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My 35 year 
career was 
in Radio 

Astronomy, 
not Radar.
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We look at 
radars with 
distain !!!
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WSMR Archive ID # 07.073.064-1

MAR-I Conceptual Drawing c.1962

A Short History of the MAR-I : Talk Overview

Å Introduction
Å Cold War Radar Systems

ï DEW Line
ï BMEWS
ï Nike Ajax & Hercules

Å Nike-Zeus
Å Nike-X

ï MAR Concept
ï Multifunction Phased-Arrays
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Å MAR-I at WSMR
ï Construction
ï Critical Components
ï Guided Tour
ï Signal Paths & Interior Electronics
ï Timeline
ï Decommissioning & Salvage

Å MAR-II, Safeguard & Soviet Don-2N 
Å What happened to the MAR site?
Å The Colgate Paramp

There are over 
600 slides in my 
άƭƛǾƛƴƎ ŘƻŎǳƳŜƴǘέ 

on the MAR-I.
¢ƻŘŀȅΩǎ ǘŀƭƪ 

contains about 
20% of them.
Hence, this is 
άa short historyέ
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One of the over 
2,000 MAR-I

Preamplifier Modules
which came to be 

known as 

άColgate Parampsέ

Photos courtesy 

Doyle Piland, 

WSMR Archive

The talk tonight will 
emphasize the 

story of the MAR-I, 
rather than its 

Paramps.

Å My initial interest in the MAR-I beganin 2009when I first heardthe story of how low-noise
parametricamplifiersfrom a military radarendedup beingusedby radio astronomers.

Å I then cameacrossseveralpicturesof this radar, the MAR-I, showingits triple white domes
from the outside,and the endlesslengthsof RFcableson the inside.

Å I soon becamefascinatedby the MAR-I itself andƛǘΩǎone-of-a-kind design. I have been
attempting to uncoverthe history of this largelyforgotten radareversince.

Å My journeyculminatedin a visit to the MARSite(now HELSTF)in Oct2016.
Å Overthe yearsI havepresenteda coupleof talksabout theά/ƻƭƎŀǘŜParampsέ.



The Cold War
~ 

[ƛǾƛƴƎ ǿƛǘƘ ά¢ƘŜ .ƻƳōέ 
During the 1950s & 1960s
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The Cold War Era & the Fear of the Bomb
ά/ŀǳƭƛŦƭƻǿŜǊ /ƭƻǳŘǎέ over New York

Bombs at Bikini ïThe Official Report of Operation Crossroads, W.A. Shurcliff , Wm. H. Wise & Co., Inc., New York 1947, Plate 32

άOperation Crossroadsέ ǿŀǎ ŀ ǎŜǊƛŜǎ ƻŦ !ǘƻƳƛŎ .ƻƳō ǘŜǎǘǎ ŎƻƴŘǳŎǘŜŘ ōȅ ǘƘŜ ¦Φ{Φ ŀǘ Bikini Atoll 
in July 1946 to investigate the effect of nuclear explosions on naval ships. 

It was the first detonation of a nuclear device since the bombing of Hiroshima and Nagasaki in August 1945. 

άCrossroadsέ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘǿƻ ŘŜǘƻƴŀǘƛƻƴǎΣ ŜŀŎƘ ǿƛǘƘ ŀ ȅƛŜƭŘ ƻŦ но ƪƛƭƻǘƻƴǎ ƻŦ ¢b¢Φ άAblŜέ ǿŀǎ ŘŜǘƻƴŀǘŜŘ 
ŀǘ ŀƴ ŀƭǘƛǘǳŘŜ ƻŦ рнл ŦŜŜǘ ƻƴ Wǳƭȅ мǎǘ ǿƘƛƭŜ άBakeǊέ ǿŀǎ ŘŜǘƻƴŀǘŜŘ фл ŦŜŜǘ ǳƴŘŜǊǿŀǘŜǊ ƻƴ Wǳƭȅ нрǘƘΦ 

Perhaps the first 
depiction of an 

atom bomb 
attack on 

New York City.

From the book
άBombs at Bikini 
ςThe Official 

Report of 
Operation 

Crossroadsέ 
released by the 
U.S. Military in 

1947.

