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A Short History of the MAR: Talk Overwew
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Introduction

Cold War Radar Systems
t DEW Line
 BMEWS
I Nike Ajax & Hercules
Nike-Zeus
Nike-X
T MAR Concept

I Multifunction PhasedArrays

MAR Conceptual DraW|ng|c 1962

A MARI at WSMR There are over
i Construction 600 slides in my
i Critical Components Gt A GA Y 3
I Guided Tour
I Signal Paths & Interior Electronics on thev MA\BI' .
i Timeline ¢2 _R e Qa
i Decommissioning & Salvage contains about

A MARII, Safeguard & Soviet DeAN 20% of them.
A What happened to the MAR site? Hence, this is
A The Colgatearamp Ga short histong,



Oneof the over — T
2,000 MARI - o,s

Preamplifier Modules B Wi !*, 3 peegecciisid
which came to be i/ T
known as

oColgateParampg

My initial interestin the MAR-| beganin 2009when [ first heardthe story of how low-noise
parametricamplifiersfrom a military radarendedup beingusedby radio astronomers

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

A

A

A | soon becamefascinated by the MAR itself and A {io@&iof-a-kind design | have been
attempting to uncoverthe history of this largelyforgotten radar eversince

A

My journey culminatedin avisit to the MAR Site (now HELSTHi) Oct2016
Overthe yearsl havepresenteda coupleof talksaboutthea / 2 f Earanmp&

The talk tonight will
emphasize the
story of the MARI,
rather than its
Paramps

Photos courtesy
Doyle Piland,
WSMR Archive
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The Cold War Era & the Fear of the Bomb
a/ | dz )\Tf 2ofes NeWw Ndrk2 dzR & ¢

Perhaps the first
depiction of an
atom bomb
attack on
New York City.

From the book
oBombs at Bikini
¢ The Official
Report of
Operation
Crossroads
released by the
U.S. Military in
1947.

_L&@ Notice they use
ué R éCauliflowel
e ‘ | rather than
t f I ¥ S:ompaslt’e plootograph roughly comparing the Testajllflower cloud véd\/lushroorré
GAOUK bSg 2N)] a1eaONILISNBR® 'y SEIFOG O2 biddNX a
GOperation Crossroads ¢l & I aSNASa 2F ! 12YAO .BkiMawoliSaida

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.

6Crossroads O2y aAaidSR 2F (g2 RSuzvaAu)\Z;/a/XbIS%I@Kaz)RlSFQEI)
FaG Fy FEOGAGdZRS 2F Bakehk T86a4 RPIUWYzZ é SRabnoKESS dz

Bombs at Bikinii The Official Report of Operation Crossroadg/.A. Shurcliff, Wm. H. Wise & Co., Inc., New York 1947, Plate 32 ¢
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The Cold War Era & the Fear of the Bomck

oRocket Blltz From the Mo®én

| 2t t Magakide a
3 October1948

The article was
beautifully illustrated by
famed space artist
ChesleyBonestell
and includes perhaps his
most dramatic painting
ever, that ofManhattan
being blasted with
3 Atomic Bombs

Soon theA-Bombwould
be replaced by the
1000 times
more powerful
Hydrogen Bomb

http://designresearchgroup.files.wordpr
ess.com/2007/08/nukebonestell.jpg;



INE__MONDAY MORNING
GALLUP POLL

PUBLIC HAS NO
DELUSIONS ON

Ry GFORGE GALLTUP
Director, Amerienn Iistitute of
Publiec Opinlon

(First in & serfes of two reports
by the Gallup Poll dealing with
the public's appraisal of the de-
structiveness of the H-Bomb and
thelr fear of another world war
during their lifetime.)

PRINCETON, N. J., July 14—
The question that Is raised over
and over again is whether the
American public has realistically
appraised the horror of modern
nuclear warfare. '

The answer, jndging by the lat-
est Institute poll resulls, is an
emphatic YES,

Take, for example, these start-
ling survey statistics:

39,000,000 Americansg today be-
lieve that thelr familles WOULD
NOT likely survive an atomic war
on this continent,

A larger number — some 44 -
000,000 Americans—think that the
area where they now live would
be wiperd out,

Two out of every ihree adults
think that New York City would
be the Number One targel of an
enemy H-Bomb atiack. About one
in every three includes the na-
tion's capital, Washington, D. C.,
on the list of ecities that would
be hit first.

