 revised to correct the doflciencles in the 
orlginul clrcult. Fig. 4 IS a schematlc dlegrsm of the orlglnel circuit, 
and Fig. 5 1s D schematic dlsgram of the revised clrcult. 

Llmitlng m the clrcult of V-12 was caused by low screen 
voltage The value of ~-67 was changed from 47,000 ohms to 4,700 ohms. 
The reslstor R-134 1x1 the grid clrcult of V-13 formed & low-pass filter 
In ConjunctIon with the Input capncrty of V-13, which llmrted the video 
bend-pass. Thus reslstor was eliminated In the revlslone. The high 
reslstctnce load for the plate crrcult of V-13, zssocinted with strey 
and tube capocltves, further decreostd the already lunlted bsnd-psss. 
Tube V-13 was changed to e 6~~6 to give the required increase In video 
output to drive V-14, and reslstor R-78 WCS changed to 3,300 ohms to 
Improve the bsndwldth of the video smpllfler. A blonklng mixing stsge 
wc.8 added to give the required rsolatlon fron the PAR-l sweep limiter 
clrcult nnd to give e method of mixing the vldto s.nd blenking signnls that 
Wss not frequency selective wlth~n the desired bsnd-piss. 

The output sweep-llmltrng blsnklng signal of the PAR-1 sweep 
llmlter 1s fed to c high-resistance voltage dlvldcr rn the grid clrcult 
of the blznklng mIxor The slgnsl in the pl,lte circuit of tho first half of 
12Av 1s the some omplltude as In the grid clrcult,but of opposite 
phase. A crystal diode in the grid clrcult of the second half of the 
121Aq blsnklng mixer restores the dc component of the wsveform me plate 
of the second half of the blo.nkmg mixer has a common connectIon to the 
Plate of V-13 end to the grid of V-L4A to prcscrve the dc component of the 
blmhng and vldec signals at the grid of v-14A. The signal level that 
Will cause conductlon In V-14A cLsn be v‘vied with the potentiometer in 
the cJthode cmcult of v-14~. 

ComParstlve tests were mode of the orlglnnl rsnd revrsed clrcults. 
The revised clrcult corrected the undosirsble features of the orlglnal 
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clrcultry.2 The limited bendwidth of the vldoo mpllfler was due meldY 
to the use of mcorrect resistor 8~83. in nddltion, smm of the coaxial 
czbles provided with the monitor were of the mcorrect lmped=e. 

When tests were stated to evaluate the effect of ground Clutter 
on the operatmn of the trackmg clrcults of the monitor, erratlC 
operation of these aIrcults prevented the taking of data that could be 
repeated with ?ny degree of accur,%y. With the no-video clRsm Clrcult 
disabled nnd the slew-track switch in track position, the tracking gate 
drifted at high speed In either dlrectiun. The tracking c1rcutf.e would 
not ncqulre a target when this high velocity drift occurred. An 
investigation of the cauee -If lnetabblllty m the trucking cmcults revealed 
thrlt the trouble ~ELB m the tune-dlscrlmlnntor clrcult, shown in Fig. 6; 
The circuit 1s arranged 80 that the two trlode sections dre In serleB 
across the +150 and -150 volt dc power supply vr>ltages. The cothde 4 
V-7A has a common csnnectlnn to the plete of V-7B and to the grid of 
V-8A. The integratmg capacitor C-11 1s chnzged to the peek value of the 
error voltage by current flow through elthor half of V-7. The resistance 
to the ground et the Junction 3f the cathadc of V-7A, the plate of V-m, 
Md the grid of V-8A would be lnflnlte If It were not for tube and circuit 
leakage. Tube leakage causes a charge to be built up ecro88 C-11. This 
may elther add to or subtract from the error v,,ltnge acroa8 C-11 and 
cause a fixed drrft cznponent to appear ncross It ThP mount of leakage 
Of V-7A and the polarity varies with lndlvldual tubes, nglng, and tube 
temperature. This leakage made the opcratlirn of the tracking unit 
nnrellable. 

In 12AIJ7 tubes, two types of leak3gc exltit. Current flow from 
the cathode to the fllenent caused C-11 to chnrgo in a positive dlrcctlon. 
A clrcult nodificntlon, using a separate filament transformer for V-7 
with the center tap returned to a vrslable negntlve voltage, neutralized 
the effect of this type of leekknge. The other type of leekage may be 
due to small quantities of gas liberated in the tube, causing C-11 t&l be 
charged negatively. The quantity Jf gas incroiLscs with tube ngmg ThlS 
type of leakage cannot be controlled with a mlnnr clrcult modlflcatlon 
Vmious types of tubes were tried in place cf the 12~C7~ Of the types 
tried, the Type 6~~6 was the only one that would not upset the operation 
of the circuit because of indlvldual tube charzcteristlcs end aging. The 

*GllfillFn Bras , Inc., were cdvlsed of these revisions. %CY 
had developed the circuitry for the blanking o.nd Index-marks mlxlng for a 
model of the GCA radar other thnn the PAR-l. 
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revised schematx diagram of the time-dlscrlmlnator circuits 18 shown in 
Fig. 7. The grid bias reelstor networks were changed to compensate for the 
smaller grid cutoff voltage of the 6~~6 tubes. 

