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A. SCOPE OF REPORT 
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I. INTRODUCTION 

, -

This report is a summary of progrefls during 1953 on the programs undertaken by 

Lincoln Laboratory, Massachusetts Institute of Technology, under subcontract to the Western 

Electric Company Subcontract X-Zll (Prime Contract AF 18(600)-57l). Its purpose is to sum­

marize the work performed and the results obtained; it is not intended to reiterate the detailed 

information contained in applicable Quarterly Progress Reports, Technical Reports, Technical 

Memoranda, and Manuals of the Lincoln Laboratory. (Many of these documents are listed on 
page 1-Z.) 

B. HISTORY OF PROJECT CORRODE 

During the summer of 1952, a Study Group under the auspices of Lincoln Laboratory 

conducted a study of the defense of the United States against enemy air attack. ~.his Summer 

Study Group recommended the establishment of a distant early-warning (DEW} line in the arctic 

region to provide warning of impending air attack sufficiently early so that effective defense 

measures could be initiated before enemy aircraft entered vital areas. 

Late m 19Sl, PROJECT COUNTER CHANGE (now PROJECT CORRODE) was estab· 

liehed under Alt· Force cognizance to provide for the installation of a model DEW line and for the 

dp•;elopment of improved equipment for early-warning application. As prime contractor for 

PROJECT CORRODE. the Western Electric Company agreed to furnish the necessary equipment 

and install lt during the summer of 1953. Certain phases of the initial development and engineer­

ing design were undertaken by Lincoln Laboratory In December l 9Sl, and the commitments for 

the first phase of the field installations were fulfilled on the scheduled date of I May 1953. 

The Lincoln Laboratory also provided supporting technical services. These included 

trainingof Western Electric operating personnel. and the installation and Initial adjustment of 

radar and communications equipment at the domestic sites. In the Far North, Laborato1·y per­

sonnel assisted in the adjustment and initial operation of the VHF scatter-communication equip· 

ment (at this writing, similar services are being furnished for radar equipment). 

C . BREAKDOWN OF EFFORT IN LINCOLN LABORATORY 

The p lclpation of the Laboratory in PRO;."ECT CORRODE started as crash pro­

grams in the fields of ground-based radar and long-range communications. As time went on, the 

Laboratory activity for PROJECT CORRODE evolved into a more extensive and continuing pro­

gram of research, development and field engineering. handled principally by Group 31 (Radar 

Systems), Group 36 (Communications Systems Engineering) and Group 45 (Airborne Early Warn­

ing). Personnel of Group 33 (Long-Range Communications) and Group 34 (Communications 

Techniques) also contributed materially to the CORRODE program . The work on lCoustic detec­

tion was carried out dfrectly under Division S (Special Systems). 
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II. DEVELOPMENT OF AUTOMATIC ALERTING RADAR 

A. INTRODUCTION 

One or the requirements or the DEW line is that reliable results from radars be 

ob: .Ained o ver a prolonced period with minimum use or field personnel. The Summer Study Group 

therefore recommended the use of automatic-alarm devices rather than constan~ watch by PPI 

operators. To fulfill this requirement, a development program was carried out to modify the 

AN/ TPS-lD radar to provide automatic alerting. (This rad::.r equipment was chosen mainly be­

cause It was available in the quantities required and because it was or moderate size and com­

plexity.) In order to meet the time scale for shipment o r equipment to the Far North, it was 

necessary tomake compromist's In system performance . The system parameters - such as 

pulse-repetilion rate, gate length, time-o n-target, alarm circuitry, and audible presentation -

were interrelated and dependent to a large extent upon the design characteristics or the basic 

radar equipment . 

The program for modifying the AN/ TPS - lD radar and providing for au<llble­

presentatlon and alarm circ uits was divided into several parts: 

(I) Design of the gating, filtering and alerting circuits. 

(l) Comparison o f the performance of automatic-alarm systems with the 
performance of human operators. 

(3) Evaluation or the capabilities and limitations o r the radar set, par­
ticularly with regard to inc reasing Its pulse length and/or repetition rate. 

(•0 Procurement and production or components needed for the field equip-
ments. 

(5) Sys tem testing or completed equipments . 