Notice they use 
άCauliflowerέ 
rather than 
άMushroomέ 

Cloud .
tƭŀǘŜ онΥ άComposite photograph roughly comparing the Test B cauliflower cloud
ǿƛǘƘ bŜǿ ¸ƻǊƪ ǎƪȅǎŎǊŀǇŜǊǎΦ !ƴ ŜȄŀŎǘ ŎƻƳǇŀǊƛǎƻƴ ǿƻǳƭŘ ōŜ ŜǾŜƴ ƳƻǊŜ ŜȄǘǊŜƳŜΦέ 
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http://designresearchgroup.files.wordpr
ess.com/2007/08/nukebonestell.jpg

The Cold War Era & the Fear of the Bomb
άRocket Blitz From the Moonέ

/ƻƭƭƛŜǊΩǎMagazine
3 October1948 

The article was 
beautifully illustrated by 

famed space artist 
ChesleyBonestell

and includes perhaps his 
most dramatic painting 
ever, that of Manhattan

being blasted with 
3 Atomic Bombs.

Soon the A-Bombwould 
be replaced by the 

1000 times 
more powerful 

Hydrogen Bomb.
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Gallop Poll on Nuclear War
The Lewiston Daily Sun

11 July 1956

http://transact.seesaa.net/article/176842254.html
http://transact.up.d.seesaa.net/transact/image/Gallu

p1956all.png?d=a1

In 1956, 63% of 
Americans believed the 
H-Bomb would be used 

against them.
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The Distant Early Warning (DEW) Line : A Bibliography and Documentary Resource List, 
Prepared for the Arctic Institute of North America, P. W. Lackenbauer, M.J. Farish,  J.Arthur -Lackenbauer,  Oct 2005

http://pubs.aina.ucalgary.ca/aina/DEWLineBib.pdf

The U.S. implemented a 
layered network of search 

radars to provide early 
warning of any enemy 

nuclear attack. 

To detect enemy bombers 
coming over the pole, the 

USAF requested the Western 
Electric Company to build the 
Distant Early Warning Line. 

The DEW Line became 
operational in 1957. 

The DEW Line was a chain of 
57 manned radar stations 

that stretched from Alaska to 
Greenland about 250 km 
above the Arctic Circle. 

It provided up to 6 hours 
warning of a Soviet attack 
over the northern reaches. 

This would allow time for the 
Strategic Air Command (SAC) 

to arm its bombers & get 
them into the air to deliver a 

retaliatory nuclear strike. 

Continental Air Defense 
Systems c.1962ñThe Evil Empireò
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PINETREE LINE (1951-1991)

MID-CANADA LINE (1957-1965)

Radar
Picket 
Ships



SIOP c.1964
Single 

Integrated 
Operational 

Plan
Å SIOPwasthe United{ǘŀǘŜǎΩgeneralplan to wagea nuclearwar.
Å In 1963, the SAChad1/ 3rd of its bombers& aerial tankerson constantalert (922planes).

ï It alsohad426of its 631ICBMson alert in their silos.

Å Bomberson groundalert were requiredto take off from their airbasesin < 15minutes.
Å Planessat at the end of their runways,armed with nuclearweapons,and crewsstationed

nearbyreadytoάǎŎǊŀƳōƭŜέon a momentsnoticewhen a klaxonsoundedthe alarm.
Å Aspart of the "ChromeDome" air alert, at least12B-52swere continuouslyin the air.

ï Theywould survivea first strike & couldretaliate againsttargetsdeepwithin the SovietUnion.

Å In 1964, the National SecurityCouncilestimatedthat if the Sovietscarriedout a first strike,
some400 Sovietweaponsyielding about 2,500 megatonswould be used,resulting in the
deathsof about 93million Americans.

Å TheAmericancounterstrike with the forceson alert - consistingof 2,071 delivery vehicles
carrying3,976megatons- would result in 140million deathsin the SovietBloc.

Å Thiswas indeed the era of άDr. StangeloveέΣwhere the gruesomemath of World War III
wascalculatedin termsof megatonsandmegadeaths.