Finally, nearly two out of every
three adults or approximately
64.000,000 — think that the H--
Bomb will be used against us il
there should be another world
war.

To determine just how realistic-
ally the public has appraised the
H-Bomb's destructive potential,
Institute Interviewers put a bate

A NUCLEAR WAR

TY 16, 1956
THE TIMID
39 Million Feel Their
Families Would Not
Survive It

N. Y. PRIME TARGET

tery of questions to a representa-
tive sample of adults, scientifical-
1y selected from all walks of life
to provide an accurate cross-sec-
tion of U. S. opinion. The first:

41, If there should be another
world war, do you think the Hy-

p—

317"

drogen Bomb will be used against |

WILI, H-BOMB BE USED
AGAINST AMERICA?
Yes, will be
No, will not
Not sure, no opinion
aseq on an  estma =T
clvilian adult population today of
102.000,000 — 49,000,000 men and
53,000,000 women—the above fig-
ures translate into approximate-
ly 64.000,000 adults who believe
that the H-bomb will be used
against this country. Of this total,
31,000,000 are men and 33,000,-
000,000 are women,
Interviewers then asked:
w9, If there should be another
world war and Hydrogen Bombs
are used. what cities in the United
States do you think would be hit
first?"”
Here are the replies:
New York City
Washington, D. C.

1%
20

67%

a2

Chicago 24
Detroit 20
san Francisco 20
I.os Angeles 15
Pittsburgh 9
Seattle 5
Philadelphla 4
Other cities 45
No opinion 8

247%

Multiple answers were fre-

quent, hence the table adds to

more than 100 per cent.

83% | out, compared to 30 per cent o

Gallop Poll on Nuclear We

The Lewiston Daily Sun
11 July 1956

“3 Do you think the area
where you live would be wiped
out?”

WOULD AREA WHERFE YOU

LIVE BE WIPED OUTI?

Yes, would be 43

No, would not 38

Not sure, no opinion 19

Forty-six percent of women
said their area would be wiped

ithe men,

Among residents of the nation's

largest cities—those with popula-
tions of 500,000 and over—almost
two out of every three (63 per
cent) express the belief today
that their area would be wiped
out, ’
On the other hand, only one
person in four (25 per cent) living
in towns and cities under 50,000
population take this view. Most
farm residents think they have
little to be worried about on this
score,

The last question:

i"4, Do you think you and your
family would be likely to live
‘through an atomic war?”
WOULD YOUR FAMILY LIKE-

1LY SURVIVE AN ATOMIC

WAR?

No, would not 8R%
Yes, would 20
Not sure, no oplnion a3

Thirty-seven per cent of the
men sald their familles would be
doomed, compared to 40 per cent
of the womer.

An Institute survey in March
of last year found on overwhelm-
ing majority of 80 per cent of the
American public believing that, it
another war comes, it will he
fought in a way quite difterent

% |ly, requiring greatel

f|las a war

from anything that man has
known so far

Their picture of the next war
was one in which thermo-nuclear
weapons would be used extensive-
use of the
nation's Alr Force; as a war more
disastrous than any we have ever
known, with mass destruction of
oities and bombing of clvilians:
that would likely be
fought on American soll, and as A
war that wouldn't last long.

Five years #4go, an Institute
survey found that, in case of an
all-out war with Russia. two out
of every three Americans, or 66
per cent, would not be at all
squeamish about using the Atom
Bomb first, without waiting for it
to be used on us Ninetecen per
cent said it should be used only
if Russia used it on us, while 15
per cent expres ed no opinton.

The greatest ditference found in
the survey was between men and
women——72 per cent of the men
favored eur dropping the buinb

first, in case. of an all-out war,
compared to 61 per cent of the
women.

Cops right, 1986, American
lanuuiyid Fublle Uplusea

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

against them.

http://transact.seesaa.net/article/176842254.html
http://transact.up.d.seesaa.net/transact/image)GaIIu
p1956all.png?d=al
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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

Continental Air Defens
Systems ¢.1962

The U.S. implemented a
layered network ofsearch
radarsto provide early
warning of any enemy
nuclear attack.