B . AUTOMATIC ALERTING RADAR X-1 

The basic techniques for obtaining automatic alarms, Including analytical work, 

experimental bench testing, auditory perception tests, experimental flight teats, and the estab­

lishment or a prac tical design. were evolved on a crash basis In the early spring or 1953. A 

program to modify ten AN/TPS- lD radars and to fabricate an equal number of X-1 Radalarm 

units was subsequently a c tivated. The engineering design, drafting and procurement or the 

necessary components were accomplis hed by Lincoln Laboratory personnel. Contracts were 

awarded to several local elec tronii:: concerns in the greater Boston area for .the fabrication or 

system components. The system a11sernbly, Inc luding radar modifications to provide for long­

pulse operation and improved MTl performance of the AN/TPS-lD rada r, was handled within the 

Laboratory . At the Illinois test sites, ass istanc e was provided to the Western Electric Company 

by Lincoln Laboratory personnel with the assistance or Raytheon field engineering services 

obtained under a separate field service contract with Raytheon Manufacturing C o mpany. Special 

test equipment for the radar and alarm circuits was developed or procured from Government 

Furnished Equipment so1Jrces and turned over to the Western Electric Company. 

Figure 11-1 is a bl"::.i< diagram of the Automatic Alerting Radar X-1 which was the 

designation given to the AN/TPS-lD (Mod A) equipped with X - 1 Radalarm. Figures ll·l and 11-3 

show the arrangement or the components ln the X-1 Radalarm which are installed in two' 7-foot 
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relay cabinets. Each unit contains six range gates and associated automatic alar ms that provide 

for monitoring six adjustable annular rings centered at the radar. 

C. COMPARISON OF AUTOMATIC VS AUDITORY DETECTION BY HUMAN OPERATORS 

An experiment was carried out in the Laboratory to evaluate, under controlled condi­

tions, the performance of the Radalar m X-1 as a detection device i n c omparison with the per­

formance of attentive operators hearing the same s ignals. A block diagram of the apparatus used 

in the test is shown in 'Fig. II-4. The apparatus presented simulated "targets" simultaneously to 

the Radalarm and to an audio amplifier d riving loudspeakers in the subjects listening booths. At 

eac h frequency (audio tones between l 1 (I a11cl 360 cps to simulate the Doppler component or the 

radar return), "targets" of gradually im ''l•asing intensity were presented, and r ecording equip­

ment noted the target strength at which the Radalarm meter was tripped and at which the Naval 

enlisted men serving as subjects (l O in all) reported the signals. 

The principal results of the experiment are shown in F ig. II-S. These results may be 

interpreted to mean that, if the R adalarm meter is sl' ~ at a level of sensitivity at which its false­

alarm rate equals the false-alarm rate of the ave rage human operator, the differenc e between the 

signal intensities necessary to insure a given probability of auditory detection by human observers 

and by the alarm is slight - or the order of one dec ibel. Since the human observe rs were alert 

and not subjec t to the dulling effects of long watches in an area where the air traffic is extremely 

low, thls finding may be taken as favorable to the eftlcacy and sensi tivity or the automatic-alarm 

circuits. In view of the results of this experiment, it was dec ided to eliminate the audible dis ­

play from subsequent Radalarm uni ts. 

Further information o n the comparison of human and automatic d e tection ls contained 

in Lincoln Laborato ry Technical Reports. 

D. IMPROVED RADARS FOR PROJECT CORRODE 

It was r e cogni z ed at the outset that the Automatic Alerting Radar X-1 would have sev­

eral operational deiicienc ies as an early-warning radar. As soon as the rush program to produc e 

the X-1 sys tem was completed, attention was directe d to the problem of obtaining an improved 

alert ing radar. A survey of produc tion radars indicated that only two sets merited serious con­

s ideration. One was the AWTPS-lD (already used in the Auto matic Al e rting Radar X- 1), and 

t he other was the AWFPS-8. 

1. AWTPS-1 D Modification Program 

Three possibilities for further improving the AWTPS-lD were invest igated. One was 

t.o use the antenna built for the AWFPS-8 radar to pr ovide increased ranie and high-altitude c o v ­

erage. (This a ntenna hae a lS-foot horizontal aperture and cosecant-squared vertical coverage.) 