It wa8 found that the overtake alarm would not operate with the 
mlnu!xxn separation control adjusted for three mlle0. 1n addltlon, the 
overtake alarm w&8 frequently trlggered by swltchlng transient Slgnalfl. 
In order to make the alarm action lndepondent of range and leas SubJeCt 
to trlggerlng by swltchlng transients, certain modlfxatlons of the 
clrcult were required. The orlglnal clrcult 18 shown in Fig. 8, and the 
revised schematx diagram 1s shown m Fig. p. A crystal diode type of 
dc restorer wa8 added to the suppressor grid circuit of V-19 to prevent 
changes of duty cycle of the gatlng waveform from chenglng the output 
sqnal at the plate of V-19. The sensltivlty of V-19 was lowered by 
addlng a lO,OOO-ohm resistor in parallel with R-119 and a 470-ohm 
reslstor in 88x88 with the cathode of V-19. A capacitor wa8 added to 
the control grid cz-cult of the range delay multIvIbrator V-2A to 
Integrate swltchlng transients that caused lnstablllty in the range gatlng 
signal. 

TESTS AND CIRCUIT ANALYSIS 

The action of the tracking clrcults 1s such that a target 
positioned on the early gate ~111 produce a larger error voltage than one 
posItIoned on the late gate. If the tracking gates are centered on a 
slow-moving target, en overtaklng target will take over controL of the 
tracking gate when It passes the slower target. When a target that ie being 
tracked passes through heavy ground clutter, the gate will ~ump ahead 
slightly upon encountering this clutter and ~111 etop for an In&ant 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 18 an aid in tracking through clutter. When tracking targets 
through noise such as signals returned from precipltatlon the larger error 
voltage from the early gate 1s detrimental, since there 1e a tendency for 
the tracking gate to pull ahead of the target. When a target that 18 
being tracked passes through heavy ground clutter, the error signal 
vane8 widely. This causee the velocity meter to fluctu,%te between such 
wide llmlts that a close approximntlon of the target speed cannot be 
obtnlned It may be desrrable If the velocity meter were more heavily 
dmped to average out these fluctuatlons. 

The value of the no-video alarm circuit is queetlonable. If 
video signals are lost m ground clutter, the alarm will not operate 
because the clutter ~111 provide an equal video signal required to hold 
the alarm clrcult beyond cutoff. The no-ndeo alarm cnn be set for a 
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five-second delay In wcmlng If the target 18 lost in the absence of 
other signals. When swltchlng from slew to track, the no-video alarm 
will operate m one second lf the target 1s not acquired m that time. 
In the technical evaluetlon tests the no-video alarm CL-cult ~88 made 
InoperatIve so that the tracking gate could be brought to rest at th* 
desired range with the unit in the track posltlon. Under these conditions, 
the signal from a target running Into the gate will take control Of It 
80 that acqulsltlon of a target 1s ampler. A clrcult doslgned t0 give 
warning when the velocity of the trncklng g--.te falls below a speclfled 
value might prove to be of more opcratlonal value than the present 
no-video alarm circuit 

Tests were conducted to determine the mlnunum signal-to-noise 
r-tlo whxh would allow rellable operctlon of the monitor Sunulated 
s1gnnalB were used for this measurement and were mixed with the noise 
Ln an addltlve mxer. Smce the signal from the radar would have 
different characteriotlcn because the no=Be end. signal are subjected 
to a modul?tlon process In the raddnr receiver detector, a slight error 
may have been included 1n this meas?Jrement. 

73~ si=al-to-noise rat10 was measured n8 the ratio of Peak 
slgnol power to average nox3e power To EIWXWE the aver-ago no16c Power, 
the PAR-1 antenna sc-lng mechanism was stopped In the elevation posltlon. 
The receiver gain was turned to maxum~~~, and the transmitter end target 
slmuletor were turned off so that no video signals were present at the 
Input of the tracking unit. A dc restorer circuit was cepaclty-coupled to 
the Input of the tracking unit, and a dc vacuum tube voltmeter was used to 
measure the avercgc value of the noise across the dc restorer. This re-" _ 
storer Insured that the noise level would rls3 In a poaltive dlrectlon 
from the reference level of zero volts. PAP-1 ,ultenna ocarning and the 
simulator were then turned on, the output of the olmulator was adJustCd 
for the mInxnun slgnr.1 for reliable tracking, and the peak-to-peak value 
of the slgnr.1 was measured In the absence of no18e. The mmmum signal- 
to-noise ratlo which would allow relleble operation of the monitor while 
tracklng a target having a velocity of 120 mph was 3 decibels (db). 