To detect enemy bombers
coming over the pole, the
USAF requested th@/estern
Electric Companto build the
Distant Early Warnind.ine.
The DEW Line became

operational in 1957.

The DEW Line was a chain ¢
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.
9



Slngle
Integrated
Operationa
Plan

SIORwasthe United{ (i I geSeiafplanto wageanuclearwar.

In 1963 the SAChad 1/ 39 of its bombers& aerial tankerson constantalert (922 planes)
I Italsohad4260of its 6311CBMson alert in their silos.

Bomberson groundalert were requiredto take off from their airbasesn <15 minutes.

Planessat at the end of their runways,armed with nuclearweapons,and crewsstationed
nearbyreadyto & & O NJ ah@ mdnentsnotice when a klaxonsoundedthe alarm.
Aspart of the "ChromeDome" air alert, at least 12 B-52s were continuouslyin the air.

I Theywould surviveafirst strike & couldretaliate againsttargetsdeepwithin the SovietUnion.
In 1964 the National SecurityCouncilestimatedthat if the Sovietscarriedout a first strike,
some 400 Sovietweaponsyielding about 2,500 megatonswould be used, resulting in the
deathsof about 93 million Americans

The Americancounterstrike with the forceson alert - consistingof 2,071 delivery vehicles
carrying3,976 megatons- would resultin 140million deathsin the SovietBloc

Thiswas indeed the era of oDr. Stangelové Where the gruesomemath of World War Il
was calculatedin terms of megatonsand megadeaths

http://heroicrelics.org/info/b-47/b-47-jato/061024F-1234S011.jpg & http://av8r.yolasite.com/1969.php
From "15 Minutes - General CurtisLeMay and the Countdown to Nuclear Annihilation"..D. Keeney, St. Martin's Press, 2011 10



Several Notable
Cold War Defense Projects:

Nike-Ajax & NikeHercules
Anti-Aircraft System




Ring of Supersonic Steel
TheNike-AjaxAnti-Aircraft Missile System

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

Nike-Ajax was designed by th&ell Labsvhile the Western Electriavas the primary contractor.
A total of 265Nike-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 v
defended by a total of 19 batteries.

The Lorton, VA, battery of 24 missiles in 1956. The group of 4 in the vertical position are in firing positior
In 1954, this base was one of the filsike-AjaxA yaul £ £ [ GA 2y a | YW&iondl Ni&e Sieyd2 ¢
Converted toNike-Herculegamissiles in 1959, it operated until 1974 before being closed.

http://wikimapia.org/495091/W-64L-Nike-Missile-launch-area-site-Cold-War -Museum
http://lortonheritagesociety.org/docs/LortonHistory-NikeSite. pdf 12




Nike-HerculedAnti-Aircraft Missile System

As theNike-Ajax was being deployed, the Army determined that it would be inadequate to stop a massed att:
of high-speed Soviet jet bombers at high altitude. Thus a faster missile with a bigger payload was develop
TheNike-Herculeswas fitted with a nuclear warhead that offered yields of 2, 10, 20 or 30 k.

The Army deployed 145like-Herculesbatteries, 110 of which were convertedNike-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.

Nike-Herculesmissiles at the Sausalito S}B battery protecting the San Franmsco Bay Area c.19¢
The missiles arphotogenicallyarrayed in various stages of elevation into firing position.
The site operated 1Aike-Herculegmissiles from 1958 to 1974.

http://nikemissile.org/ColdWar/whatwehave/ 13



The Five Radars of the Nikercules System

Thelntegrated Fire Controarea contained the radars & computers forl‘dikeHercuIesbattery

The large white dome housed the early warnnhggh Power Ach|S|t|on Rad&HIPAR)

At the lower center is thd.ow Power Acquisition RaddLOPAR) originally built fadike-Ajax.
TheTarget Tracking Rada(TTR) andarget Range RadaTRR) followed the enemy bomber.
TheMissile Tracking RadaiMTR) guides the missile to the interception point.

