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TEXS OFNARROW-RAND TRANSMISSION 
OFRADPRTBACONDATA 

This report describes evaluation teats of a narrow-band radar 
mooting system for transroitting uncoded secondary radar (beacon) infonm- 
t1on. During these tests both the remted beacon data and a local beacon 
installation were displayed on a panoramic display table to illu&rate 
possible use of the existing military eecondary radar syetex for control 
of all airspace at high nltituden. Data fron the rebuke ground facility 
were tranenitted over a narrow-band telephone channel by WC of Radar 
Facsimile (FLUAX) video compression equipuent. The report prinarily 
cover8 the technical evaluation of the revoting of the oecondsry radar 
infornation. 

These teste indicated that it is feaeible to use this ayeten for 
reuoting unccded beacon return& over telephone channels. By use of theee 
techniques an interin system could be developed to obtain a rapid rate of 
accurate position data for the efficient control of all airspace at the 
high altitudes provided that certain operating agreements can be reached 
titb the nilitary agencies using the exinting beacon Byastern, and with other 
users of the airspace. 

Continued develoment effort is deeirable to correct the syatex 
deficiencies cited in this report. Additional tests of a variable parameter 

RAFAX equipment are being conducted end will be reported later. 

IN!CRODUCl'ION 

The danger of midair collisione between aircraft hae been emphasized 
in recent years by the advent of Jet aircraft. Many instances have been 
reported by the nilitary and others of actual collisione, and "near-rnissee" 
in good visibility conditions became of the high operating speede of air- 
craft and limitations of human vision. If another aircraft ia observed on 
a closing course, a finite tine is required for the pilot to react and for 
the aircraft controle to take effect and alter the conrae of the aircraft. 
As a result, there 1~ an increasing need for positive traffic control at 
the higher altitudes where the highest speeds are encountered. 

In order that positive control of high-altitude aircraft can be 
feasible, a higher order of accuracy in navigation and goaltion reporting 
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than is being obtained preaently is required. Without eueh improvement, 
large blocka of airspace are required for each aircraft to allow safely 
for the uncertainty of aircraft poeition. A Bolution to the problem may 
be found in the use of radar to deternine position inf'orm&iDn. Cf the 
possible radar techniques, secondary, rather than primary, radar offers 
many immediate a.dvantagcB, the most significant of which are: 

1. Greater range, altitude coverage, and reliability than are 
possible by present-day primary radar systems. This is the result of onc- 
way transmission rather than reflection of energy from the target. 

2. Freedom from ground echoes, precipitation interference, and 
returna from aircraft not involved in the traffic control problem. 
Certain conditions, however, can create aerioua interference problema in 
the secondary radar system. 

3. Additional equipcent development is not required to provide 
position infonxtion. In fcot, an existing military tactical system is 
almost completely implemented in hi&-altitude aircraft. Certain ground 
equipment already is installed. Additional equipment which would bc 
required is less expensive than primary radars. 

The system tests described in this report were deeigncd primarily 
to determine if narrow-band trensmiesion equipment is 8ati8faCtOrY for 
rcmoting beacon data. They also were designed to indicate the uae~c~s 
of beacons for high-altitude traffic control and to reveal some of the 
problem area8 and pooseible approaches to theee problems. 

This work w&8 carried out during April and May, 1956, in the 
Airways Operations Evaluation Center (AOEC) under ANDB Project 1.4, in 
cooperation with the CA.4 Offices of Air Navigation Facilities and Air 
Traffic Control. The American Telephone and Telegraph Company and Ballcr, 
Raymond and Brown, Inc., were very cooperative in completing the tee* and 
analyzing the data. The facilities and assistcnce of personnel of the 
Wright Air Development Center and the Traffic and Landing System (TRACAIS) 
@-soup at Wright-Patterson Air Force Base were essential to the 
demonstrations and the success of the teets. 

SYSTEM DCSCRIPTION 

The equipment euploycd during the tests either is in production 
or Can be placed in production without further development. These equip- 
nents were selected to demonstrate a system that could be implemented with 
existing devices. 
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Examination of Fig. 1 till discloee the function of the individual 
equipments and theFr interrelation in the system. Two ground et&ions were 
used, one located at Jemeetam, Chio, and the other at the Technical Develop- 
ment Center (TDC) in ~ianapolis, Indiana. These ground interrogator0 are 
separated approximately 120 nautical miles (nm). They are similar electron- 
ically with one exception; the Jezaastown beacon antenna has a horizontal 
beem width Of 6", while the TX! beacon antearw hae a horizontal beam width 
of 12". Thie reeulted in the display of a wider target from the TDC beacon. 
It was necessary for all test aircraft to be equipped with an airborne- 
beacon transponder in order to be displayed by this eyetem. 

The Jameetown beacon information was relayed to Wright-Patterson 
Air Force Base (WPAFB) by en existing microwave link. The microwave link 
video and azimuth information were fed into the BAFfix encoder at WPAFB where 
the radar videe was changed to slowed-down video (SDV) or compressed band- 
width signals. The SDV signals were transmitted from WPAFB to Dayton, Ohio, 
over a local wire loop of the Chic Bell Telephone Co.; thence via a high- 
quality Schedule A, AT&T telephone channel from Dayton to ~ndianapoli~, and 
from the Indiana Bell Telephone Company office at Indianapolis via a local 
loop to TDC. The signals then were processed in the P&FAX decoder end 
applied to the IATRCIi projection equipment for display on the panoramic air 
traffic control display board. 

The Indianapolis raw beacon video in plan-position-indicator (PPI) 
form y converted to a television video signal by scan conversion equip- 
ment. The TV-type signal was fed into TV proJection equipment and dis- 
played on the panoramic ATC display board. The "overlap' airspace between 
the TDC and Jamestown beacons provided an interesting area for study since 
an aircraft in this airspace quite often replied to both beacon interrogators 
and was displayed simultaneously by both projection systems. 

Estimates of the production costs of the major components of the 
western are given in Table I. 

lit may be noted that the RAFN; encoder could have been located 
at Jamestown instead of at wPAFB, thus eliminating the microweve link; how- 
ever, for coordination purposes and because of a lack of available land 
lines of the proper type between Dayton and Jamestown, it wa8 decided to 
locate the encoder at BPAFB. 