Tests were conducted to detarmlne the cb.bLllty of the rnonltor to 
track 8lmulated t.rgcts through ground clutter. The simulated target 
velocity was kept at 120 mph The PAR-1 azxnuth antenna was tilted as 
fx down as possible to get mnxlmum ground clutter, and the slgcnal-to-noise 
rLt:o of the video information to the tracking unit wa8 adjusted to 16.7 db 
The monitor tracked sinulnted targets under ths above condltlons at ranges 
Of ten to one-half miles. At one and one-half miles the ground clutter on 
the PAP-1 ten-mile lndlcator completely covers the azimuth sector of the 
sweep a-d 33 p&r cent of the elevntlon sector Fig. 10 1s a view of the 
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PAR-~ three-mile indicctor showing ground clutter condltlona that exlated 
during the performance of the above teats. Fig. 11 shows the Pm-1 
ten-mile mdicator under the aame oondltlons, and Fig, 12 shows the 
PAR-I ten-rnlle indicator with a ainulated signal-to-nolao ratlo of 3 db 

After modifloatlon, the PAR-1 Traffic Control Monitor was 
operated for D period of 112 hours wlthout readJuatment. This was done 
to determlne the stability of Ita clrcuta. Periodic checks Wire made 
on two of the tracking units. There we8 no mecsurable cheage in the 
axuracy of the overtuke alarm clrcults, e.nd the d~~~fe.cy of the range 
meter callbr&ione remf.lned within ten per cent. The minimum Coast 

speed remolned wlthln ton per cent of the orlgmal velocity of 50 mph, 
amd the range accurncy of the no-teke-off s.lnnns remained within the 
lmlts of accuracy of the range meters me cccuracy of the speed 
lndxations on both tracking chaasla was wlthln three per cent Imediately 
after alignment. Checks were mode with velocitlea of 50, 100, 150, 200, 
and 250 mph. The eloctrlcal zero adJUatment8 of the velocity meter 
drifted considerably after several hours of npcratlon. After 112 hours, the 
velocity met&r lndicctlons with the trpxklng gstea at rest were '20 KU-I~ 
16 mph The maxImum velocity error- of the two units during this period 
~6.6 49 and 11 per cent for low vcloclty taxgets. The maximum error for 
high velocity ixrgets was 15.4 end 20.2 per ctnt. The larger percentage 
error at low vclocltlea WI the flrat unit occurred becnuae the error of 
zero setting added to the tugot velocity. From the tests conducted, It 
ia apparent that the lnatablllty and insuffxltnt damping of the speed 
mtter circuitry llmlta ita op&ratlonnnl vzlue. 

OPERATIONAL EVALUATION AND RESULTS 

Description of Elgbt PAR-1 ApproPchoa 
A aer~ea ,,f flight teats was mndc to detemlne the operational 

vcllue of the PAR-1 Traffic Control Monitor, During the flight tests, 
sequential photographs were mndo of the feces of the PAR-1 indxator 
tubes. The teats were conducted using two of the three tracking unit 
chaaals. The video stradardlzor and ovartckc olpm clrculta of one 
chassla were modifxd. The other bed nil of the modificati3na previously 
deacrlbed. The one with the modlfxatxms m?dr. to the tracking cx-cutry 
gave more stable operation The rengc circulta of both units were 
relllgned for nautlca.1 mlles to conform with PAR-1 indlcotor cnllbrntion 

The results from elgh'c PAR-1 npprocches are presented m Ttlblc I. 
T~~lcal photogr;phic vlewa of the PAR-1 ten-mile nnd three-m&z indicators 
representing unusual ad avercg6 condltlons are shown in Flga. 13 to 20. 
MY 3 few of tht photogrnphs tcken are uxluded in this report. 



Exposure Fig. 
NO. NO. 

1 13a 

2 l-lone 

3 13b 

4 none 

5 none 

6 13c 

7 none 

6 13d 

1 14a 

2 none 

3 14b 

4 none 

5 14c 

6 none 

7 14d 
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TABLE I 

RESULTS FROM EIGHT APPROACHES 

APPROACH NO. 1 

Range Remarks 
(miles) 

6 l/2 Weak signals, tracking properly 

5 l/2 Trackmg properly 

4 l/4 Tracking properly 

3 314 Tracking properly 

3 Weak elevation signals, trackmg 
properly 

2 l/2 Weak elevation signals, tracking 
properly 

1 314 Tracking properly through ground 
clutter on azimuth dlsplay 

314 Tracking properly through ground 
clutter on azYnuth display 

APPROACH NO. 2 

Beechcraft 7 Tracking properly, no elevation 
twin-engined 6 lgT&LS 

Beechcraft 5 l/2 
twin-cnglned 

Tracking properly, weak elevation 
s1g"als 

Bccchcraft 5 
twm-cngmed 

Tracking properly, weak elevation 
signals, ground clutter on nzunuth display 

Bee&craft 4 l/4 
twul-enguM. 