The second was to inc r ease the magnetron pulse lenith in order to obtain a more satisfactory r a­

tio or gate width to pulse length. This possibility was discussed with the Power Tube Division of 

the Raytheon Manufac turing C ompany, but it was found to be infeasible because of the character­

istic s of the SJl6 magnetron used in the AWTPS-lD. (Raytheon is continuing to lnvestlgate wha t 
can be done to improve t he life a nd long-pulse operation of the SJl6 m&.gnetron.) The third 
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possibility was to redesign and repackage the Radal11rm unit, incorporating ideas accumulated 

during the crash development and testll')g of Radalarm X-1. A new alarm unit, called X-2, wae 

built; this was functionally equivalent to the X-1 , but occupied only 40 per cent of the volume, 

and required fewer tubes per alarm c hannel. By August 19S3, development of an even more re­

fined and aimpllfied audio-alarm unit had progressed to the stage where it could be turned over 

to the Raytheon Manufacturing Company for prr.iuctlon engineering as part of the Automatic 

Alerting Radar X-3. A description of the X-3 system la contained in Sec. ll-E of this report. 

Z. AN/FPS-8 Evaluation Program 

A paper investigation was carried out to determine the aultabllity of the AN/FPS-8 

radar for use with an automatic-alarm system. The AN/FPS-R is a higher -powered L-band 

search radar of the AN/TPS-lD type but designed for fixed installations. 

At the request of the Lincoln Laboratory, personnel of General Electric Company in­

vestigated the feasibility of stretc hing the magnetron pulse length from 3 to 6 _.sec, or longer If 

po88ible. A preliminary check indirAted the feasibility of this change, but lack of performance 

data on the QK3S8 magnetron has prevented the necessary detailed evaluation of long-pulse opera­

tion. 

An AN/FPS- 8 radar was reletised by the Air Force In the summer of 19S3 for uee of 

Lincoln Laboratory and wa..: installed Rt the Lexi.ngton F ie ld Station. Certaih component difflcul­

ties, such aa leaky pulse transformers. AFC instability, etc. were encountered in setting up 

this equipment. After a period of approximately six weeks, the system settled down to provide 

c onsistent performance. Late in 19S3, a flight - test evaluation program commenced, which will 

attempt to asc ertain the over - all rndar performance characteristics, with particular emphasis 

being placed upon the high-altitude co verage of the system. After the radar calibration has been 

completed, a modified Rad:ilarm X-3 will be attached to this radar to evaluate its operation as an 

automatic-alerting radar system. 

E . AUTOMATIC-ALERTING RADAR X-3 

In August I 9 Sl , a c ontrac t was awarded to the Raytheon Manufacturit1g Company to 

engineer for production and to fabricnte two complete models of an automatic-alerting radar sys­

tem utilizing the Radalarm X-3, a modlrled AN/TPS· lD, and the AN/FPS ·· 8 antenna. Thia com­

bination of units will provit.le: (I) itond high-altitude coveraee with a csc2 anteMa, (Z) detection 

or B-Z9 type airc: raft (head-on aspect) nt ranges of about 90 nautical miles, and (l) detection of 

aircraft flying at radial speeds or up to 4SO m iles per hour. The first prototype system le s ched­

uled for delivery by the end of January 19S4 . (At the time or writing, both models have been de­

livered to Linc o ln LaborRtory: one is being installed in Building C , the other will be shipped to 

Illinois for use in the domestic CORRODE trials.) 

Vertical-coverRgn diagrams, showing the relative performance of the X-1 and X-3 

Automatic Alerting RadarR, n1·e pre sented i n Fig. II-6. 

Figure II - 7 itc n hlock diagram of Radalarm X-3. It differs from Radalarm X-Z in 

the following r eispecfa : 

(11 The f' 1S11 1? l in~ pnls<? l s produced by a modulator ch·c ult employing a pulae­
forming n " two;i< r.11tl thyr ,.,tron: 
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Fig . 11- 2 . Rodolarm X-1 , range gate cabinet. Fig .11-3. Radalarm X-1 , audio alarm cabinet . 
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Fig. 11-S(a). Raclalarm X-3, frnnt view . 
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Fig. 11-S(b). Rodolorm X-3, tide view. 
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la under con•tructlon by Radio En1tneerin1 Laboratoriem, Inc. , and l• acheduled for deliverJ' in 

Ma7 1954. 