21f a second IA!SWE proJector had been svailable at TD'C, the soQn 
conversion equipment could have been eliminated from the system, but the 
direct comparison of two different types of displays would have been lost. 
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TABLE1 

ESTIMATED PRODUCTION Cc615 OF EQUIPMENT 

Equipment Est. Cost 
(Dollar8 per Unit) 

RAFAX 11,000 
IATSON Projection Syetem 14,000 
Replacement IATRON Tubes 500 
Scan Conversion Equipment 20, OQO 
TV Projection System 2,500 
Replacement TV Pro JeCtim Tubes 100 

Beacon system. 
The beacons ueed U? these teats were military equipmen%E, many 

parameters of lqhich are similar to the An: beacon ayetern being developed. 
The beacon interrogator antenne at Jamestown 1s approximately 18 feet in 
length (6” beam-width) and is affixed to, and rotates with, a long-range 
radar antenna at 6 revolutions per minute (rpm), The TDC beacon interrogator 
antenna was a q-foot array (12’ beam-width) and waa rotated at about 15 rpm 
for these tests, The airborne antenna is a common omnidirectional receiving 
and. transmitting antenna which ueually is mounted underneath the aircraft 
fuselage, The military beacon system employs pulse multiplex techniques 
which may be used for identification purposeoj however, this feature of the 
system was not used during these tests, oince the primary purpose was to 
obtain position information. The pr~~iples of beacon system operation 
are described in an earlier report,3 

RAF&i Encoder. 
The RAFAK equilxaent consists of three major units shown in Fig. 2. 

The encoder accepts radar signals which intensity-modulate a J-scan cathode 
ray tube (CRT), See Fig, 3. The oweep speed depends upon the radar range 
encoder, (150 nautical miles in this case) and the sweep-recurrence- 
frequency is the same ae the radar PRF, A photocell receives light from 
the CRT through a thin radial slit III an opaque disk that rotatee at 30 rpe. 
Each time the slit passes zero range a synchronizing pulse is generated and 
the photocell output represents targets at time after the sync pulse pro- 
portional to their range, Of the total period between each full rotation 
of the alit, approximately 28 milliseconds is used to represent the encoded 
range (150 nm), or approximately 185 microseconds per mile. Comparing this 

3Davld S. Crippen, Tirey K. Vickera,and Marvin H. Yost, “Initial 
Teats of the ANDB L-Band Secondary Radar System in Typical Terminal Area 
Traffic Operations,” Technical Development Report No, 268, April 1955. 
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to radar range of 12.36 microseconds per mile, it can be seen that there 
in a compreseion of 185/12,36, or J.5 timea, 

The photocell pulses key an audio oscillator on and off. The 
oscillator in thie system operates at approsimately 290 oycles per eeoond 
(cps) and is keyed on for one cycle for each light pulse received, A 
standardizer circuit is employed in suoh manner that only pulses of higher 
amplitude +&an the dark current noise of the photocell plus the radar noise 
pulses key the oscilla:or, ‘These keyed oscillations are eent over the trans- 
mission line. Similarly, the sTynohronizing signal8 key an oecillator which 
is also sent over the transmi~eion line, Combined with the synchronizing 
and video signals are o%zr signals taken from the antenna servo-transmitters 
end encoded so they oan be tran8mi6fed over the telephone line, In thie 
caee they were placed on a sii5-carrier near 5 kilocyolee (kc). All signale 
so e-so&d are transmitted over a sighle Schedule A telephone line to the 
decoder. 

The RAFAX decoder accepts the composite audio signal (Fig. 4) 
from the telephone line, end extracts the several component eignale by 
means of filters end amplitude-sensitive circuits. The trigger, video, 
and azimuth information is applied to the IlKFAX indicator and displayed in 
normal PPI fashion. The encoder standardizer circuit8 are actuated by the 
leading edge of the photocell output voltage pulsea. Because the amplitude 
Of these pulsce varies with the strength of the radar video siwl, the 
displayed target range goes thrcugh a nintimn as the radar antenna passes 
through the target. See Fig8. 5 and 6. In the equipment tier +&sI. there 
wm come triggsr Jitter with accounts for the fact that the convex shape 
is not present to the same degree for all targets ahown in Fig. 5. 

The priyiples of operation of RAFAX are explained in greater 
detail elsewhere. 

Transmission Circuit, 
After encoding, the beacon information from Jameeto-n wa8 r8moted 

to TDC by wire line, Such information can be remoted by several meene 
depending upon the quality required. program circuite of various band- 
widths are available between maJor metropolitan are&E, Americar Telephone 
end Telegraph Company circuits of varioue qualities are listed in Table II. 
For higher quality circuits, radio or microwave links may be used. 

4 C. W. Doerr and J, L. McLucae, “Narrow Band Radar Relay System,” 
Radio Electronic Engineering, April 1955. 



6 

TABLE II 

AT&TCO, PROGRAMCIRCDI!IS 

AQP~OX. Cost Approx. Cost 
Approx e Per Station Per Mile 

Q-w Bandwidth Delay DietorUon Per Month Per Month* 
(ape) (Dollars) (Dollars) 

Schedule C 3,500 Hot known 20.00 4.00 

Sche3ul.e Axx 5,000 ~~1 X.e/mile 
' 1 kc to 4 kc 

120.00 6.80 

.C#.hPT11!, 0 Ad= 8,000 185.00 0 3-l 

Schedule AAAxx 15,000 225.00 I, fin 

* The cost figure is based on 24 hour/day eervice. 
xx Progrem circuits, A, AA, and AAA require special cable and special equip- 

ment in telephone officee. Depending on the availability of existing 
equipment, some construction time may be required for certain routes. 

The RAFAK encoder required a circuit bandwidth similar to that of 
the ScLadule A circuit. This service w&a available between Indianapolis, 
Indiana, and Dayton, Ohiop in two forme; a loaded cable, and a Type K 
Carrier. The circuit characteristics are similar within the requ.,red band- 
width and the resulting service is comparable, In the m KCezrier 
filters remove tranemisaion from other then the epecified bandwidth, whereas 
in the loaded cable eome higher frequencies are available. 

In addition to the program circuit, local loop circuits were 
required from the program circuit terminationa at the centrel exchange 
offices to WPAFR and TDC. Various quality local loope can be provided. 
The signal levels over the entire circuit are shown in Fig. 7. It will be 
eeen that the signal attenuation wae concentrated in that portion of the 
Indianapolis locel loop from the Belmont exchange to TLC.5 The circuit 
attenuation wae measured at 2500 cpe. Both ends of the circuit were ter- 
minated with 600 ohs. A 6-volt +xigger input at WAFB produced a 0.6-volt 
signal at TDC. 

5AT&T Co. can provide local loops with mu& leee attenuation if 
the service ie to be utilized on a more permanent basis. Theee circuit 
facilities were leased for 60 days only, the duration of the high-altitude 
beacon display tests. 
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The transmission curve, Wg. 8, shows that the azimuth rate carrier 
of 300 cps was attenuated about tbe sane as the video and trigger sigmls 
at 2500 CPS. All the siguals could be adjusted MivlduaUy at the sending 
and receivmg terminals. Because the azinuth rate moaillation was only 90 cps, 
its side-bands were namow and were passed without excessive distortion. 
Experfmental operation was conducted with the rate carrier at 8000 cps, when 
the loaded cable was used. This operation ~a.3 satisfactory, but the 
response curve huap at 8000 cpe was not sn intentional part of Schedule A 
service and can not be depended upon as It is normally removed with filters 
in Type K carrier sei-vx.eD For this reason) the azimuth rate carrier w&B 
set at 5800 CPS. On occasions the local loop betueen Dayton and WPAFB had 
mtermttenl 60 cps int?ference of an amplitude about equal to that of the 
azlnuth caner. This izlterference so distorted the composite slgual that 
It was not usable. High-Jr-equency cross-talk spikes were encountered mter- 
nittently slso but were elini.sated by shunting a snail capacitor across the 
decoder mput s A baud-pass filter with a low Prequency cut-off near 70 or 
80 cps would elininate the 60 cps and the higher frequency spike titerference. 
For the ll;luted durati-on o; We tests, and because the interference was not 
continuous, band-pass filters or more elaborate means of Interference 
rejectlon was not tested. 