Tracking properly, weak elevation and 
azunuth sqnals 

Beechcraft 3 
twin-engmed 

Tracking properly, weak elevation 
s 1gndlS 

Beechcraft 1 l/2 
twin-eng1ncd 

Trscklng properly, no elevation 
slgnals,ground clutter on azimuth display 

Beechcraft 1 l/4 
twin-engined 

Not trackmg, no elevation slgnsls, 
ground clutter on azllnuth display 
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Fig. 
No 

15a 

none 

l5b 

none 

15c 

I-lOi-kS 

1% 

16a 

none 

16b 

none 

16c 

ll”l-& 

none 

none 

16 

TABLE I (CONTINUED) 

RESULTS FROM EIGHT APPROACRES 

APPROACH NO. 3 

Aucraft Range 
TYP= (mdes) 

DC-3 6 l/2 

DC-3 5 

DC-3 4 

DC-3 2 l/2 

DC-3 2 

DC-3 1 l/2 

DC-3 1 

Remarks 

tiacklng properly 

Tracking properly 

Tracking properly 

Tracking properly 

Tracklng properly 

Trackmg properly 

Tracking properly 

APPROACH NO, 4 

Beechcraft 7 l/2 
twm-engined 

Beechcraft 5 l/2 
twin-engined 

DC-3 4 l/2 
Beechcraft 2 

DC-3 4 
Beechcraft 1 l/2 

Beez&&ft : 3'4 

DC-3 2 3/4 

DC-3 1 3/4 

DC-3 1 l/3 

D'J-3 1 

Tracking properly 

Tracking properly 

Tracking properly 
Tracking properly, no sleVatlon 
SlgnnalS 

Tracking properly 
Not tracking 

Trecklng properly 
Not trackmg, no elevation signals, 
weak azimuth sqnals 

Tracking properly 

Trncklng properly 

Tracking properly 

Trxklng unstable 



Exposure Fig. 
NO 

4 

5 

6 

17b 

17c 

none 

17a 

15a 

18b 

10C 

18d 

1( 

TABLE I (CONTINUED) 

RESULTS FROM EIGHT APPROACHES 

APPROACH NO. 5 

Aircraft Range Remarks 
VP= (miles) 

DC-3 0 

DC-3 5 l/2 

Beechcsaft 7 
DC-3 3 112 

Beechcraft 6 
DC-3 2 l/2 

Beechcraft 5 
DC-3 1 l/2 

Beechcraft 4 l/2 
DC-3 1 l/4 

Beechcraft 3 

Bee&craft 2 

Trackmg properly with transponder 

Tracking properly with transponder 

Tracking properly 
hacking properly with transponder 

Tracking properly 
Tracking properly with transponder 

Tracking properly 
Tracking properly with transponder, 
no elevstlon signals, tracking 
transponder relay 

Tracking properly 
Not tracking because transponder reply 
stopped when alrcraft turned off cause 

Tracking properly 

Ti-acklng properly 

APPROACB NC. 6 

DC-3 7 112 

Beccncraft 7 l/2 
DC-3 5 112 

Beechcraft 6 l/2 

DC-3 4 

Beechcraft 4 

DC-3 3 

Beechcraft 2 l/2 
Dr-3 2 

Tracking properly with transponder 

Trackxg properly 
Track_?ng properly with transponder 

Second transponder reply from DC-3 has 
merged with reply from Beechcraft, 
tracklng proper17 
TrackIn:: properly with transponder 

Trackvrg properly, Beechcraft passed 
second transponder reply and pulled the 
traclixig gate with It 
Tracking properly with transponder 

Not tracking, weak elcvatlon slgcals 
Tracking prop@rly on transponder reply 



Exposure Fig. 
No. mo . 

1 196 

2 19b 

3 19c 

4 19n 

1 20a 

2 20b 

3 none 

4 2oc 

5 2Od 
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TABLE I (CONTINUED) 

RESULTS FROM EIGHT APPROACHES 

APPROACH NO. 7 

Aircraft Rangt 
TYPe (m11es) 

DC-3 7 

Beechcrdt 6 l/2 
DC-3 4 1/2 

Beechcraft 4 l/2 

DC-3 3 

Beechcraft 3 l/2 

DC-3 2 

Trackmg properly with transponder 

Trackmg properly 
Trackmg properly with two replles 
from transponder 

Not trackmg, ground clutter on azmuth 
dmplay 
Trackmg pxperly with transponder 
rephe 