During the 1950s, over 70Rike-Ajax missiles were test launched from th@/hite Sands Missile
Range(WSI\/IR) and more thad00 NikeHerculegmissiles were from 1958967.

http://nikemissile.org/nike_herc_46.jpg
http://en.wikipedia.org/wiki/File:Nike_Hercules_Integrated_Fire_Control_area.jpg 14



Nike-Zeus
Anti-Ballistic Missile System




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

AOne estimate of the total air defenseexpenditure over the
1945to 1961 period (whichincludesthe DEWLine,BMEWS
Nike, BOMARCSAGE-gtc.) was about $30 billion in then-
yeardollars(or about $300billion today).

I Thus the scale of the effort invested in early warning &
protecting the nation from invading aircraft was comparable
to the ProjectApollo.

AHowever, this Cold War threat was soon replaced by the
Intercontinental BallisticMissile (ICBM)

AA warheadlaunchedagainstthe U.S by an ICBMwas much
more difficult to detect than an enemybomber sinceit was
muchsmaller& would be travelling at nearly 16,000mph.

ALaunchedfrom a Russiansilo some 5,000 miles away, the
total flight time to its target in the U.S would be roughly 30
minutes.

Aln the late 19505 & early 1960s the U.S Army soon began
developmentof the Nike-ZeusAnti-BallisticMissile(ABM). |
I Whendeployed,it would only 4 minutes betweenthe time the

enemy warhead was first detected and the firing of the Zeus
Interceptor missile

i Should the intercept fail, a deadly mushroom cloud would (1€ SOViet 58 y Safare
appearover an Americancity. g y.

Atomic Audit- The Costs & Consequences of US Nuclear Weapons Since Bdifiyr, S. Schuartz, Brookings Institutionl Press, 1998
http://en.wikipedia.org/wiki/File:Dnepr_rocket_lift -off_1.jpg 16




TheNike-ZeusSystem
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In 1956, the US Army initiated work on theike-ZeUusABM to protect large urban areas.
Western Electriavas the prime contractor whiléBell Labsvas in charge of its overall design.

The longrangeZeus Acquisition Rad4ZAR) would search for incoming ICBMs at distances
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 sy

The incoming warheads were then tracked by tBescrimination Rada{DR) and it would
sort out which of the targets were warheads & which were decoys or debris.

Once identified,Target Track Radar§T TRs) 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 thilissile Track Radar@8VTRs) over a radio link.

ABM Research &Development at Bell LaboratoriédProject History, Oct 1975, pg. 13 at http://www.alternatewars.com/WW3/WW3_Documents/ABM_Bell/ABM_Ch1.htm
A History Of Missile Defensat http://www.vectorsite.net/twabm_1.html#m1 17
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Nike-Zeus on
Kwajalein

The secondNike-Zeusprototype
was constructed on
Kwajalein Island in the middle

of the Pacific Ocean

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

TheDiscrimination Rada(DR),

Inside its double layered clutter
fence, is at the lower center, with
the smallerTarget & Missile Track

Radars TTR & MTR) to its right. [§&& \‘ 3

The Kwajalein ZAR received its fir: ‘\’«\
radar signal returns from an |CBM#Es "‘"“S}’of"- .
test firing in January 1962. R

.
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http://www.williamson -labs.com/kwaja.htm 19



Zeus Acquisition Radar (ZAFR()NaJaIem cV196

TheZAR Receiver §
consisted of a rotating
hemispherical
80-ft diameter
Luneburg Lens
inside a 126ft radome =
with a 600ft wide |
ground plane.

The ZAR swept the sk
with 3 r_adar beams

120 degrees apart,
covering the entire
sky every 6 seconds.