D. COMPaf!:NTo 

Parallelln1 the •7atem teata hall been work on the varioua compcnent• or a Fluttar 

link, includin1 alarm circuitry, filter development, mapetlc-tape memory, etc. The•• will 

ahortly receive field evaluation teat• • 
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IV, ACOUSTICS PROGRAM FOR PROJECT CORRODE 

A. INTRODUCTION 

The objective of the acouetiu pro1ram for PROJECT CORRODE WH to determine 

the value of acouetlc detection ae a eupplementary technique to radar detection, eapec:lally for 
• low-altitude appllcatlon. The work done durln1 the year I 9S3 falla into three principal cate-

,orlee: 

(I) Propaption, 

(Z) Detector• (I.e., microphone• and wlndecreene), 

(3) Analy•I• and pre•entatlon. 

B. PROPAGATION 

From information available in the eummer of l 9SZ, It WH c:lear that the ltmltinl 

factor In the u•• of acouetlc detectore would be the varlal~on ln detection ranee due to varla• 

tlona in back1round nolae and In aound-propa1atton conditions. Preparation• for an ezperlmen­

tal dctennlnatton of the ran,e dtetrlbutlon ln the Far North were made durln1 t.he latter ball of 

l 9SZ and, in January l 9S3, a fit,tlt-teat protram waa undertaken at Skull Cltff (near Pt. Barrow), 

Aluka . In theae teata, a B·Z9 aircraft new controlled cour••• at altitude• from SOO to SOOO 

f"et (plu• a few fillhta at 10,000 feet>. makln1 •trallht paHH over the pickup and at radial di•· 

tancea up to 40 mllea from the pickup. The pickup waa an omnidirectional mlcraphone mo\S\ted •• ln a wlndacreen; the analyala-preaentation ayetem wae LOFAR. The filtbt-teat prosram wu 

completed in March. 

Dur1n1 the sutnmer and fall of 19S3, the reaulta of the Alukan teat• were analysed 

to obtain atatlatlcal dlatrlbution• of detection ran1e for the condition• encountered durin1 the 

nt1ht-teat pro1ram . Cltmatoloilcal record• for Pt. Barrow for the period 1946 throusb 19SZ 

were atudled and correlated with the obeerved data In o rder to obtain eatlmatee of ranp dlatrl• 

butlon on a year-round baele. It waa concluded tentatively that, In the Pt. Barrow re11on, the 

ran1e b)' acouatlc detection on a B-Z9 aircraft fiyln1 at ZOOO feet altitude or lower would be S to 

10 mile• durln1 10 per cent of the time. In thi• re11on, the two controllln1 factor• are aurface 

wind and aound refraction In the atmoaphere. 

C. ACOUSTIC DETECTORS 

l. Microphone Array• 

At the requeet of Lincoln Laboratory, General Electric personnel conducted ezperl· 

menta to compare the performance of a aln1le omnidi rectional m icrophone with the performance 

• S.., In this c:onnectlon1 (1) H.Seh«:ter and A. l.Cudwofth, •Acoustic Detection lcnge fOf o l.ow-F1yf"I 1-29,• 
puellshed lolntly by Elecnonlc1 Res-ch Division, Air Force Cc.bridge Rw~h Cent.r, Air Rwearch and Devel­
opment COmmarid cind Ac:-tlc1 ~toty, M.l.T. ~ember 1952); (2) A.L.Cudwonh ond H.Sehecter, •foc­
lot'I Affectlnt1 Range of Acoustic Detection of Aircraft, fdtllthed lolntly lty Ac0uttlca l.Glioiatoiy, M.I. T. and 
Elec.,_lc1 a..-ch Division, Air Fon:e Ccimbrldge R-.-ch Cent.r, Air leMOreh and Development~ cs. ... 1952) • •• Low-frequency analyzing r_.der designed ond built by a.11 TeleoMn. Labonitorl• For the Ofnce oF Nowl 
~ch. Thlt onolyz• the bent From 1.5 to 150 cpt with on effective niter bondwldth of about 1 cpt and glv• 
o continuous display of the spectrum on a Teledeltoa paper tape. S.. Quarterly Progr- Report, 1June1951, 
on Controct NOnr-210 (01), Prolect VLF, Bell Tel41phon• laboralorlea. 
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or 4- and 9-mlcrophone linear arrays. The apacln1 between microphone• wu 7 reet. Fll1ht 

teeta ualn1 a B-Z9 aircraft Indicated 1aina In detection ran1e ol about 15 and Z3 per cent, re­

apectlvel)', ror the linear <trraya. (Althou1h thla pro1ram waa not aupported under the X-ZI 3 

aubcontract lt I• Included for ita relevance to the CORRODE proaram.) 

z. ~acreen Study 

A atudy of wlndacreen performance waa made by the acouatical conaultln1 firm or 

Bolt, Beranek and Newman In an attempt to arrive at plde line• for the dealin or wlndacreena, 

and to eatlmate the maximum benefit to be expected rror:1 a wlndacreen of optlrnum dealp. Jn 

thl• atudy, the approach wu to formulate a theory tor the nolae generated by turbulence at the 

wlndacreen, and to make empirical eatlmatea of the parameter• In thla theory by analyzi111i 

performanc e data for a wide variety of wlndacreena. 