For a short period the Schedule A lme was -i-eased in length 
to 300 m by usmg three circuits between Indianapolis and Dayton. TWO 
lengths of loaded cable and one length of Type K carrier were connected in 
series. 

TABLE III 

LINE TRANSMISSION LOSS 

Input Input Amp11tude loo-lm 300-m 
Frequency (peak to peak at IW#3) output output 

P/P at WC P/P at !lJDC 
(cps) (volts) (volta) (volts) 

50 (Teat Signal) 2.0 0.17 0.14 

2,500 (Sync or Trigger) 2.0 0.31 0.28 

5,800 (Azimuth Rate) 1.0 0.16 0.05 

Table III shows the effects of lncreaslng the circuit length to 300 nm 
The same local loops were used for both the 100- and 300~nm distances, It 
was necessary to increase the encoder-output voltage level at WAFB in 
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order to obtain sufficient azimuth rate sigual to operate the decoder 
indicator at !lDC. When the azimuth rate sigual reached 0.14 volta, 
azimth rotation wao obtained and the indicator displayed a eatisfactory 
PPI picture. Coordination during these teets va6 made possible by a direct 
telephone line and ringing circuit furnished by the AT&T Ccmpaay between 
5Cand!JPAPB. 

51s line was a basic necessity during the implementation and 
operational test periods. Its uee wae of great value to the entire project. 
Cue end was terminated at WPAFB where the RAFAX encoder and a CPS-1 radar 
indicator were located, The other endwaa terminated in the AaEC room at 
TEC, at the location of the decoder and projection equiment. Intermediate 
drops were nade at the AT&T central exchange officee at Indianapolis and 
Dayton. 

In general, operation over the circuit provided by the AT&T 
Coupemy was excellent. The unusable tine was less than three per cent 
during the hours of operation, and would, undoubtedly, be nore reliable if 
the circuit W&E rented on a continuous basis. 

IAPION Projection Indicator. 
The IATRCN radar projection imdicator is a PPI projector designed 

around the Farnewortb IATRON, a projection storage tube capable of providing 
2,7-footlanbert6 of higblightbrightneas on a 50-inch diameter display. 
The projected display is a green-yellow color (peak at 5550 A) on a flat 
white backgroumd. 5e projection indicator consists of a control-console, 
Fig. 9, amd a projection unit, Fig. 10. 5e projection umit ie capable of 
being renotely operated from the control-console, a naxinum of 25 feet. 
This Micator was designed to display either raw radar or slowed-down RAPAX 
videos. The projected display employa a refractive optical system Using an 
f/1.9 five-mch projection lens. The specified range resolution is 100 
spots per radial. 

The useful storage time of the IAlBON ie a variable factor, the 
selection of which depend6 on the ecan rate emd noise present. 5e storage 
tune of the IATRON tube itself is variable frcan 3 milliseconds to 30 seconds. 
In appllcationa ueing rav radar video inpute, a shorter storage may be 
required to prevent loee of targets in receiver noise, precipitation inter- 
ference, KCI residue, et cetera. When using RAFAX signal inputs, the level 
of the target video pulees ie dependent OIL the RAFAX etandardizer adjus@ents 
and phototuhe integration. The video ia relatively free of noise; conee- 
quently,a greater storage time can be used. In addition to the normal erase 
faction controlled by adjustuent of a potentiometer, the display nay be 
erased by push button; or, em automatic cyclic erasure may be set for con- 
plete erasure at inter-vale of 2, 6, 10, 20, 60,or 100 seconds. me etreep 
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speed can be adjusted to display various ctandsrd radar ranges\from 20 to 
200 nm and HAFAX ~csn speeds Of 30, 60,SI-d 120 Ip, ', 

Bright-Display Equipment. 
5e DuPont Model SHD-1 Bright Display Equipment6 (BILE) is a SCSJI 

conversion equipment designed to provide a television output from a radar 
PPI video and azimuth input, The tdeViBiou Output iB USed t0 SUpply 

bright tube projector equipment, or direct-view indicators. The BDE 
basically consists of normal radar indicator ClrCUitS for writing the radar 
information, a Graphecon scan conversion tube, television sync and sweep 
generators for reading data from the storage tube, and monitor circuits. 

The Graphecon tube consists of twc diametrically opposed electron 
ti@ne with an electrostatic Target element midway between them. The radar 
information is written on one side of the target element through the use 
one electron @n, while the reading electron guu at the opposite end of the 
tube scans the target at a standard television rate. The reading beam is 
modulated by a 30-mewycle (MC) carrier to discrhainate between the writing 
and reading video taken from the target element. The storage time of this 
tube depends upon the television BCBP rate and the reading beam current, 
and is adjustable from 1 to 20 seconds. The picture displayed has an aspect 
ratio of 1:l. The process of &can conversion makes possible a tdeVlBiOn 

scan resolution of k0J elenents in a vertical direction and 500 elements in 
the horizontal direction. 

Television Projector. 
The television projection equipment used during these tests is 

Bho%? in Figs. 9 and 10. It CO,lSiBtB of a projection head and control- 
console. 5e projection head may be remotely operated from the control- 
console, a distance of approximately 20 feet or less. The projector employe 
a 5-inch Schmidt optical system and has a brightneBs of 4 foot-lsmberta on 
a 50-inch dioneter display. The projection tube is an RCA Type WZP4A. 
5iB TF projection system, manufactured by the General PreCiSim laboratory, 
Pleasantville, N.P., 1s a commercial model intended for industrial use. 
Some modifications of this model were necessary to obtain an aspect ratlo 
of 1:l snd sufficiently linear sweep voltages, Additional chsngeB were 
neceesary to adapt the system to use with the BDE. 

% illiam E. Miller, Marvti H. Yost, and David S. Crippen, '&al- 
Uition of the Dumont SPD-1 Bright-Radar Display and Initial Study of Other 
Display Techniques," Technical Development Report No. 288, July 1956. 
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RAFAX-TRAEMISSI~CIRCUIT TZS!E 

General. 
The qu4ntitative measurements were limited to the RAFAX and the 

transmission circuit because these were the only p4rtB of the system which 
had not been operated and tested at TCC previously. The system Was operated 
eight hours per day for approximately 110 days, snd the down-time due to 
equipment failure was less than two hours. When the equipment was operated 
continuously, adjustments were rarely needed. No noticeable deterioration 
was observed in the display picture quality during the course of the tests. 