10
http://heroicrelics.org/info/b-47/b-47-jato/061024-F-1234S-011.jpg  &  http://av8r.yolasite.com/1969.php

From "15 Minutes - General Curtis LeMayand the Countdown to Nuclear Annihilation", L.D. Keeney, St. Martin's Press, 2011

B-47 B-52s 



Several Notable 
Cold War Defense Projects:
------------------------------------
Nike-Ajax & Nike-Hercules

Anti-Aircraft System
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Ring of Supersonic Steel 
The Nike-AjaxAnti-Aircraft Missile System

http://wikimapia.org/495091/W-64L-Nike-Missile-launch-area-site-Cold-War-Museum
http://lortonheritagesociety.org/docs/LortonHistory-NikeSite.pdf

The Lorton, VA, battery of 24 missiles in 1956. The group of 4 in the vertical position are in firing position.
In 1954, this base was one of the first Nike-Ajaxƛƴǎǘŀƭƭŀǘƛƻƴǎ ŀƴŘ ǿŀǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άNational Nike SiteέΦ 

Converted to Nike-Herculesmissiles in 1959, it operated until 1974 before being closed.

The U.S. Army rushed the radar controlled Nike-Ajax system into production between 1954 & 1958.  
The Nike-Ajaxanti-missile had a range of 25 miles & a top speed of nearly 1,500 mph.

Nike-Ajax was designed by the Bell Labs while the Western Electric was the primary contractor.  
A total of 265 Nike-Ajax missile batteries were deployed around key urban, military, and industrial locations.

The Chicago area was protected by 23 sites & more than 600 missiles. 
The San Francisco Bay area was protected  by 12 sites, and Washington by 13. Metropolitan New York was 

defended by a total of 19 batteries. 

12



Nike-HerculesAnti-Aircraft Missile System

http://nikemissile.org/ColdWar/whatwehave/

Nike-Herculesmissiles at the Sausalito SF-88 battery protecting the San Francisco Bay Area c.1959. 
The missiles are photogenicallyarrayed in various stages of elevation into firing position. 

The site operated 12 Nike-Herculesmissiles from 1958 to 1974.

As the Nike-Ajax was being deployed, the Army determined that it would be inadequate to stop a massed attack 
of high-speed Soviet jet bombers at high altitude. Thus a faster missile with a bigger payload was developed. 

The Nike-Herculeswas fitted with a nuclear warhead that offered yields of 2, 10, 20 or 30 kt. 

The Army deployed 145 Nike-Herculesbatteries, 110 of which were converted Nike-Ajax installations. 
This 2nd generation missile began to be deployed in 1958 and reached its peak in 1963. 

It had a range of about 100 miles and a top speed of 3,000 mph. 

13



The Five Radars of the Nike-Hercules System

http://nikemissile.org/nike_herc_46.jpg
http://en.wikipedia.org/wiki/File:Nike_Hercules_Integrated_Fire_Control_area.jpg

The large white dome housed the early warning High Power Acquisition Radar(HIPAR). 
At the lower center is the Low Power Acquisition Radar (LOPAR) originally built for Nike-Ajax. 
The Target Tracking Radar (TTR) and Target Range Radar(TRR) followed the enemy bomber. 

The Missile Tracking Radar (MTR) guides the missile to the interception point. 
During the 1950s, over 700 Nike-Ajax missiles were test launched from the White Sands Missile 

Range(WSMR), and more than 400 Nike-Herculesmissiles were from 1955-1967.

HIPAR

TTR

TRR

MTR

LOPAR

The Integrated Fire Control area contained the radars & computers for a Nike-Herculesbattery.
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Nike-Zeus
Anti-Ballistic Missile System

15



Ballistic Missile Defense
Shooting One Bullet Out of the Air with Another Bullet

ÅOne estimate of the total air defenseexpenditure over the
1945to 1961period (which includesthe DEWLine,BMEWS,
Nike, BOMARC,SAGE,etc.) was about $30 billion in then-
yeardollars(or about $300billion today).
ïThus the scale of the effort invested in early warning &

protecting the nation from invading aircraft was comparable
to the ProjectApollo.

ÅHowever, this Cold War threat was soon replaced by the
IntercontinentalBallisticMissile(ICBM).
ÅA warheadlaunchedagainstthe U.S. by an ICBMwasmuch

more difficult to detect than an enemybomber sinceit was
muchsmaller& would be travelling at nearly16,000mph.
ÅLaunchedfrom a Russiansilo some 5,000 miles away, the

total flight time to its target in the U.S. would be roughly30
minutes.
ÅIn the late 1950s & early 1960s the U.S. Army soon began

developmentof the Nike-ZeusAnti-BallisticMissile(ABM).
ïWhendeployed,it would only 4 minutesbetween the time the

enemy warhead was first detected and the firing of the Zeus
interceptor missile.
ïShould the intercept fail, a deadly mushroom cloud would

appearoveran Americancity.