Study ol performance data on cylindrical ahape• Indicated that, to obtain maximum 

effectlveneaa at frequenclea up to a few hundred cycle• per aecond. the optimum confi1uratlon 

la a cir cular cylinder with lenith/ dlameter ratio of at leaat Z:l and diameter of about Z teet or 

more. Moel of the enclosure may be acouatlcally opaque: about one-fifth or more of lhe area 

ahould be open. The openln1• ahould be covered with material havln1 a now realatance of o.oz 
to O.l ,c. 

Performance data on noncyllndrlcal acreena were not available. However. conaldera­

tlona of the aerodynamic• of noncyllndrlcal ahape• Indicate that no appreciable advanta1• over 

cylindrical acreena would be 1alned except by reaort to a wlndacreer• uavlnc directional •:harActer­

latlca. 

D. ANALYSIS AND PRESENTATION 

I. Commutated R-C Filter 

At the requeat of L incoln Laboratory, peraonnel at Melpar, Inc. de•lened and built 

two model• of a mf' r hanically commutated R-C filter . The frequency characterlatlc of thl• filter 

la auch that It paA1u•a any pPrlodic waverorm havln1 a fundamental frequency equal to (or an 

lnte1ral multlpl• of) thfo rommutator •haft-rotation frequency . Since the filter paaae• all the 

uaeful harn!onlca or lhl' airrraft aound apectrum . It olfera aome advanta1e (ln caae• where the 

apectrum envelope varlca with time) over a filter that paaaea only one harmonic at a tlme. The 

filters will be delivered early In 1954. If the performance or the tilter• la found to be aatlafactory, 

the poHlbllity or dulenlnc a trackln1 veralon that will follow the apectrum throuch the Doppler 

ahlft will be lnveat11ated, 

Another poaalble applic ation arlaea from the fac t lhat by a •lmple awltc hln1 operation 

the filter can be chan1ed to a rejec tion filter. Thua, It can be uaed to reject any periodic back­

iround noise, auc h •• that from a dleael power plant. 

l. Spectrum Analyr.er 

Lincoln Laboratory la procurln1 from Raytheon Manufac turln1 Company a hllh­

reaolution apectrum analyzer a lmllar to one developed by Raytheon under a Navy contract 

(N0aa-51-706c). Thia analyzer utUlzea an array or 4ZO maanetoatrlction rod (liters coverln1 
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Two paths are bein1 pursued : 

(1) A servomechanism drive capable of 1eneratln1 the required sine function was 

deai ined and built by J . Ward of the M.I .T. Servomechanisms Laboratory. A block dla1ram or 

thie ayetem ia ahown in Fit. VC-6. The system, while retainin1 the basic concepts or the other 

one, has the advanta1es or aircraft 1round-apeed adjustment from 100 to 270 mph, and allow• 

crab-an1le adjustment to* 45•. All t:ae above controls are mounted in a small box easily accea­

aible to the operator. A preliminary inveati1atlon indicate• that the a ccuracy ot the coherent 

oscillator cor"'ector will be within •1-1/4 miles throufhout its ranfe. The equipment will be 

installed in the aircraft by 15 February 1954. The objective of the early teats will be to deter­

mine the frequency or manipulation of the controls neceaaary to maintain 1ood cancellation at the 

output of the delay-line cancellation S)'3tem. 

(Z) A method of coho-frequency variation uainf electrcnic circuit• rather than 

mechanical devices. 
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Fig. \'C-1. llock dlagt"- of fl'090Md cohefent 01C illcrtor 
con....,,lon """ . 