RAFAS Range Linearity. 
A block diagram of the setup for these tests is shown in Fig. 11. 

The recorded data are presented in Table IV, snd photographs of the display 
are shown by Figs. I.2 and 13. 5e RAFAX Indicator was not used for the 
recorded measurements. 5e range mark generator at WPAFB was crystal- 
controlled and very accurate. 5e delay generator used at TM: was calibrated 
With. a crystal-controlled time-mark generator tiediately before the tests. 
A fast sweep was used on the precision scope and the trigger was delayed 
until the range mark appeared in the center of the sweep. The delay K&E 
read frcm the delay generator didls and is believed to be accurate within 
plus or minus 20 microseconds. 

From Table IV it can be seen that the RAFAX-remote circuit did not 
deliver a linear time base to the display equipment. The display equipment 
and RAFAX indicator were adjusted for accuracy at the 0 end 150~nm points, 
but at 90 rm the error reached a maximum of 1.46 per cent, or about 2.2 nm 
of the 150-nm range. Time base non-linearity of the encoder-scsrner CirCU- 
lar sweep and optical. distortion are believed to have been the principal 
cause6 of the error. Rotational speed changes of the mechanical scanner, 
caused by friction or vibration, may have been a contributing factor. In 
any even, obtaining a @eater range accuracy does not appear to be 4 serious 
difficulty, if it were required. 5e remote circuit itself had no meaeure- 
able effect on the range accuracy. 

Because the range marks were 10 nm apart (123 microseconds), it 
may be seen that the average compression ratio was 1757/123, or 14.2. 5e 
ratio of the beacon PRF (300) to FY@A.x PEF (30) is 10. The reason for the 
difference in ratios ie that the J-scope, which displays the raw beacon 
information, has a much longer proportionate dead time between circular 
sweeps than 16 used in the RAFAX scanner. 
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RAFAX FimGE L-afEimIF 

Specirg 
Measured Cozrcct 

b 1 b 1 

0 0 

1,750 1,777 

3,570 3p514 

5,415 5,271 

7,090 7,028 

8,835 8,785 

10,460 10,51-2 

12,080 12,299 

13,700 14,056 

15,330 15,713 

17,240 17,570 

19,010 19,33 

20,900 P,O84 

22,700 22,841 

24,400 24,595 

26,355 26,355 

succe6sive Compreeeed Compressed 
lo-mile Fsmge R-e 
SpaciuSs Error Error 

(ms 1 :nS1 (per cent) 

1,750 + 7 0.03 

1,820 - 56 0.21 

1,845 -144 0.55 

1,675 - 62 0.24 

1,740 - 45 0.17 

1,630 + 82 0.31 

1,620 +219 0.83 

1,620 +356 1.35 

1,630 +383 1.46 

1,910 +330 1.25 

1,770 t317 1.20 

1,990 tr84 0.70 

1,800 t141 0.54 

1,700 ~98 0.75 

1,955 0 0 
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RAFAX Sengitlvity, 
Several tests Were c~n%ucted using tar&-sfilulator ard video- 

Sign&l ~neretor inputs c %;e tar&..slmLletc-’ output proolded diec?ete 
racgr and azimuth, whereas the nlqalal ge;eratos provided d;screts raztge 
but at all az-LmutLls, In lm+h casea the CFS-1 radar lzdicator and +ie FUFAX 
indicator 10s: Weak tarwcs at about the same test signal level, when zha 
encoder aad %e CPS-1 indicator each were adjiAstPd for o$~.liuum condiq&ns. 
When the inpt noise Was low, $he encoder lnte-‘nal-noise level was the liruit- 
me; factor In the malriuu usable RAFAX flsnnitlvity. ‘*‘es:e vex run %lth pulse 
widths of 3.5, 1.5, and 7.0 microseconds, Tie pulse width did not affect tne 
maximum sensiflvltiJ appreciably, A mi,limum discernibl? carget was displayed 
on *,he Cm-1 Indicator nt @,12 volts input (normal 1s 2.0 volts) a!; which 
level %ie R/&XX lndirator i-as &a: on !he Itieehold of count-don. In 
FL@ u 14 and 15 it wxll be noted tiat, so lol?g as t!le RAXX a*%ndsrdizer 
pnesc?s the weak input signal, it 1s recejved at be stands-d out:Lt level. 

RAFAX Signal-Yoise, 
Figure 16 is e $~,tc@a$~ of the radar indicator at wp?&? Wlth 

0.5 volt noise and 1.4 volt, 1.0 microsecond wide si@al input, Figures 17, 
18, a;ld ig are photo&Taphe of the RAFAX indlsator at DC. The signal- 
gmerator amp11 t~.de was varied ?rom 0.4 to 2.0 volts While the coibe was 
held constant at 0.5 volts. The FLUAX erccder was ad$sted so that the 
0.5-volt noise level wotid not produce an output from the decoder a;ld WeS n9t 
changed again, This test represe;lts closely C,he ectualy operating conditions, 
The CDS-1 radar indicator, u;lder tne srllPe conditions, painLed a solid simal 
m each case, wheyeae the BAFAX Indice%or began to count down whea tie sigaai 
was 0.5 volt (Elgnal/noise ratio of 1). The 0,5-volt o~gnal (Fig. 18) WEM 
about 80 per cent usable. The 0.4-volt slgnal (Fig. 17) Was too intermittent 
to by rrlled upon. Figures 17, 18, and 15 reveal that the Loiae on the 
RA3Q indicator 1s essentially cormtant and quite 10~. Experience has demon- 
otrated that t!x encoder may be adJustid so that more noise 1s encoded. 
(passes tne standardizer) and the INFAX sensitivity IS lnoreesed thereby, 
Regardless of this fact, the RAF&X in tblo tea; W&E almosb as sensitive to 
weak targets as the radar indicator. 

A second signal-noise test was conduoted to swulate the condltlon 
when the encoder is adjusCed to the standard 0.5-volt nc~se level, and for 
D@me ulmown reaoon, the noise level Increased. This often is t3e case when 
the parent radar or beacon receiver gain 1s increased. This situation is 
illustrated in Pigs, 20 through 23. The CFS-1 radar u?dicator was adjusted 
for each condition, and the sipal is clearly discernibie in each case, 
althou&h the noise level -to qute high when the noise amplitude reaches 1.5 
volts, Tne sl@al level was held at 2.0 volts, and the encoder was not 
changed from Its original condition when it was adjuted for 0.5 volt of 
noise. 
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As noloe was added lo the 2.0-volt video input, the RAFAX si&%l 
remained usable when the noise reached l.O-volt, FOE;, 21. At 1.5 volts 
noise the RAFAX signal liae atill discernible, and at 2.0 vclts no188 +he 
Fncocler faiied to pass the sirgn3.i.. It is mntercsting to note zhe character 
and dlstribntion of the noise on the two indicators, 5ia test demonstrates 
the feet that Lhe RZAZ c2n zolerata consld+rable v*ietiOn in input noise 
level without readjustment of the encode-: at Zle remote lccation. 