Tracking properly after roscttmg 
tracking gates 
Tracking properly with transponder 

APPROACH NO. 8 

Beechcraft 6 Trackmg properly 

Beechcraft 4 l/2 Trackmg properly 

Beechcraft 3 Trackmg properly 

Beechcraft 2 Trackmg properly 

Beechcraft 1 l/2 Trsckmg properly, no elevation 
6 lp3lB 
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Data and photographs obtalned during the approaches show that the 
equipment tracks weak signals properly in the absence of ground clutter 
BlgnalB Under severe ground clutter conditions, strong sq?mJ.e from both 
the elevation and azimuth antennas are required for satisfactory operation. 
Strength of video signals fed to the tracking unit depends upon a number of 
factors Including the PAR-1 intermedIate-frequency ampllfler gain 
adJustment and upon the accuracy of antenna servoing. 

In most cases, tracking of the different types of alrcraft WaB 
satisfactory until the aircraft were from two to one miles from the PAR-1 
or approximately onemdone-half to one-half miles from touchdo%n 
Generally, when the trncklng unit lost the target at the small ranges, 
ground clutter sqnals were present snd signals from the elevation antenna 
were weak because of improper PAR-1 senaitivlty control adjustment or 
because of Incorrect Bervolng of the elevation antenna. At these ranges, 
accurate Bervolng of the elevation antenna requires frequent use of the 
antenna servomg switch. The horizontal angle of the alrcraft with 
respect to the antenna center line changes rapldly at small ranges 
because the PAR-1 1s looated on one Bide of the runway When more than 
one alrcraft is being tracked it 1s mposslble to servo accurately on all 
aircraft, psrtlcularly If one 1s near the touchdown pnlnt. Ground clutter 
cffocts ~111 be more serious at airports having more obstacles on the 
ground under the approach path. 

During the first four approaches, the PAR-1 sensitivity tuoc- 
control clrcult adJustment was incorrect and signals from targets at 
small ranges were attenuated excoss~vely The sensitlvlty time-control 
clrcults wera adJusted to provide ltas attcnuatlon after the fourth 
approach was made. The Rho/Theta Transponder ropllen appear slightly to 
the r&t of the aircraft on the displays, because corrcctlon for 
transponder delay had not been made at the tlms of these flights. If 
transponder delay 1s corrected, the alrcroft target and transponder 
roplles would coincide. The angular BXC of the transponder reply on the 
indlcators is no larger than the normal target Addltlon of the transponder 
reply almost doubles the length of the target in range, smcc the pulse 
length of the transponder pulse 1s approxlmatcly 1 0 microsecond. The 
PAR-1 pulse width 1s approximately 0.5 microsecond. 

Results of 150 Slmulnted and Actual Approaches 
A total of 150 simulated rnd actual aoproachcs were conducted 

during the operatlonal evaluation. Of this total, 96 actual aircraft 
approaches were made, the balance being radar targets from an electronic 
aircraft-simulator device. 

The first approaches were conducted to check the reliablllty of 
the tracking units. A Navlon alrplant was used for these tests. It WBB 
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necessary to operate the PAR antenna servo control frequently to obtain 
the strongest possible target with a minimum of ground clutter because 
of the tendency of the tracking gates to be captured by ground target 
returns. PAR controllers reported an mcre.asc in work load 88 a result 
of the constant crltlcal. aadjustments required in antenna servo controls. 

The no-VU&O alarm wae actuated flvo tames durmg the first 
szven opproxhtx. 0x1 each occasion that the alarm was actuated, the 
nlrcraft radar return KR~ visible on the PAR lndlcator and was considered 
R usable target for conducting approaches, however, the rndFir return Was 
cpparently not strong enough to keep the trxcklng gatee 1n oper8tlOn. 
Dui-lng 54 of the actual axcraft approaches, the no-video alann Was 
atun^ted 29 times not lncludlng no-video ?.l&rme actuated when the tracking 
gates falled to capture inltlally and to track a new taxrgct. The no- 
tzke-off alarm w&e actuated each time the trncklng gates followed the 
arcraft target to the present no-take-off point two miles from touchdown. 

Eleven approaches were made to check the accuracy of the rango 
and velocity meters The actual ground speed of the aircraft Was 
determined by stop-watch tlmlng of the nlrcrnft target on the PAR 
lndlcator from the eight-mile range line to the six-mile one and again 
from the four-mile range line to the two-mile. Renge meter accuracy wae 
detcrmlned by cornparIng the meter reading with a dlrcct reading of the 
roda rage of the target on the PAR indicator. 

A Douglas DC-3 and a twin-engined Beechcraft were used In 
perfORnlng the range and velocity meter checks. The aircraft rage 
lndlcatlons were very reliable; however, the velocity meter varied 
almost continuously over a range of 10 knots less than the actual ground 
speed to 30 knots grenter than the actual gound speed, The velocity meter 
indlcntlons were not consldercd accurate enough for traffic control 
purposes. 