Flg.VC-2 . llock dlogram of proposed variable capocltw 
drive . 
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fig .VC-.4 . PPI photograph lhowing normal video dllflloy . Fig . VC ·' . PPI photograph lhowing canc•I ~atlon 
ochiewd ueing a coh•Mt AMTI •)'It- (m•cu~y 
delay.line) . 
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Flt·Y£>-2 . $pectrul'll of- return, Halibut flolnt, 
6 february 19!53. TranMll"• vertlcolly polcwlzed; 
receiver horlzontally polcwlzed. The -11 •'"-• •e M ta l'llOCl.latlon of the traiwnltted pul•. The 
-,lltvde la proportional to wltop . 

, ,, , VD-3 . Sncnallna auMiar1ner Halibut'°'"'· 
3 F.twuory 1953. M.cfl""' .-ice height, .-cl 
6 knot., trc:.11mltter ho r11'.1Dntol, '9Celver vertlccil. 

Flg .VD-.4. Alrliome radar Installation for echo C:.,C•lorlzatlon atvdl". 
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E . PRESENTATION DEVICES 

The work on presentation devices for airborne early warning Is aimed at a more 

etriclent data d isplay peculiar to the cond itio ns or AEW. The low expected tai·get density, both 

spatial and temporal, and the long watches produce problems In operator fatleue and boredom 

In addition to the standard engineerine problems. Work Is now In progress alone the followine 

lines. 

(l) A bright flic ker-free display. 

(2) A stationary display over the period ot one antenna rotation. 

(3) Data storage that will allow the operator to refer bac k and re -examine 
previous s cans . 

(4) Motion - p icture presentation o f past recorded data. 

Rapld-!Jhotoeraphic-development systems are the only devices available at present tor achievine 

such displays . The time delay inherent in these systems, which diminishes their utility torGCI 

and ACI applications. is not important tor AEW. The reliability or the photographic systems has 

been a moot quest ion. However, it is po ss ible t hat a reliable device can be constructed for the 

lim ited requirements of AEW d isplay. 

The possible advantages to be derived from items ( I ) and (2) are under study with the 

Polaroid rapid-process camera. This equipment is built for a i rborne use and can project a 

photo;i r·ap~ic picture ot a PPI 20 seconds after exposure. The equipment has now had ~O hours 

or intermittent operation in the laboratory and , althoueh this Is too short a time to yield conclu­

s ive results, the results warrant further investigation. 

In addit ion to the instrumental tests, such as resolut ion and dynamic ranee or the 

films , it Is planned to run some test w ith observers that will allow statistical evaluation or the 

equipment under AEW conditions . These experiments are now being planned with the coopera­

tion of another grour in Lincoln Laboratory. 

The testine or Items (3) and (4) is also now in the planning and equ ipment-design 

sta1e. Recently, several new equ ipments have been considered for AEW Indicator use. The 

latest models ot the s klatron (dark- t race tube) were observed in operation. They have the advan­

tage of brightness and long persistence . but It is felt that the ir very limited contrast w i ll pre­

clude the ir use at this time. 

Several new tubes from the General Electric Co. tube laboratory In Syracuse are of 

Interest. The long-persis tenc e silicate phos phors are of part icular Interest, and two such tubes 

have been acquired tor testing. Also of interest is the G. E. development of Internal mag:tetlc 

focusing . This eliminates the outside fo cusing coils and removes the need for fo cuslne adjust ­

ment . 

The Xeroeraphy reproducing process was considered as a substitute tor photography. 

Preliminary studies are not very encoura1lng. Since another group in the Laboratory is actively 

interes ted in this process , we shall await the verdict there. 

The development of the Kenyon rapid-process camera Is being followed for compari­

son with the Polaroid equipment. For the same purpose, a Britis h-made rapid-process camera 

has been requested t h rough mllitary c hannels .. 
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F. AUTOMATIC-ALARM SYSTEMS (ARGUS) 

The design of automatic target-detection systems is of con siderable importance for 

any future AEW patrol, particularly in view of the physical discomfort of standing a long r adar 

watch In a patrol plane and the infrequent appearance of real t a rgets . The applic ation of 

automatic-alarm systems to conventional ground-based search radars pro mises to be very fru it­

ful; the Argus program for CORRODE is concerned with the extension of these techniques to 

a i rborne search radars. 