Atomic Audit - The Costs & Consequences of US Nuclear Weapons Since 1940, Editor, S. Schuartz, Brookings Institution1 Press,  1998
http://en.wikipedia.org/wiki/File:Dnepr_rocket_lift -off_1.jpg

The Soviet SS-му άSatanέ ƛǎ 
the largest ICBM in history. 
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In 1956, the US Army initiated work on the Nike-ZeusABM to protect large urban areas. 
Western Electric was the prime contractor while Bell Labs was in charge of its overall design. 

The long-range Zeus Acquisition Radar (ZAR) would search for incoming ICBMs at distances of 
up to 1,500 miles and provide advance warning of which regions were under attack.

The ZAR was the biggest, most expensive, and most critical element of the Zeus ABM system.  

The incoming warheads were then tracked by the Discrimination Radar (DR)  and it would 
sort out which of the targets were warheads & which were decoys or debris. 

Once identified, Target Track Radars (TTRs) would lock on to the enemy warheads.
Nike-Zeusmissiles, carrying 400 Kiloton warheads, would be launched to intercept them. 
They were guided to their targets by the Missile Track Radars (MTRs) over a radio link. 

ABM Research &Development at Bell Laboratories ïProject History, Oct 1975, pg. 1-3 at http://www.alternatewars.com/WW3/WW3_Documents/ABM_Bell/ABM_Ch1.htm
A History Of Missile Defenseat  http://www.vectorsite.net/twabm_1.html#m1

The Nike-Zeus System
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http://ournutshelllife.blogspot.com/2009/03/kwajalein-quadulan-kwaj.html

http://en.wikipedia.org/wiki/Kwajalein_Atoll

Google Earth

Kwajalein Atoll
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Nike-Zeus on 
Kwajalein

The second Nike-Zeusprototype 
was constructed on 

Kwajalein Island in the middle
of the Pacific Ocean.

The huge ZAR Transmitterand 
Receivercan be seen to the left of 
the runway towards the top end. 

The Discrimination Radar (DR), 
inside its double layered clutter 

fence, is at the lower center, with 
the smaller Target & Missile Track 
Radars (TTR & MTR) to its right. 

The Kwajalein ZAR received its first 
radar signal returns from an ICBM 

test firing in January 1962. 

http://www.williamson-labs.com/kwaja.htm

Rx

Tx

DR

ZAR
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Zeus Acquisition Radar (ZAR) - Kwajalein, c.1962

http://www.freerepublic.com/focus/f-news/1561713/posts

The ZAR Transmitter (Tx) was enclosed by a 90-ft high, 660-ft wide Beam Forming Fence to 
ǊŜŘǳŎŜ ǊŀŘŀǊ άclutterέ ǊŜǘǳǊƴǎΣ ŀƴŘ ǘƻ ǇǊƻǘŜŎǘ ǎǘŀŦŦ ŦǊƻƳ ǘƘŜ ƘƛƎƘ-power megawatt emissions. 

The triangular Txhad 3 x 80-ft long antennas which co-rotated with the ZAR Rx.

The ZAR Receiver 
consisted of a rotating 

hemispherical 
80-ft diameter 
Luneburg Lens 

inside a 120-ft radome
with a 600-ft wide 

ground plane. 

Tx

Rx

20

The ZAR swept the sky 
with 3 radar beams 

spaced in azimuth by 
120 degrees apart, 
covering the entire  

sky every 6 seconds.



The ZAR Transmitting Antenna

¢ƘŜ ½!w ¢ǊŀƴǎƳƛǘǘŜǊ ŎƻƴǎƛǎǘŜŘ ƻŦ о άpillboxέ ŀƴǘŜƴƴŀǎΦ 
¢ƘŜ о5 ƳƻŘŜƭ ŀǘ ǘƘŜ ǳǇǇŜǊ ƭŜŦǘ ǎƘƻǿǎ ǿƘȅ ƛǘ ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άcheeseέ ŀƴǘŜƴƴŀΦ 

Since this type of antenna aperture is much longer than it is high, it has a very narrow beam in azimuth while the 
beam in elevation is considerably broader, as shown in the graph of a representative pillbox beam profile. 
Each ZAR pillbox was 80-ft long by 2.5-ft high with a beamwidthof 0.9º in azimuth and 70º in elevation. 