The ZARransmitter (TXY) was enclosed by a 9ﬁ) hlgh 660t Wlde Beam Formlng Fende

NBE RdzOScluddréR IFNNB indzNy a8~ | yR (2 LadlRrinedadwatt éniskigh.
The triangularTxhad 3 x 86ft long antennas which caotated with the ZAR Rx.
http://www.freerepublic.com/focus/f-news/1561713/posts 20



The ZAR Transmitting Antenna

Azimuth

Elevation

---Elevation
---Azimuth

Normalized Gain

290 +90

0
Angle

R ¢KS %!w CNIYaYAhplb&N OFYAKEIIS®R 2F o0 ¢
¢KS 05 Y2RSf & GKS dzLJLISNI f ST cheeadk 210\80 KB &

Since this type of antenna aperture is much longer than it is high, it has a very narrow beam in azimuth whil
beam in elevation is considerably broader, as shown in the graph of a representative pillbox beam profile
Each ZAR pillbox was 80long by 2.5ft high with abeamwidth of 0.9° in azimuth and 70° 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 degre
http://www.patternmagL%].com/database/patterns/pattern_page.php?dir=19 21



The Spherical
Luneburg Lens

TheLuneburg Lenkas the
property that a plane wave will
be focused at a point on the
opposite side the sphere.

The basic principle of the
avariable dielectric spherical
leng€ A& ONBRAI

Luneburg in 1944,

Ideally, the dielectric constant

of the lens material must
increase from 1 at its surface t¢
2 at its center.

Thus it is possible for multiple signals to be received simply by placing more receivers on
dLIKSNBE Q& LISNALKSNE®
The ZAR exploited this concept with 3 stacks of 77 receivers, for a total of 231 receiver
'a4SR AY I NYRINE Iy ITNNYée 2F OSNIAOITf (e
both elevation (depending on which horn in the vertical fan beam sees the echo) and ir
azimuth (by rotating the antenna).

Introduction to Radar System#. Skolnik, McGraw-Hill 1963 22



nce t he R X antenna was

ZAR Beam Patternsf 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 matche

Thfe EAR Receiver o 70° posmons could be measured to 0.004° Az & 0.008° in El.
One of three sets a stacke Beam Profile
beams separated in TRANSMITTING Faceon
azimuth by 120°, FAN BEAM Tx RX

Each vertical stack has 709

77 pencil beams.

Beamwidth;
Az =0.9°
El=0.9°

The ZAR Transmitter
One of three fan beams
separated in
azimuth by 120°.

STACKED

Beamwidth: RECEIVING BEAMS
Az = 0.9°
El = 70°

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



The Hemispherical

_uneburg _-
_ensat z
Kwajalein
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Incoming signals are reflected b
the ground plane & focused by
the dielectric lens to horns on
the opposite side of the lens.

The horns look down, rather tha
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 stacke
horns mounted on 3 trusses
spaced 120° apart producing
231 pencil beams on the sky.

Each beam had a systenvise
temperature of about 720%K.

The profile view of the entire
ZAR Receiver antenna
showing the 12€ft white
radomeenclosing the 86t
hemispherical Luneburg Lens,
as well as the 600t diameter
elevated reflecting ground plan.

24



The Kwajalein e
ZAR Recelver

The lens consisted ¢§4,484
expandedbeam polystyrene foam
o0f 2014z Y2f RSR
cubes, weighind@,800,000 lbs

Each block was impregnated with g i
LINSOAASEt & 02y iNP|t fYNSRm%
long randomly oriented aluminum o

slivers. Varying the concentration
allowed the dielectric constant of thg
foam lens to be changed from unity
at the surface to 2 at its center.

Nike-ZeusSummary
A Thefirst successfuinterception of an ICBMIaunchedfrom Californiaoccurredin Dec1962
TheZeusmissilecamewithin 6001t of the Atlasnoseconec anacceptabledt Y ARIA3a ( |
I Therewere 13 live-intercepttests- 9 were successful3 were partially successful
DeployingNike-Zeuswould havecost$10to $15 billion ($80 B to $120B today).

A
A In January1963 the high projected cost, among other concerns,led to the decision by
Secretaryof Defense RobertMcNamara,to cancelthe Nike-Zeusproject.

A However, the ZARis still considereda high-performance radar with an unprecedented
searchcapability. Assummarizedn the project history GABM R&Dat BellLaboratoriegX

I dthe ZAR represented the most efficient wired-logic system for detectionXever
developed Its stackedarray receiverson three rotating armsalso provided the highest
datarateXyet achieved,andis not matchedevenby today'sphasedarray systems€ .