Another jndicntion of 3&3X system sensitivity comes from a 
etntis-clcal analysis o" photo~apbs of random bescon torge'z when both the 
Cm-1 ro?ar ?ndlcrLor s& the RAFAX encoder were adjusted for best operation. 
Tne to&. nmiier of t3 ydq ideniifred on the radar vndicator at L'PAFR was 
126, Eie total of the XXAX ind~ator tar&s at Indl~znap~lis was 722. Ihe 
pictures were syuchroni~cd so $hai. the caneras wz~e recording the ssmo period 
cf t'ae for one or *TO anten. scs3s0 'ill? eam2 t?z&s w-e easily iden-t+fl- 
able in the phofngaphs of each indicator, 52 Lapgee ranges were random 
and *Se altitudes were u&nown. Tie Aargo nuzb,-z of E~apsLs counted add 
rcljability to tne dar-% and verify the fact thaw seno:C~vPty of the LX&XX 
system is only slightly leas than that of the rat&- indjcaCor* 

FJEUX Range Resolution. 
A two-p&se vs'deo signal generator was employed for this test. The 

v?deo level was &et at 2 voit.s wi%h 1.6microsecond pulses. The noise level 
was f~o_J. at C.5-volt and the erooder and radsr Indicator were adjusted for 
best operation. Fi,pre 24 shows tic two pLses (innut to decoder] at 4% 
microsecond separation a, 0 seen on the RAFAX indicator. At abouL 35 L?IO:'O- 
seconda, the second pulse be,- to count down, o&Id at 32 miorosecon~e, 
Fig- 25, the count-down was qu<te noticeable. With a separation of 30.- 
nlcroscconds, Fig. 26, the second target was almost ellnina:ed. Count-down 
begsn at approximately 2.8 nn or 1.9 per cent of range. 

5~ testa were repeated with l.Q-volt slgcole, and there was no 
noticeable change m minimum separation. 5e minimum aaperation is bas- 
ically determined by the vrdoo carrier-oscillator frequency, in this case 
2500 CPS. During the l/30-second the scanner requires for one revolution, 
'here is a maximum possibility of approxitlately 83 cpcies. RAFT dead 
tine reduces this to about 69 cycles. Neglecting keyzg tlr,, ther+a naxi- 
mnm of about 69 cycles, or v&de0 targets, could appear in one FiAFAX range 
sweep since at least ona cycle Is required for each video si@al. The 
150-m ran,:e scale would then be able to display tarGets about 2.2 nm 
apart. Thhls 1s an absolute minrnum which ignoses oscillator keying time. 
There is another circumstance wnlch could l&lit the minimum target separa- 
t~on before the basic !.lult is reached. The photoiube output-pulse width 
1.9 a fmctio~ of spot size, s>ot Intensity, and Siot vidtL If the photo- 
tube output from the first target falls to fsll below +he sh&ndardizer 
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level before the outnut of the second target hae increased above the 
oteadardizer level, the video carrier oscillator is not keyed off en9 the 
tm targets may merge as one large target. A similar p’a=~oiwnon occurS 

wlrh prim%-y redar ground clutter, Thje did not OSC'X duriug this partic- 
ular test. 

X&FAX targets dzs?:ayed from the Janastckn beacon (6' sntenra besm- 
width) cxre "wider" in a?lmuth than they sre "trick" in -m&e for all dia- 
ten.33 in excess of approxsmately 25 m. The problem of separation of air- 
craft then becomes mwe acute :n azimuth than it does in raags for the 
major por-tlon of t'n~ targe:s diep:ayed. Imuroved rqe reso:utfon wouLd be - 
neec',cd for shouter ~a_ng-. radLa-6 used for high-dererty tza.f?'lc conirol; but 
for t'lo high-altitude beascn tesCo, the range resoluticu appars to be 
acieqL&? _1 Improved aid ad:;-s%;able range reeolutiw 2s wallable on the 
variable pasazet,cr F&TAX raoeal;'.y delivered to TC. !I+ @.-,e for lrlpored 
?a-;;~ rerlolutlon 1-1 many caxs ~nulz:~te the reqtir-mezt lor higher v:deo- 
Larrler frequencfefl end broader bandtidth-,mfltlrg clir,ii-ts. 

Elimination of fruit. 
Beacon fruit is transmitted by ai:borw I?;llts when they are 

1nter:ogated by grou,-.l units Phofie video iniormat:on is not synchro~zed 
w.th t;le display. Its distinpkishing e!:a~ctir~C;c is tilat it is raltiom 
or unsynchromzed vnth tbc v:deo jr!fo~raLlon. of interest. When sucn pulses 
from a psrtfclllar transponder rear-h the RA?AE eAcoder, f-hey da not appear 
az the ssme rdngo cn each scan of the ;-szops, but they aAre random and 
aspear over the e2tzre renip, and 8czne of Lhern occw dcriag the J-stops 
dead tame. As a result these pulses do not excite the same smsil area cr 
spot on the J-scope during each t~~acrm~si~., but sre spread all the way 
aa‘ound Lue J-scope t-ace. This dlstribu%,;oA of e9cltat;OA prevents phos- 
ghh7r lnteuaticn or butld+p, !lhe light from a spot w5lsh is excltad by 
a sin&e pulse pere~sts for a very short time, much less than the time 
reqtirad for one revolution of the scazIJIp.r. iXLess the spot is directly 
under the scanner slot, or slf&tly ahaad of the siotp at the time it is 
excited, the light from the spot till AO~ reach the phototube. This 
PFSVCA~E the signal from being enc oded snd appesrfng on the indicator. 

Figures 27, 28,a~d 29 illustrate exemples of %e dof~~iting 
action just described. Photographs of :he CBS-1 iAdacator at WPXBB and of 
the BAFAX indicator at w .A wre taken aL?ndtaAeously. Figures 29 aAd 29 
were taxen to emphasize the defr&ting action by exposing the fi.lm to 
Several entexxa SCS~S, thuS alloting the fruft to accu.m.u?ate photagraphi- 
caliy. !LbeEe pictw-es dc not ehoqv the fruit that ao>eared on either 
indicator at any partizv~ar time durirg the exposure, ard the apparent 
iZei1 of the tazgets ie caused by the "memory" or storagz of the exposed 
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film. Figure 27 was exposed for only one scan, ard it Is a true 
representation of the indicator appearance as seen by the operator. There 
is no reiatlon between the azinus;r mark on i.ne RAFAX indicator and tne 
fruit on the ZPS-1 radar indi%to:, T?e photograph indicate t.zt the 
RAFAX encoder prevents at least 80 per cent of the fruit from teaching the 
indicator. 