The Transmitter had a peak output power of 10 MW. 
With 3 tightly packed pillboxes, the ZAR Transmitter radiated 3 beams separated in azimuth by 120 degrees. 

http://www.patternmagus.com/database/patterns/pattern_page.php?dir=19
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The Spherical 
Luneburg Lens

Thus it is possible for multiple signals to be received simply by placing more receivers on the 
ǎǇƘŜǊŜΩǎ ǇŜǊƛǇƘŜǊȅΦ

The ZAR exploited this concept with 3 stacks of 77 receivers, for a total of 231 receivers. 
¦ǎŜŘ ƛƴ ŀ ǊŀŘŀǊΣ ŀƴ ŀǊǊŀȅ ƻŦ ǾŜǊǘƛŎŀƭƭȅ ǎǘŀŎƪŜŘ ǊŜŎŜƛǾŜǊǎ Ŏŀƴ ŘŜǘŜǊƳƛƴŜ ŀ ǘŀǊƎŜǘΩǎ Ǉƻǎƛǘƛƻƴ ƛƴ 

both elevation (depending on which horn in the vertical fan beam sees the echo) and in 
azimuth (by rotating the antenna). 

Introduction to Radar Systems, M. Skolnik, McGraw-Hill 1963 22

The Luneburg Lens has the 
property that a plane wave will 

be focused at a point on the 
opposite side the sphere. 

The basic principle of the 
άvariable dielectric spherical 
lensέ ƛǎ ŎǊŜŘƛǘŜŘ ǘƻ wǳŘƻƭŦ 

Luneburg in 1944. 
Ideally, the dielectric constant 

of the lens material must 
increase from 1 at its surface to 

2 at its center.



ZAR Beam Patterns

#77

#1

Elevation

Azimuth

The ZAR Receiver

One of three sets a stacked 

beams separated in 

azimuth by 120º.

Each vertical stack has 

77 pencil beams.

Beamwidth:

Az = 0.9º

El = 0.9º 

The ZAR Transmitter

One of three fan beams 

separated in 

azimuth by 120º.

Beamwidth:

Az = 0.9º

El = 70º

70º

0º

Tx Rx

Beam Profile 

Face-on

Since the Rx antenna was slaved to the 3ӎ rpm rotation 
of the Tx antenna, it swept the sky with essentially full 

hemispherical coverage once every 6 seconds. 
The rotations of the 2 antennas were so precisely matched, 
positions could be measured to 0.004º in Az & 0.008º in El.

ABM Research &Development at Bell Laboratories ïProject History, Oct 1975, pg. I-8 & 1-8 23



Incoming signals are reflected by 
the ground plane & focused by 
the dielectric lens to horns on 
the opposite side of the lens. 

The horns look down, rather than 
up. This scheme eliminated the 
bottom half of the lens, thus 

reducing the amount of costly 
dielectric material needed.

Cutaway view of the ZAR Rx  
antenna built showing the 

reflecting ground plane, and 
one of the three horn trusses. 

There were 77 vertically stacked 
horns mounted on 3 trusses 
spaced 120º apart producing 
231 pencil beams on the sky. 

Each beam had a system noise 
temperature of about 720ÁK. 

The profile view of the entire 
ZAR Receiver antenna 

showing  the 120-ft white 
radomeenclosing the 80-ft 

hemispherical Luneburg Lens, 
as well as the 600-ft diameter 

elevated reflecting ground plan. 

The Hemispherical 
Luneburg 
Lens at
Kwajalein
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The Kwajalein
ZAR Receiver

Nike Zeus, Flight International, Aug 2, 1962, pg 169

The lens consisted of 34,484
expanded-beam polystyrene foam 
ōƭƻŎƪǎΣ ƳƻƭŘŜŘ ƛƴǘƻ муέȄмуέȄмуέ 
cubes, weighing 2,800,000 lbs. 

Each block was impregnated with a 
ǇǊŜŎƛǎŜƭȅ ŎƻƴǘǊƻƭƭŜŘ ŀƳƻǳƴǘ ƻŦ  оκуέ 
long randomly oriented aluminum 
slivers. Varying the concentration  

allowed the dielectric constant of the 
foam lens to be changed from unity 

at the surface to 2 at its center. 

25

Nike-ZeusSummary:
Å Thefirst successfulinterception of an ICBMlaunchedfrom Californiaoccurredin Dec1962.