T o establish efficient automatic surveillance of all returned radar signals would re­

quire a great deal of equipment and would scarcely be wo rth while. Areus (Automatic Range­

Oated Alarm System) will guard ringlike regio ns produced in range by eating and in azimuth by 

the antenna's scanning. Once a possible target is detec ted by automatic means, the operator can 

be alerted to devote his r.itention to some particular portion of the guarded region during suc­

ceeding s c ans. Argus will do the crude work of detection; the operator must then exercise intel­

ligence and discreti<-; 1 for the evaluation o f the alarm targets . 

Three features characterize the e c ho from an airplane. or from another target : (I) 

intensity: (Z) Doppler shift, and (3) polarization. 

If the clutter level is negligible, automatic detection based on intensity is the simplest, 

Improved signal-to-noise performance may be a c h ieved by integrating all the returns from the 

particular target. This integration might be carried out by: 

(I) Storing v ideo information on a cathode-ray-tube phosphor having suitable 
pe rsistence characteristics. 

(l) Feedmg the v ideo signals into a conventional rec irculating delay-line inte-
gra tor. 

(3) Charging a capacitor with the v ideo voltage through a suitable resistor. 

(4) Applying the video s ignals to a me:e r ele ment possessing a suitable electro-
mechanical time constant. 

In each o f these po1uuhle systems . a F.:lec t ion level i s set. If at any time the level o f the output 

o f the integr ato r exceeds the &election level, .in a la r m circuit is tripped. The selection level 

Is c hosen on the basis of a compromise between false-a larm rate and detection sensitivity. 

If the clutter intensity is comparable to that expe c ted from a target, then detection 

of the Doppler s hift provides a more reliable system. The Doppler shift may be detected by an 

a irbor
1
ne movmg-target indic ator (AMTI) system in which the delay-line output is fed into one o f 

the integrators described above. The f: lter c harac ter istics of a single -delay-and-cancellation 

system may result in rather poor performanc e against sea c lutter. A multiple range-6:ate system 

with more carefully tailored filters was designed; th is project is called Argus L 

The operation of this system c an be explained by reference to the block diagram In 

F ig. VF-I. The mi.in bangs from the radar a re delayed and then used to gate the radar ' s video 

output. The s ampled video is stretched by a boxcar generator to full repetition-period length. 

A bandpas s filte r rejects most of the c lut ter spectrum. pa1111ing a 1ubstartial amount of energy 

from any target moving with respect to the e ffective clutte r patch near it in spac e (there are 

blind speeds in this system). The output of the filter is rectified and integrated , A level d is­

c r iminator monitors the resulting signal, triggering an alarm device when some set level is 

exceeded. A strong mark should then be impressed on the PPI d isplay to show the operator where 
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fig . VF-.4. Molter chcnai1 and No . 1 gvcwd ring of /14/gus I, 
Mic 2. The lonNr (bottofft unit) la 10-1/2 inc'- wld. and 
- lghs 16 pounck; the latter (top unit ), 15-1/2 Inc'- and 
46 pounds . The power supply is not shown . 

.... 

-~u -
._. .. -.'4 ..... 

Fig. VF-5. Simplified block d iogrom of .4rgus IV. 
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H. BARRIER DETECTION STUDIES 

The purpose of these etudlee ls to evaluate quantitatively the ef!ectJveneu or a bar­

rier patrol conslstln1 or N airborne search radars. In the flrat of theee studies, it was assumed , 

in workln1 out the theory, that the patrol planes were all fiyin1 the aame etralsht-line courae 

with constant velocity ; and that an enemy plane, the "tar1et," would fiy with a constant velocity 
0 

u ln a direction perpendicular to the direction ol the patrol, the vectors u and v being coplanar. 
0 0 0 

It waa further assumed that the radars were acannln1 circularly in the followtn1 manners: (1) 

all-around ecannln1 !or all radar&, (Z) aector acannln1 ln which the radar ls on !or an aniUlar 

meaaure of z,, radlana, off for (• - 2") radians, on for 2,S radians, off for (• - Z") radians. and 

•o on. Thi• latter altuati'l•l is the consequence <Jf aasumin1 that the radar antenna i• dealped 

to acan throush a aector an1le of z,, whoae bisector la perpendicular to the filsht path of the 

search alr~ra!t. ln examlnln1 the 1eometry of the al tu atlon, it le assumed that the barrier la 

stationary, so that the tar1et path pictured in Fi1. VH-1 l• w, the velocity of the target relative 

to the velocity of the patrol, l. e ., w = u
0 

- v
0

• 

The apacln1 D
0 

between plane• to 1Uarantee at least one radar look at any tar1et 

Whoae velocity does not exceed u
0 

was determined as a function o f the ran1e R, " the radar acan 

sector ae:nl-an1le (the scan sector bein1 aymmetrlc about an axla perpendicular to v ), and the 
~ l 0 

an1le y
0 

,. cot (v 
0
/u

0
). It was found that 

D = ZR (sln " + cos" · cot"" ) (I' < 90") o ~o 

D0 = ZR cac ' (all-around caae) 