ACQUISITION RADAR Nike Zeus Flight International, Augpé 1962, pg 169




The Nikee o al'lew
Multifunction Array Radar
at the White Sands Missile Range
Introduction
&
How was this radar so different
from earlier longrange radars?




Nike-Zeus vs. Nik&X ABM Concepts
Late 19509 I NI € M 0 c9n|£]\ﬁI__ e_m U a A

ANTI MISSILE- Hlssn.t_::..,J _.'_.-r‘f;ie?; e ..

Hﬂmm g/

b w.mﬁm~"-'

ZAR = Zeus Acquisition Radar MAR = Multifunction Array Radar

DR = Discrimination Radar MSR = Missile Site Radar

TTR = Target Track Radar The less capable MSR would augment
MTR = Missile Track Radar the more powerful & costly MAR.

Tests of theNike-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 syste

After Nike-Zeuswas cancelled in January 1963, work begar

on a greatly improved system, calledike-X, that utilized an

electronically-steered radar that could replace all 4 of the
mechanicallysteered radar systems used Mike-Zeus.

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

From Army Prepares Sprint Popip Flight, Missiles and Rockets, May 17, 1965 '-
http://www.smdc.army.mil/2008/Historical/Book/Chap?2.pdf Nike-X 27

Nike-Zeus



TheNikeX Anti-Ballistic Missile (ABM
Defense Concept of the Mid 1960s

a b A Yvas the Greek Goddess of Vlctory

MISSILE SITE
RADAR (MSR)

f MSR
Missile Gwdance
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h TERCEPTION
)

'
DECOY
BALLOONS

MAR .
Search, Discriminate & Track

L-Band Radar

R >

The longrangeZeus(later Spartar) 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.

From the SpokesmanrReview NqawspaparSpokane, WA 7 Jan 1967

The terminal defense&sprintmissile had a

range of 40 km and was armed with a-86
enhanced radiation nuclear warhead

) with a yield of a few kilotons. )

LG | OOSftSN)YGSR |G 20

of Mach 10 in 5 seconds, and was the fastes

accelerating marmade object ever made.
28




TheMultifunction Array RadafMARI) at WSMR

This novel radar was a tegied for evaluating the electronically steered radar
developed for the US Army's Nik& Anti-Ballistic Missile(/ABM) defense program
and was the first "hardened" phasedrray ever built.

- Western Electric Compar(WWEC9 was the prime contractor.

- Bell Telephone Laboratorig®8TL) was responsible for the overall system design.

- Sylvania Electronic Systems E&SESEast) was the subcontractor responsible for
the detailed deS|gn and fabrication of the facility.

Built at the gt - " o e e e /S Most of the
White Sands oy B LT ; 195 x 155 ft
Missile Range ‘ e - structure is

with an underground
extraordinary [ @ and extends

15 month i 42 ft below

construction

surface grade.
schedule:

It had 2 floors

Powered Up [S 0 oS e W | underground
15 June 1964 [t o R ' ;',95—-*.,2.’ 7 # |and 2 floors in
“UNRER , Sy |\ each of the

The large dome domes for a

| total interior
floor space of

/3 90,000 sq ft.

was 120 ftin
diameter
and 45 ft high.

WSMR Archive ID # 97.180.96-7



Where was the I\/IARSlte at WSMR’P

Alamogordo
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Offices

Water Tank

- E -~ *.l
» -' --499: «t L

L = > _.: 'l.
1 | Access Doors

.- i o
Lighting Mast . . : Ts
200t 1 <€ Test Aircraft Radar

J . Yo "
y " y - \- ~
Cargo Elevator | : h Instrumentation Radar |

R-2 Rx Array (Blank) - T-1Tx Dome & Array

y = A
. | T-2 Tx Dome (Blank) L — , |
B R-1 Rx Array |

Ground Reflection Fence
S

WSMR Archive ID # 97.180.1966



4 Aerial Close Ugsl7 Aug 1964

N .__“~ _

Clockwise : WSMR Archive ID # 97.180.198, -4, -5 & -6



MARI from Beaver Aircraft used
In Pattern Measurement Testd ate 1964

~

Image from the collection at the USASMDC/ARSTRAT Historical Office, R

>

edstone Arsenal 33




Quotes about the I\/IARin theMedia

dlgloo-Shaped Structureblide Advanced Antimissile Systém
- From :The Christian Science MonitoBoston, MA, Dec 15, 1964
G!' G 0KS KSEXNOtimBsile systérBis dhude Stemhd-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 Sghinx.