TheZeusmissilecamewithin 600ft of the Atlasnoseconeςan acceptableάƳƛǎǎŘƛǎǘŀƴŎŜέ.
ï Therewere 13 live-intercept tests- 9 were successful,3 were partially successful.

Å DeployingNike-Zeuswould havecost$10 to $15billion ($80Bto $120Btoday).
Å In January1963, the high projected cost, among other concerns,led to the decisionby

Secretaryof Defense,RobertMcNamara,to cancelthe Nike-Zeusproject.
Å However, the ZARis still considereda high-performance radar with an unprecedented

searchcapability. Assummarizedin the project historyάABMR&Dat BellLaboratoriesέΧ
ïάthe ZAR represented the most efficient wired-logic system for detectionΧever

developed. Its stacked-array receiverson three rotating armsalsoprovided the highest
data rateΧyet achieved,and is not matchedevenby today'sphased-arraysystems.έ



The Nike-· άa!w-Lέ
Multifunction Array Radar

at the White Sands Missile Range
---------------------------------------------

Introduction
&

How was this radar so different 
from earlier long-range radars?
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Nike-Zeus vs. Nike-X ABM Concepts
Late 1950s ς9ŀǊƭȅ мфслΩǎ9ŀǊƭȅ ǘƻ aƛŘ мфслΩǎ

From Army Prepares Sprint Pop-up Flight, Missiles and Rockets, May 17, 1965
http://www.smdc.army.mil/2008/Historical/Book/Chap2.pdf

ZAR = Zeus Acquisition Radar
DR    = Discrimination Radar
TTR = Target Track Radar
MTR = Missile Track Radar

Nike-Zeus 

MAR = Multifunction Array Radar
MSR = Missile Site Radar

The less capable MSR would augment 
the more powerful & costly MAR.

Nike-X 

After Nike-Zeuswas cancelled in January 1963, work began 
on a greatly improved system, called Nike-X, that utilized an 
electronically-steered radar that could replace all 4 of the 

mechanically-steered radar systems used in Nike-Zeus. 

It would be able to track many more targets and it would be 
able to withstand the blast of a nuclear explosion.

27

Tests of the Nike-Zeussystem had shown that it would have been impractical for it to track 
a large number of separate targets because of its mechanically steered radars. 

If the USSR launched enough ICBMs, their simultaneous arrival would saturate the system. 



The Nike-XAnti-Ballistic Missile (ABM) 
Defense Concept of the Mid 1960s

From the Spokesman-Review Newspaper, Spokane, WA ï7 Jan 1967

The long-range Zeus(later Spartan) missile 
had a range of over 700 km & carried 

a W-71 thermonuclear weapon 
with a 5 megaton yield. 

The incoming warhead was destroyed 
with radiation, rather than from the 

effects of heat or blast.

MAR 

Search, Discriminate & Track 

L-Band Radar

MSR

Missile Guidance 

S-Band Radar
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The terminal defense Sprintmissile  had a 
range of 40 km and was armed with a W-66 

enhanced radiation nuclear warhead 
with a yield of a few kilotons.

Lǘ ŀŎŎŜƭŜǊŀǘŜŘ ŀǘ ƻǾŜǊ млл DΩǎΣ ǊŜŀŎƘƛƴƎ ŀ ǎǇŜŜŘ 
of Mach 10 in 5 seconds, and was the fastest 
accelerating man-made object ever made. 

άbƛƪŜέwas the Greek Goddess of Victory.



Most of the
195 x 155 ft
structure is 

underground
and extends 
42 ft below 

surface grade.

It had 2 floors 
underground 
and 2 floors in 

each of the 
domes for a 
total interior 
floor space of 
90,000 sq ft.

The large dome 
was 120 ft in 

diameter 
and 45 ft high. 

The Multifunction Array Radar (MAR-I) at WSMR
This novel radar was a test-bed for evaluating the electronically steered radar 

developed for the US Army's Nike-X Anti-Ballistic Missile (ABM) defense program 
and was the first "hardened" phased-array ever built. 

- Western Electric Company (WECo) was the prime contractor. 
- Bell Telephone Laboratories (BTL) was responsible for the overall system design. 
- Sylvania Electronic Systems East (SES-East) was the subcontractor responsible for

the detailed design and fabrication of the facility. 

29WSMR Archive ID # 97.180-.96-7

Built at the 
White Sands 

Missile Range
with an 

extraordinary
15 month

construction 
schedule:

Groundbreaking
15 March 1963
Powered Up
15 June 1964



Where was the MAR-I Site at WSMR? 