Several approachen vere conducted to check the rcllabll.lty of the 
overtake ~Jxrm,. The alarm circuit WB~ adJusted to operate when aIrcraft 
being tracked Vere separated by a distance of two mlles or less. The 
pilots of both axcraft were Instructed to make the turn into final 
approach nt varying distances from touchdown. As soon as the gates of the 
monitor were tracking the arcraft rndv rcturnn, the pilots were 
requested to vary air speed to allow the following aircraft to catch up 
with the preceding one. The overtake alarm wno actuated each time that 
the one following was two mllcs or less behind the one lecdlng. 

During the multiple approaches, the tracking gates lost the 
nlrcrnft radar returns sevcrzl times This actu?tcd n no-vldoo clorm and 
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was believed to result from servolng tne PAR antennas to one aircraft to 
obtain a better radar target Such scrvoing results In reduction In radar 
return from the other aircraft. This was particularly noticeable when the 
azimuth antenna was servotd to obtain the best return from the fu-st 
an-craft on the glide path with the second one still below and approaching 
the glide path. Slmllar dIfficultlea were experienced when the glide-path 
antenna was servoed to the first axcraft for best returns 3sld when the 
second was not yet lined up on the locallzer course. As pointed out 
previously, It was eseentlal to obtain maxImum aircraft returns and 
mu?lmum ground returns by proper servoihg In order to prevent the tracking 
units from bclng cnptur6.d by ground returns. Ground returns were greatest 
between the touchdown point and the four-mile range, and It was therefore 
necessary to favor the first aircraft on approach when sarvolng cntennas. 

A number of ILS approaches were monitored du-mg r&xi conditions, 
cadslng varying degrees of preclpltntlon clutter on the preclslon radar 
scopes The tracking gatts normrlly would not track targets If any dcgrse 
of preclpitatlon clutter was apparent, oven though the target could be 
follow&d visually by the PAR controller. 

The Douglm DC-3 au-plane was cqupped with a transponder for 
some of the tests. During these test runs, the PAR reccxvcr lntbrmedlate- 
frequency gain was lowered until normal video and ground returns were not 
vlslble on the PAR Indicator. Tht tracking gates th&n functIoned very 
sntlsfnctorily. Ail of the alarms and warnings wore actuated at the 
proper tlmcs, and the velocity meter gave c very stecdy indication. l?I-LL 
mount of controller work load was reduced consrderably when the 
transponder target was used. Some test runs were mzde with one clrcraft 
oqulpped with a transponder 1n combuxrtlon with an clrcraft not so 
equIppod. The trackmg gates followed thy transponder tar(+to very well, 
but cnnsidcrzble dlffxulty was cgaln experxnced In trnckxg the other. 

During ~11 of the flight tests it was necessary that the 
controller ccnstantlgr watch the progress of the tracking gates on the PAR 
mdlcztor to see UT they were still following the radar returns. 
Freqxzntly the tracking gates would be captured by ground returns for 
periods of 5 to 15 seconds before the no-video a1x-m was actuated. As a 
result, the PAR controller could not dopcnd upon the alarm clrcuit~ for 
proper warnings but was forcod to check the monitor constantly to insure 
th?t Index marks wire following targets properly. 

Though only two of the three avaIlable trackmg units had been 
modified for these ttsts, It was difficult for the controller to detormlne 
rapIdly whxh index marks on the PAR lndlcator were assoclsttd with alarm 
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sqnals and to dctermme where corrcctlve octlon was necessary after an 
clsrm was actuatea. When usu-~g all three unlto, the controllers found It 
quite dlfflcult to remember whxh tracking unit was following a 8peclflC 
target 

When the equpment operated properly and contunxusly tracked 
alrcraft on approach, the co-ordination informatIon supplied ts> the 
departure controller was very adequate 

The operatmg cantrole placed at the left side of the PAR desk 
appeared to be in a satlnfactory operating location. 

The index marks on the PAR lndlcator obscured other video 
lnformatlon conslderably. This was partxularly true of the range marks 
The Index marks also tended to obscure the alrcrdft radar return, 
lncreaslng the visual work load of the PAR controller However, no other 
practical method of using the tracking gates wa8 dttermlned, suce the 
quxkest and most reliable way to check proper [operation was to gee If the 
Index marks were bracketing the target 

CCNCLUSIONS 

Based on tests using artlfxlal and actual. targets, the 
concluslonn regarding the operation and clrcutry of the PAR-1 Traffic 
Control Monitor ,tre as follows. 

1. The accuracy and stablllty of range meter sndlcatlons, overtake 
alarm circuit calibration, muunum coast speed, &nd no-take-off alarm 
callbratlon were confildercd to be adequate. 