Specific meas~~rementa of display quality. such as rage linearity 
and resolumon, azim~,%h ac-,urocy, brightness, ard so forth;, were not made 
as a part of these test;, !Zese qualities had been measured previously, 
eliher as part of the or*ginal ac~eptsnce of the aiapicy equipment, or as 
part of the subsequent eval&tlor. Certam of theee quaiitles wore, how- 
eve:, Included as a part of ‘;le system testing and, Wntie ret recorded 
queutitatlvely, were observed ar.d are reported b;loVr 

PanorsmlL Dlspl ay. 
The accuracy of both the IATR3R and the 1’7 projection system 

determines the accuracy of the Panoramic PresentaC:on (PA&Z), particularly 
In +he overlap crea, 90 kind8 of accuracy are involved; one whloh refers 
to the actual geographical position of R spsozfic target and its indicated 
posltlon on the PAXX~, and the accord which refers to the registration Of 
the two dio&ays when the target us in their overlap area and is respOndlng 
to Lllterrogations frcm both beecon sys 34s. The two kinds of acolli-acy are 
related to a degree, 

‘The layout of the PAlKP was considered as two Rho/Theta 
presentations, one centered on Jamestowa and one centered on Tndisnapolls, 
Navigational aids snd aXways within a 100-z-m radius were plotted from 
these centers. Wzre the same po;nt plotted differently from the two 
:ocat1ons, a compromise pos:sion was used. !Ihese differences were due to 
errors in Radio Facility, Sectional, ad oi,he: cnerts aed to determine 
location, and to the plotting process itself. The compromise errors never 
exceeded two nm. 

At ranges witnin 10 nm, the effects of slant range also introduced 
measureable display errors. An aircraft flying at an altitude of 40,000 
feet over the point, however, 1s at a radar range of 12 nm and is 60 dis- 
played by the projection sys?em. At greater distances, slant range error 
becomes less slgnificont. For example, an aircraft passing over Indianapolis 
at an altitude of 8 nm is displayed by the Indianapolis system at a renge 

of A nm. lbe ssme aircraft responding to the Jacestowa system is drsplayed 
over Indianapolis. The sane aircraft is, therefore, displeyed as two 
targets at ranges differiAg by a mu, 
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In addition to map and slant range error8 there were certain 
irLmxuxacies in bOi22 proJectionr,. !Wse were due to meep ma-lm?az-itg, 
IA?ROfl keyBtone etTec',g and. az~dtLtha1 exroxa. By more carzful dealgn, it 
i3 believed that these erroro can be made negl,ls@Ie in fUhI?e equJJ$enta. 

1 In other are&B where lack or' registrat1cn between the two d:s&aya 
was noted, the two targets rere displ.ayzd a: pcint:de differing by a8 mush a8 
7 ma ?%.eee errors were aexcuthal errors and range non-Xnearitiea Which 
can be mintiized -iWougb better design, The azimuth fo:iowing syntem of 
the RATAX equipment dot: rot achieve the accraracies vhlch can be obrajned 
by more expensive end ciightly T,jder band syatemae7 fUi,hough RAFAX range 
non IlnearitLee can approach 1.5 per cent (23 ,~=l), this is not considered 
ex:ewo-z but it can 'ce knpromd by IXXB cmeful aligmea"; ad designs 
alsady developed. 

, 

The TV &:oJec:or used WB a commers;eJ pcduoL h'Ll:h COLY 
provSde considerably Lzproved linearity by rL8,?e caref~J. ettxention to cx- 
cuit design and componen, oelection, The IAIXOR display hae ix&rent 

I accuracy problems because the vtritlng gun is not s,rpendxular to the 
sto3.g~: ineulaCizr. The 25’ angle from the perpendicular glv& rise to 
eiliptjcity wnjch reyuirea sweep compen~t~on, Improvement i_? deFta and 
adjustment techmquea can be elr&ctcd ao greatez esperience %nth thizi~i tube 
is obtained. 

Smaricing, the greetest e'x~s occur at short range because 
slant range differs LTZ, surface r&nge to an aircraft. lack of regM:ra- 
tion between the two display systema also was gredtest at ehcrt range. 
Errors as great a8 10 nm k-ere cccasionally noted. By b!a&ing the first 
10 nm cl: each dxsplay and allowing only the adjacent syotem to cover the 
volme eo blanked, this problem can be minimized. 

These projection sy6tema of 50-in& dlemeter roaulted in 
hQl.r-light brightness of between to and three foot-candles. Thie level 
appeared. usable during the tests but higher bri&tneea is desirable. 

NIth regard to contrast, the TV system wa8 not a8 good a8 the 
IATRCX for two reasons; fire;, because the targets are white on a white 
display board, and BecondJ hecauee noioe background of the display also 

7 A new model of RAWX, delivered to TJX since these t-fltB 3+x= 
conclude3,will use a ~~~*,gi~~e,single-speed eystem, which should provide 
more uniform azimuth follow-lug. 



17 

is white. However, the TV system was far more usable in the beacon 
application than in a radar a?pl!catxon, 8mce beacox Lnzgetg were larger 
e?d stronger, and there kwre 20 Freaipitaticn interfartim? or groa 
ClLher witi~ which ‘56 co&end. At tne antenna ~w.?.I rate of L5 rpm, and 
f-eedom from precipitation ezd grouxl clutter, excellent, sts?agc aad 
target trails were o3ta:ced. 

Display Resolution. 
F&WAX ?eeoolut;on in range, tind antzlma rosclution in azimuth, 

were limiting factora e3uhough the IATRON iisz;f does not have a8 good 
reEolution a8 would be desirable. The 9,foot beacon antenna near max:mVm 
range pcvided target slgx& ao much a8 29 ?rn tide in azkxh on the Udi- 
C&tXX. As stated previomly, the RAFhY rcnp reenlur.icn wa8 about 3.0 mu. 
At best, the IATZON resolution d~a not exceed 'this emount when 1z-d to 
display 150 nm radiuo. ?he manufacturer's data indicate that 60 epots per 
radius of 150 nm will give a resolution of 2.5 nm. Such resclktion apgears 
a little optxnlotic for coctlnuous aervke. It rould appear that the 
RATUX and IATRON resolution al-e of *&e 8ame order and that 3.0 am is about 
the qus11"cy tha:, msy be ex?)eo~~&. 

OPERATIOFAL FJ-ALUATION 

General. 
OperatLonal evaluation tests OP the beacon oygtem were conducted 

in tbxee ways: (1) hy ?oLlowing identifxad aircraft paea-g throu@l the 
Indianapolls area; (2) b> checks of system pzePornanoe ucling DC-3 alrcraft; 
and (3) by vectoring TEAT Jet airera& Fr typical patterns to evaluate 
possible separation standerds. 