GoogleEarth 30



Ground Reflection Fence

Cargo Elevator

R-1 Rx Array

T-1 Tx Dome & Array

Clutter Fence

Runway

T-2 Tx Dome (Blank)

R-2 Rx Array (Blank)

Access Doors  

Offices Hanger 

Power Station

Test Aircraft Radar

Cooling Tower

Instrumentation Radar 

WSMR Archive ID # 97.180.196-6

Water Tank
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Lighting Mast
200-ft

MAR- I 1964



MAR-I : 4 Aerial Close Ups ς17 Aug 1964

Clockwise : WSMR Archive ID # 97.180.196-3, -4, -5 & -6 32



MAR-I from Beaver Aircraft used 
in Pattern Measurement Tests - Late 1964

Image from the collection at the USASMDC/ARSTRAT Historical Office, Redstone Arsenal 33



Quotes about the MAR-I in the Media

άIgloo-Shaped Structures Hide Advanced Antimissile Systemέ 

- From : The Christian Science Monitor, Boston, MA, Dec 15, 1964

ά!ǘ ǘƘŜ ƘŜŀǊǘ ƻŦ ǘƘŜ bƛƪŜ-X antimissile system is a huge steel-and-concrete device called MAR. 
A briefing officer showed us a picture of it and remarked that archeologists of the future, 

finding MAR there in the desert, might think it a monument something like the Egyptian Sphinx.έ

- From : On the Political Front, The Reading Eagle, Reading, PA, May 28, 1965

άAnother impressive capability of MAR is that only the operator's chair will have to be oiled. 
Nothing else moves.Because MAR has no moving antenna, there is no friction to overcome 

or inertia to keep it from changing direction and speed instantly. 
In fact, MAR will be capable of operating so quickly that it will appear to look in every direction at onceΦά

- From : Army Research and Development Newsmagazine, Aug 1964(Vol. 5, No. 8, p.23)

34WSMR Archive ID # 12.007.783



Electronically Steered Phased-Array Radar

https://en.wikipedia.org/wiki/Passive_electronically_scanned_array#/media/File:Phased_array_animation_with_arrow_10frames_371x400px_100ms.gif

http://www.fotoimage.org/beam-steering-phased-array/             http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595 35

A phased-array is made up of a number of broad beamwidth antenna elements. Its radiation 
pattern is determined by adjusting the time at which the signal emerges from each element. 

By inserting a delay which increases  incrementally 
from element to element, the resulting
beam  will be shifted away 
from the boresight. 

For a 2-dimensional array, 
the beam can be steered 
vertically  and 
horizontally. 

In a Corporate-Fed Array, like the 
MAR-I, the transmission lines 

connecting the elements to the 
beamformerare all of equal length.

The only time delays needed to steer 
the beam are the relative delays 

across the aperture face.



Electronically Steered Phased-Array Radar

https://en.wikipedia.org/wiki/Passive_electronically_scanned_array#/media/File:Phased_array_animation_with_arrow_10frames_371x400px_100ms.gif

http://www.fotoimage.org/beam-steering-phased-array/             http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595 36

A phased-array is made up of a number of broad beamwidth antenna elements. Its radiation 
pattern is determined by adjusting the time at which the signal emerges from each element. 

By inserting a delay which increases  incrementally 
from element to element, the resulting
beam  will be shifted away 
from the boresight. 

For a 2-dimensional array, 
the beam can be steered 
vertically  and 
horizontally. 

RX

According to the 
antenna reciprocal theorem, 

the phased-array concept 
will also work equally well 

as a receiver. 

The more elements, the 
wider the aperture, and
the narrower the beam.

In a Corporate-Fed Array, like the 
MAR-I, the transmission lines 

connecting the elements to the 
beamformerare all of equal length.

The only time delays needed to steer 
the beam are the relative delays 

across the aperture face.



Electronically Steered Phased-Array Radar

https://en.wikipedia.org/wiki/Passive_electronically_scanned_array#/media/File:Phased_array_animation_with_arrow_10frames_371x400px_100ms.gif

http://www.fotoimage.org/beam-steering-phased-array/             http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595 37

A phased-array is made up of a number of broad beamwidth antenna elements. Its radiation 
pattern is determined by adjusting the time at which the signal emerges from each element. 