2. The vuloclty meter lndxatsons were not consldcred sufflclcntly 
accurate for traffx control purposes, because the meters vaned almost 
continuously over a range of 10 knots less than the actual ground speed 
to 30 knots greater than the actual ground apeed. Inaccuracies in the 
velocity meter lndlcatlons were due to drift m elcctrlcal zero 
adJuotments and lnadeqlmtr damplng in the meter circuits 

3. Improvement of the no-olden alum clrcult I.E required to provide 
operators wrth a more reliable alum when the operation of the monitor 1.8 
uiisctlsfactory 

4 The equxpmen'c performed satlsfzctorlly when transponder-equipped 
alrcraft were used, 8mce the normal vldco returns could bc turn&d down 
to it point where the tr.ack-Lng gates would not be ccpturcd by ground 
clutter or other rctu?ns. 
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5 Under heavy preclpltatlon condltlons, the equpment did not 
track targets when an observer was able to follow the target visually on 
the PAR-1 lndlcators. 

6. The trackmg-gate, mdex-mark pruentatlon on the radar 
indlcntors obscured other video information. 

7 Tne locatlon of the operating controls at ths left side of the 
PAR-1 desk was satisfactory. 

E The PAR controller work load, lncludmg visual observations and 
manual operatzons, was Increased considerably. With three alrcraft on the 
approach, use of the equipment caused confusIon If any mdlfmctlon occurred 
or when an alarm sounded Mmlmwn separations of two miles were used 
m thosc tests for the overtake alarm clrcults. Further tests for 
rtductlon In mu-~imum sep,aritlon standzrds would bs required If rellablc 
cqulpmcnt ran be developed. 

9. Whtn usmg the monitor equpment, failure of a trzcklng gcnte 
to follow the alrcreft on approach requires the PAR controller to resort 
to other methods to advise the departure controller of the progress of 
the Inbound urcraft. The extra work load unposed upon the PAR 
controller m chccklng and observing the Fndtx marks to insure Chat the 
trncklng gates are operating properly and the addItIonal work load 
rcqulrod for operotlng the monnltor controls and PAR antenna servo 
controls are not commensurate with the usefulness of the monitor. 

10. Monitor equipment for separation of alrcraft on approach 1s 
not cssentlal to the PAR controller, because he 1s constantly obscrvlng 
the >rograss of the aircraft by direct rcadlng of the PAR lndlcators. 
The overtnkc alarm, which lndir;*tcs a mlnunum sopcration between alrcraft, 
18 not consldcred essentlnl with proper spacmg of alrcraft on approach 
from the holding pomt. 

11. Simpler equpment such as an automotlc vldbo-gated alarm to 
cdvlse the departure controller when Lan nlrcrcft making nn approach has 
passed the outer marker of the ILS and has passed a predetermined 
no-take-off point would appear to be sufflclent for co-oralnation between 
the PAR and departure control posItIons The 1nforrutlon that an 
au-craft is on the approach and has passed the outer m?zker 1s an 
lnc'lcntlon to the departure controller that ho must have the lcndlng 
runway cleared by the tvne the approaching alrcrzft has roached the 
no-take-off po1r.t This point usually is between two and three miles 
from touchdown. Thus, the dep&+ng alrcraft must have started taking-off 
before the nrrlvlng aircraft has reached the no-take-off point. 



RECC&lKEN3ATIONS 

The PAR-1 TrafflC Control Monitor In 1ts present form 1s not 
requrea for present or proposea future traffic control procedures. 
An automatic video-gated alarm appears to be a solution to the present 
problem of co-oralnatIon between posltlons of operation. However, If 
future procedures should requue an automatic range-trackulg device, the 
f9llowlng modiflcatLons of the present equpment are recommended* 

1 Addltlonal blanking should be provided to the tracking input 
clrcults to remove all video signals except those from sectors of space 
sufflclently large to Include alrcraft maklng normal approaches. Such 
blanking would reduce the effect of ground clutter signals 

2 Modlflcations are required that would be equal to or better than 
those made for the purpose of Improving the method of Index-mark lnsertlon 
and the method of coupling PAR-1 sweep-lunitlng blanking sl@als to the 
tracking um ts Bandwidth of the video smpllflers, time-discriminator 
clrcult stablllty, and overtake alarm cz-cult operation should be Improved. 

3 Stability should be reproved and damping of the velocity meter 
cmcult should be increased 

4 A more reliable no-video alarm clrcult should bil provided. 
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APPENDIX I 

DESCRIPTION OF THE PAR-l 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 1SolatlOn tubes 
V-6A and V-14A of the target simulators The signals appearmg at the 
cathodes of V-8A and V-14A are applied to the angle voltage clipper tubes 
V-9 and V-15. !I& outputs of V-9 and V-15 are applied to the grids of the 
dlfferentlal ampllfler V-10 and V-11. The clrcults of the dlffersntlal 
ampllflers s.r~ arranged so thiLt angle gatlng signals will appear 1n thou 
output plate cxrcults when both halves of the clipper dlodes are in 
nonconducting states The amplitudes of the angle voltages that ~111 
produce output sqnals from V-10 and V-11 can bo varied with the 
potentlometcrs labeled Azimuth Angle and Elevation Angle, Variation of 
those controls results In an angular dlsplocemont of the gstlng signals 
with respect to the PAR-1 sweep. 