Numerous mil:tary elrcraft with ope~at.Fcg beecons were tracked 
on the Woramlc ATC dispky. Flight plan itiormatlor? cn ma-ny cI these 

axcraf-c wa.s avaC&le from tLa Indianapolis AR'CC Center. By monitoring 



a~r/gxound comrmuucation channels being used by the L!BiHn: Center and IESACS 
111 the area , pilot reporti; of position were intercepted and &he aircraft 
were laentifiea. Information on Visual Flight Rules (WE) flights also 
was obtained in this mcnner. In some cases aircraft were contacted directly 
by redio after making position reports and were then requested to turn on 
their beacons, Figure 30 is a view oi” tne panoramic ATC display with beacon 
returno from several aircraft displayed. 

The Center’s DC-~ aircraft were flown in two tests to observe 
sys tern performance I l?e first flight, from Indionapolio to Cincxinati to 

Dayton and return, was entirely within t!le overlap area of the two beacon 
sysfem. Target quaii:y was recorded for each onte.nna scan. In addition, 
target quality was rcce3ed. oimuitanecusly at WPMB on tne Jamestown 
system for comparison wi;h the daLd received at Indianapolis ovz: the 
EAFAX!/telephcne line lirk. Fi;?n-e 31 indicntes the coverags obislned from 
bot!l beacon systems during th;s fli&t. Subsequently, an additional flight 
check was perforraed with the TDC airc;a f: flying from indiaoapoiis over 
Dayton and Coiumbus to Reeling, West Virginia; --hence over Fu’rkeraburg to 
Charleston, and from Charles-on via York and C-ncinnati to indianapo:is. 
Each antenna scan wna recorded at bo;h locations a Figure 32 Is a compara- 
tive plot of the Jamestown beacon data before and after remoting. 

As a result of the spotty coverage of the &meo’&x?l beacon, 
additicnal maintenance work h’as perfor,acd on this beacon syctem near the 
end of the test period. Although no additional Plight checks were made 
after this maintenance York was accompiished, considerable improvement in 
reliability of target returns was noted. 

Brief tests also were made with Jet fighter aircraft supplied by 
the USAF from ‘X%FB. These tests were directed pri!marily toward determining 
posoi-31.e separatio>x stondardo that might be used wir,h the beacon system 
under test. Alrcraft rgere vectored in typical patterns to deterdine usable 
range Kmd azunu’& resolution. in A of Fig. 33 a i7-86-~ aircraft is shown 
overtaking and passing a F-$-C aircraft approaching Cincinnati (upper 
center of photo) with partial tar&et overlap of returns from the Indianapolis 
beacon system. In B of Fig. 33, obtained a short tune later, are shor<n the 
Indianapolis beacon retnrns overlapping as the aircraft passed. A and B 02 
Fig. 34 were taken at ITPAFF at +&e same time as A and B of Fig. 33 and show 
the beacon returns of these sme aircraft from the Jsmestoa system before 
r-emoting to Indianapolis. Ike affect of the dizference in beam width of 
the two anten-:as in quite apparent. 

Problems Noted. 
1. It was noted that many conventional military airzreft operating 

at the lower altitudes had beacons in operaticn. MEU-L~ others did not have 



beacons in oneration. Similarly, some jet aircraft at high e.ltltti@s ha* 
beacons turned on while otiers !:id rot, For poaitivs control of all air- 
craft qerating above a desi@ixed altitude, all aircraft snould be equipped 
wxth an opawting beacon., AIrcraft et lower level6 would be required to 
turn off their beacons, or change mode, t:, e!.imcxtz -.&e-sired i-ahrm on 
the displays. 

2, Aircraft returns on the India~?&~~lis beam2 s7Jstem "OCCUpied" 
considerable airspace, the +a“gets being long az%s when using the g-foot 
antenna. At ranges bqorld 100 statute miles these srcfi frequently we=e 
20 statute mles Img. i3 namal. radar control, conarclle~s do rot dLl0w 
tar&s to overlap; aMi in fes:, generally we et leegf the miniwm spa+ 
l-l& 4.32 C’lree statute miLka (five md.ec be:mxxl LO miles Cls&axe) betwren 
adJamlt d@L of tE&pef ,"ECXTL;:" If this practice liere contlnuei M%h 
the k&xn s:rstem, axcr&t tocl~7 lxni? to be &~%ed 2j sfs'uhe miles epsrt 
l?teLal?y at the longer ranges. present ~t2l.s pcmit aircraft to i .y 011 
adjacent airuays VYL* ten ~ta~ui.e mles I&e-al. 8~clng Latween center- 
lines of the airWays. pi- beam width of the beacon system can, of CoX'se, 
be reduced considerably by use of ia-cger e&tennae. 

3. Tnrget fah+ due to nulls in the ve~tissl radiation pattern of 
the beacon srten~a, was noticeable beyrxti lO0 rm, These fedes boeoxe 
objac.tlsasble beyxd 129 rm. Better sitmg of antennaa may provide usable 
zargen J.Q t3 150 mu. A&O, aj.rc-ezf'; meking turns frequently faded out, 
appren+~y due to shle1dir.g of t#he &a- -~--raSt antenna by structixsl parts Of 
the airplane such as tie wings, At ranges of less than 10 to lj ni, 
returns were lost &e to the "core" over *he station. h 6-d B of Fig. 35 
show displays of flights observed on the Indiena~olis beacon eystem. They 
liiU3'UlaXe the effects of the nulls in tile radiation pattern at longer 
mmlges o Fruit pulloes from the Jamestown system, which were passed by the 
RAPkX ad presented by zhe IATRON, frequently were es lerge an3 bright as 
the aircra3 targets, mekirg i; extremely cM'iicu3.t to distinguish actual 
aircraft returns from false reL*ns. muat interference ocxzed in varying 
degrees m At times, the Jamestox~n system, as presented on the panoramic ATC 
display board, was not unable became of the controUe;-vs inability to 
&latingulsh airosaft ret~zae from fruit puisee. on tLe Indianapolis beacon 
system, the aircraft rarlar returns could be iientified x02& because of 
the m?e arcs as dxstl;7guished from the &t-type fruit returns. Figure 33 
illustrates this effect. KLOVJ gz’ound interrogators within the tent area 
were located at the Roctiille, Indlena, AiOC radar site jO nm West of 
Inalanapolis, at EC, at Jamestown, at WPAEB on the CPN-\J-‘8 radar, and at 
the Bellefontaane, Ohio, ADC radar site, kj nm north of Jamestoy+& Other 
adJacen5 ADC sltea uncut-btedly contributed to some of the fruit-type inter- 
ferenbe D It is not known If there were other mi?,ikary eLtxvities Within 
the area using grodm$ idz2rrogatom during the test period. 
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4. Proper i&ntificatlon of aircraft beacon returns in thin system 
also %s a problem. Identifying turns are not considered very practical with 
the 9-foclt antenna syeiem because of t&e wide targets, espaclall&' at low 
antenna rohtion rates. AsHug pflots to switch a besson ofT for a short 
interval, and then back on, is not positive idertsflcaflon because of 
possible simultaneous fades FTI returns from other an-craft, due to either 
nulls m tne ground antenza pattern, or alrc!=aft msseuverso In the flight- 
foilowlng test> ident~ficatioz normalZ.g was accomplished by association of 
the pilot's poeitlon reTortwi+h observed aircrsft reties over a ffx. Mode 
or code selection system were not avaIlable for these tests. 