U \ represents the lensth of the •cement alon1 one of these tar1et paths intercepted 

by the scanned aector, then the formula developed for the number of look• at a tar1et la 

(Z) 

where m l&-the number of antenna revolution• per mlnute, L la distance in mllea, and u and v 
~ 0 0 

are both fiven in mph. 

Aaaumin1 certain specific values for R, " ' and ~o' a 1reat deal of computln1 hae 

been done to meaaure the effectlvenea• of various poealble patrol patterns. Probabilltiee of 

detection for tar1eta Whoee apcede are different from the speed u
0 

aHumed ln determlnl111 the 

apacln1 have aleo been computed. 

Finally, aeaumln1 a constant barrier •peed of v 
0 

:i: ZOO mph, aa before, the tar1et 

velocity u waa conaldered to vary randomly in auch a way that the vectorial an1le for the result­

ant vector ; "' u - v
0

, viz . , ci Wile random between 0 and "· 

The numerical work is complete, and the reeulte of thle analyels will appear ln a 

Lincoln Laboratory Technical Report. Certain varlatlona ln the oristnally assumed patrol pat­
tern are beln1 etudled. 
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IEIRET 
StCUllJJ 11rg111ug1 

V-l4 

.. 
---'------ - - -



t 

i 
I 
I 

' 

SHllllTY INFHMAfllfl 

9E!8RET 
I. INTERFERENCE PATTERNS OVER THE SEA 

The fact that the sea presents a renectine surface to a search radar operatlnc above 

lt could result in increasing the tree-space ranee of the radar - at moat, doubUn1 it . On tht' 

other hand, it could also result in reducina the ran1e to far leaa than the free-apact' ran&t' -

even to zero. 

The sea causes the resultant aianal strensth In the apace aurroundin& a radar antt'nna 

to become osclllatory with respect to hciJht or dl!>tancc because or th.: ~tcm4tc rclnforccmcnt 

and reduction of direct-path ener11 by the sea-reriected·path enerl)' . Aa the eneratea of these 

two paths unltt' in phase, the resultant ls a maximum: aa tht'y unite out ol phase, the resultant 

is a minimum . Vertical-coveraae dlacrnms can be constn1cted to study thla sltuatlon (aee 

Fig. VJ- l ). 

As an enemy plane files toward A. say , at constant altitude, lt encounters the e-ctae 

or a lobe and thus passes into a reeion or detectability, the at rcnctt- ?f the rteld 1ncreaatn& from 

minimum detectability level at the edge of the lobe to maximum value aa 11 c roaaea the ce nt er 

line or lobe angle. Then the strength dee lines. approachi na the mlnlmum detectability level at 

the farther ed1e of the lobe. where it entc.:ra a null reclon (thl're, the slanal atrencth. betnc 

below detectability level, may be considered as at Zt'ro lt'vel). Thls condulon peratsta unul tht' 

plane encounters the next lobe. when the process iis rt'peated. It la conct'tvablt', tht'n, that th~•t' 

null reeions ma> be sizable enou&h 110 that a plane Oylna tn thh• manner ta •toat• tn tht'm and/ o r 

can predetermine such nulls and fly th rou1h the patrol barrier undetec ted. 

We have considered the particular case of a hieh · •llt' radar (Oylna at 10.000 fet't), 

usin1 horizontal polarization over a smooth at'a . Under such ctrc umst ances, tht' number ol 

lobes exceeds 8000. Consequently the null reclons at, aay, ran1e1 under lOO mllea, &J>J'C'Sr to 

be nonsi1nlflcant. However, farther out. and with re s pect to the lowest lobea, then dMa t'alat 

a definite threat. It is hoped to consider tht' effec t of rou1ht'r aea atatt'I on the pattern . 
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Fig. Vl-13 . Front panel view of 5-kw klystron amplifier (frequency range 390-4'0 Mc). 
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