The increment of amplitudes of the angle voltages producing 
out:>ur; sqnala can be varied with the controls labeled Azunuth Gate Width 
and Elevation Gate Width Varlatlon of these controls results In Varlatlon 
of ;tngfi.ar width of the gating sqnalo m respect to the PAR-1 sweep 

The gatlng signals from the outputs of V-10 and V-11 are shaped 
urto rectangular gatlng pulsu by the gate-shaping ampllfxrs V-12, V-13A, 
V-16, and V-17A. The gatlng signal outputs of V-13A and V-16A are appllcd 
to the grids of the gate mixer v-4. The output gating signals from V-4 
ar‘6 a.pplxd to the video gatlng stage V-3 

The PAR-1 trigger output sqnals ere applied to the grid of the 
lsolatlon stage V-5B, the output of whxh operates the delay phantastron 
with tubes V-7 and V-6A The delayed output of V-7 is controlled by the 
sawtooth voltage appllcd to V-6A. Thrts voltage Impzrts a lmear change 
of rzngc or constant velocity to the delayed trigger output of V-7 The 
slowly chLulglng s<wtooth voltage is gentrated by the sawtooth generator 
with tubes V-5A and V-13B. V-5A 1s a cathode follower type of sawtooth 
gcncrator V-13B 1s connected 1n a msnn6.r to provide bootstrap actlon 
to Improve the linearity of the sawtooth wavt form whxh 1s oppluzd to 
the dc ampllf,er with tubes V-18A and V-lm Tnt target can be placed 
ct mcxlmum rage by turning the switch marked Dlscharge - Moving Target 
to the Discharge posltlon. When the switch 1s in the moving target 
posltnsn, the, target ~111 advance toward minImum range at a velocity 
detLrmlned by the stttlng of the velocity potentiometer. The tnrget may be 
mxurily pos1tloned at a fixed rvlge by placing the swltch labeled 
Manul - Automatic In the manual positlon and posltlonlng the target with 
the range potentiometer. 
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The dolcyed trzgger output signnls from V-7 are fed to an 
external pulse generator. The length XI rmge of the target ten be 
chmged by vsryu-~g the pulse width output of the external pulse gencr=tor. 

The output of the external pulse generator IS qpl~ed to the 
%3&O g'-tmg mpllfler V-3. The output of V-3 conalsts of delayed PAR-1 
trigger pulses thct me gated "on' durxg mcrments of the clevntlun and 
xmuth sweeps These slgnnls ore mm4 with tnose from o.nothtr smulator 
III the mxtr stage V-2 The output sqn?.ls from V-2 Erre applied to the 
grid of the ccthode follower V-l The cathode of V-l supplles output 
slgniols to be mxed with other mformntlon whxh IS to be supplltd to the 
PAR-1 Trnffx Control Monitor nnd the PAR-1 mdxztor 

APPENDIX II 

DESCRIPTION OF TEIFJ PAR-1 VIDEO MLXER 

Referrmg tc FIN. 22, the vxleo outputs of the PAR-1 md tcrget 
smuletors zp6 fed to the grids of the! rum- tube V-l, the output of 
which is fed to the grid of the video mpllflcr V-2. The output sl@cls 
from the plcto of V-2 zre asplled to th6 grid of tho cotho& follower 
output Of v-3 A dc restorer Y-l 1s connected across thL grid 1ca.k 
resistor of V-3 to Insure that the video signals rmc In a poa1tlve 
dlrectlon from the reference OXLS set by the bms rectlflcr Y-2, 
rtgu-dless of the duty cycle of the video mformatlon. The mcx1mu.m 
ovm-all volt:tge gnm of the vuko mxer 1s approxmztuly two, nnd the 
video bmd-pass 1s approxmc.tcly flvo megacyclm 

The tubes msorlated mth the 300-volt regulilatcd power supply 
are the rcctlfler tube V-4 reguktor tube V-5, rLferencc tubr V-6, 
sampling tube V-7, and the series tube V-8 
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FIG 6 OR~G~NAL TRAFFIC MONITOR TIME DISCRIMINATOR CIRCUIT 
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FIG. 7 TRAFFIC MONITOR TIME DISCRIMINATOR REVISIONS FOR PAR-l 
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FIG 9 TRAFFIC MONITOR RANGE TRACKING REVISIONS FOR PAR-I 
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