1. From a reliabdlity stanclpoint, +&a remot?ng sys'zm 1s about as 
simple as can be imagined at +his time. r&x ad;uet&, It was stable and 
dependable. 'Phe failures that occurred were not excessive, but even greater 
reli,ablllty cotid be expected with more experience. 

2. !I!he remoting system provtied goad sensit;lvity to emall targets, 
faithful reproductkn with signal-to-noise ratios closely approaching 1. 

3. !%e maxmum non-linearity 03serfed. .b ran@ was 1.46 per cent 
of 150 run, maximum range, or 2.2 am. 

4. 5~ RAPAX equipment used ~rmitted a minimum range resolution of 
3.0 ml. 

5. Under norma: operaking conditions, FIAJXI reduced beacon fruit 
approxmately 60 per cent. T;?e:e are no mtermediate o:gmal levels. 
Fruit or receiver noise, when it breaks th-ou&, has the same level and 
pulse width as synchronized signals. 

6. The q-foot beacon antenna gave indicator asim&h width to some 
targets of 20 miles or more. when possible, the la-foot, or larger, 
antennas should be employed. With either antenna a beacon range of 100 nm 
Was found dependable. Rages up to 150 rzn were frequently obtained. 

7. The IPiRON has a resolution comparable +o the R@S.X system and 
provides good contrast. Contmued efforts to improve resolution are 
required, 
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8. 30th the TV projection and the IATRON with 50-inch diameter 
displays meet the minimum brightnaas requirements. Dioylay linearity Of 
esch requires continued &for% toward improvement. 

9. In general, the beacon equipment, the narrow-band equipment, the 
transmission circuit, and the available displays are technically adequate 
at present to provide usable data for high-al+itude control. CO;?tiriUed 

effort is required to improve the remoting and display techniques aa Well 
as the beacon system itself, 

Cperationol. 
It appeared Lbzt it would be possible to furnish positive air 

traffic control of all hi@-altltcde, high-speed aircraft by use of existing 
military baecon equipments provided tiat: 

I. . All aircraft operating above an agreed-a;on altltads are equipped 
with an operating beacon. 

2. Aircraft operating below this level do not use beacons except ~8 
requeoted by ATC. Jet aircraft making penetration let-downs or during 
olimb-outs might be requested by ATC to tu?n on beaconss 

3. Military ground-station interrogation of airborne beacons is 
limited ia any one area to one site to reduce fruit Interference. For 
exsmpie, it mrp&t be possible for the AX long-range radar to be USed a8 
chc master ground beacon station for a given area, with all o%er military 
activities in the area obtaining aircraft beaoon data froa this station. 
Beacon data for ATC Centers could be derived from these ADC sites, from 
beacon equipment installed locally at AEITC Centers, and from ocher nec- 
essary ground iastallations to provide complete coverage of all airspace 
above the agreed-upon altitude level. 

4. Ground beacon installations arerrepeated approximately ever 200 nm 
to permit coverage overlap in the high-altitude airspace. Nulls in the 
VertiCal radiation pattern become ObJectionable beyond 120 nm. 

5. Discrete clear-channel communications are provided between 
aircraft and high-altitude ssctors m ARTC Centers, Present levels of 
interference on the common AXTC Center frequency of 301.4 MC ars too high 
to permit its use for control of ali aircraft at high altitudes. 

Use of the existing military beacon system with the above 
reotrlctions could provide a mea119 for positive air traffic control of all 
alrCraPt at hi& al titudea. It is estimated that this system, with the 
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panoramic A!lC dieplay, could accommodate traffic densities of 15 to 23 

aircraft within the approximate coverage of each beacon baaed on 100 nm 
usable range. 

The high speed of aircraft in high-altitude airspace mak?s this 
conlrol desirable, Became mo8; military aircraft operating in this air- 
space are presently equipped ulth the beacocv_, such a eystn ehould ba 
feasible for use with the proper ground titalla'dcur. Civii aircraft 
operating 13 thi6 high-altitude airspace also c;ould requulre this beacon 
equipmek It 10 antir;?pa-ced tiat procurement and iretaYletion of ground 
facilitiee fcr such a ey~tem would require 12 to 18 mc&hs. It should be 
home in mind that thio ifl not considered an ultimate solution to +his 
pnoble,n, but it is a poc~:ble way cf prDvid:ng poeitlre co&?01 of all 
aircraft at high elt".tude~ in tze immediate fukre. 

FXOWESDATIOYS 

It la rccme.~Ced t&t .en in-eervfoe 'kt U3ing the existhg 
military beacon syetem fsr air traffic control be occompliehed at the 
ACEC/kdianapolie ARK Canter fcr the entire Indianapolie A2TC area. 

The foUowing program is recomended: 

1, Effect coordinaticn wirh military and other ueere of higb altitude 
airspace to conduct tests using %3e exiekd > 'g military beacon eyatam for 
control of aircraft on an area baeisa A base altitude of 26,003 feet is 
reccnnmended because most Jet aircraft operate above tbie altitude, end 
most conventionel propeller-type aircraft operate below thie level. It 
is understood 'chat most Jet aircraft are preeently equipped with beacons. 
Aircraft operating below 26,000 feet in the Indienapoli8 P.TC area would 
not uee bescone except a8 requested by ATC. 

2. Conduct tests based on: 

a. Control of IFR flighte only with VFR or loo0 feet-on-top 
cp5atione allowed; end 

b. Poeitive control of all aircraft in the deeignated high-altitude 
airspace. In See teBte, only those aircraft equipped with 
an operating beacon would be allowed to operate in the I 
high-altitude airspace. 

3. Obtain agreements with the military to use Mode 1 of the beacon 
sydem for normal sezurna for air traffic contrcl and use of Mode 2 and/or 
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Mode 3 for identification of particular aircraft aa requested by the 
controllers. 

b. Obtain agreement tith the military to restrict operation of 
military ground lricerro&ors within the area to a m.Inimum, if iderference 
becomes a major problem during the tests; that ifi, military stations nor- 
mally would be in B etand-by non-operating condition, and turned on momen- 
tarily, or for very brief per1od.s &B military necessity requires, 

5. Install go~vzd beacon systems in the Mienapoli~ ARTC area to 
provide complete ooT,erage of high-altatude afrspece. LE.0 St&ions properly 
located till provide coverage of the entire Irdianapolls area above 
26,000 feet. 

6, use nerraw-band (slowed-down video) ecpipents and landlines for 
trammisszon of remoted be&con da&a with en adEtior~1 control line for 
remote selection of iderrogator modec 
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FIG. 2 Basic Units of the HRB RAFAX 
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Fig 10 IATRON end CPL ProJectQre Mounted m AttIc Over PANOP Board 
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\ FIG 30 PANORAMIC ATC Ot SPLAY 
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