By inserting a delay which increases  incrementally 
from element to element, the resulting
beam  will be shifted away 
from the boresight. 

For a 2-dimensional array, 
the beam can be steered 
vertically  and 
horizontally. 

RX

According to the 
antenna reciprocal theorem, 

the phased-array concept 
will also work equally well 

as a receiver. 

The more elements, the 
wider the aperture, and
the narrower the beam.

Dropping elements at the 
edge, decreases the aperture 

and widens the beam.

In a Corporate-Fed Array, like the 
MAR-I, the transmission lines 

connecting the elements to the 
beamformerare all of equal length.

The only time delays needed to steer 
the beam are the relative delays 

across the aperture face.



MAR-LΩǎ {ŜŀǊŎƘΣ 5ƛǎŎǊƛƳƛƴŀǘŜ ϧ ¢ǊŀŎƪ .ŜŀƳǎ 

Antenna Elements

Preamps

Functional
Dividers

Time Delays

Beam Formers

◖S ◖T◖D◖S ◖T◖D ◖S ◖T◖D

Ɇ_S Ɇ_TɆ_D

Search

Discriminate Track

Discriminate Search Track

. . . .. . . .

. . . .. . . .

. . . . . . . .

. . . .. . . .

. . . . . . . .

. . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . .

The amplified signal from 
each Antenna Element  

went through the 
Functional Divider where it 
was split into the Search, 
Discriminate and Track

channels. 
The appropriate time-

delays  were then applied 
to simultaneously steer the 

multiple beams 
independently.CƻƭƭƻǿƛƴƎ о ƻŦ ƳŀƴȅΧ
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MAR-I Ground Level Views
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MAR-I from the Front - c.1965

WSMR Archive ID # 97.180.205-1 40



MAR-I Transmitter Face ς21 Dec 1965

Courtesy Bob Gamboa, who worked for WECo at the MAR-I in the Public Relations department  41

Diameter:
~15 ft

Numberof 
Antenna

Elements: 
Active = 805 
Passive = 108
Total = 913

The peak output 
power from the 
Transmitter was 
in the megawatt 

range. 

Its large steel 
antenna support 

structure 
weighed 
30 tons.



MAR-I Receiver Array Face - Dec 1965 

WSMR Archive ID # 97.180.205-3 42

Diameter
~25 ft

Numberof 
Antenna

Elements: 
Active = 2077 
Passive = 168 
Total  = 2245 

Antenna 
Element

Field of View 
> 90Á

Phased-Array 
Beamwidth

~1.8Á

¢ƘŜ ŀǊǊŀȅΩǎ 
large steel 

antenna support 
structure 

weighed 92 tons.
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MAR-I Style Planar Array

ɓn

Ŭm

Antenna Element

Preamp

Beta (Elev) Delay Steering

Alpha (Az) Delay Steering

Combiner

The MAR-I Transmit & Receive arrays 
used a 2D Triangular grid. 

It is more efficient for suppressing side 
lobes than a Rectangulargrid & requires 
16% less elements for a given aperture.

(Radar Handbook, M.S. Skolnik, 1970)

A 23 element Triangular grid 
Receiver Array example is shown. 

There are 4 or 5 Elevation (Beta) delay
units for each antenna in a column, 

and 5 Azimuth (Alpha) time delay units in 
a single row required to steer the beam, 
for a total 28 delay units (i.e., not 46).

Each of the MAR-LΩǎ wŜŎŜƛǾŜǊ ōŜŀƳǎ 
have a total of 2077 Beta delay units 

and 55 Alpha delay units.  

Rx Return

Ŭ1 Ŭ2 Ŭ3 Ŭ4 Ŭ5
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ɓ7

ɓ9

ɓ1
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The MAR-I Construction Album
There were 285 photographs collected in a 3-ring binder showing the 

construction of the site that were donated to the WSMR Archive 
ōȅ ǘƘŜ ǿƛŘƻǿ ƻŦ DŜƻǊƎŜ {ƘŀǊǇŜΣ .¢[Ωǎ ǎŜŎƻƴŘ-in-command 

at WSMR during the MAR-I project.

IŜǊŜ ŀǊŜ ŀ ŦŜǿ ƻŦ ǘƘŜƳΧ

WSMR Archive ID # 03.013.001 
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MAR-I Construction ς25 Mar 1963

WSMR Archive ID # 03.013.001-001 45