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

dAnother impressive capability of MAR is that only the operator's chair will have to be oiled.
Nothing else movesBecause 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 @ha

- From :Army Research and Development Newsmagazine, Aug 194 5, No. 8, p.23)

WSMR Archive ID # 12.007.783 34



Electronically Steered Phasédray Radar

A phasedarray is made up of a number of brodseamwidth antenna elements. Its radiation
pattern is determined by adjusting the time at which the signal emerges from each elemen

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

from the boresight

For a 2dimensional array,
the beam can be steered

vertically and—{$}<) \ h
horizontally. . F1< éi \
B Q) RN
TX o< =S4 -E_} -
E $ = ‘\ \h
P <) ~\ \
plipd
e plind
-

bbb

In aCorporateFed Array like the
MAR, the transmission lines
connecting the elements to the
beamformerare all of equal length.

The only time delays needed to stee

the beam are the relative delays
across the aperture face.

https://en.wikipedia.org/wiki/Passive_electronically _scanned_array#/media/File:Phased_array animation_with_arrow_10frames_8%@0px_100ms.gif
http://www.fotoimage.org/beamsteeringphasedarray/ http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595 35



Electronically Steered Phasédray Radar

A phasedarray is made up of a number of brodseamwidth antenna elements. Its radiation
pattern is determined by adjusting the time at which the signal emerges from each elemen

By inserting a delay which increases incrementally
from element to element, the resulting

beam will be shifted away

from the boresight 8 M~

For a 2dimensional array, ——I d I——
the beam can be steered
vertically and E‘d The more elements, the
horizontally. 3 _q wider the aperture, and
o the narrower the beam. I
,HE_Q X(t)
b < |
é In aCorporateFed Array like the
¢ -q MAR, the transmission lines
g connecting the elements to the
= ¢ -Q beamformerare all of equal length.
" ¢ -Q The only time delays needed to stee
C 4 the beam are the relative delays
A across the aperture face.

https://en.wikipedia.org/wiki/Passive_electronically_scanned_array#/media/File:Phased_array animation_with_arrow_10frames_24@0px_100ms.gif
http://www.fotoimage.org/beamsteeringphasedarray/ http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595 36



Electronically Steered Phasédray Radar

A phasedarray is made up of a number of brodseamwidth antenna elements. Its radiation
pattern is determined by adjusting the time at which the signal emerges from each elemen

By inserting a delay which increases incrementally

from element to element, the resulting
beam will be shifted away
from the boresight 8 M~
For a 2dimensional array, ——I d I——
the beam can be steered
vertically and— ¢ - Dropping elements at the
horizontally. S edge, decreases the apertur
< and widens the beam.
] —
i '
xi_ﬂ X(1)
b - l
é In aCorporateFed Array like the
¢ —q MAR, the transmission lines
g connecting the elements to the
= ¢ beamformerare all of equal length.
" P ) The only time delays needed to stee
C 4 the beam are the relative delays
A across the aperture face.

https://en.wikipedia.org/wiki/Passive_electronically_scanned_array#/media/File:Phased_array animation_with_arrow_10frames_24@0px_100ms.gif
http://www.fotoimage.org/beamsteeringphasedarray/ http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4101595



MARL Qa { S| NOKX2X 5AaON
Search The amplified signal from
each Antenna Element
_ Track went through the
Functional Dividewhere it
was split into theSearch,
Discriminate and Track
channels.
The appropriate time
delays were then applied
to simultaneously steer the

. ... multiple beams
independently.

Discriminate __

Functional
Dividers

Antenna Elements C e
c2ff26Ay3a o 2F YlyleX
Preamps C

TimeDeIays..... . !

Beam Formers . ... -

Discriminate Search Track 38



MARI| Ground Level Views




MARI| from the Front ¢.1965

WSMR Archive ID # 97.180.2051 40



MARI| Transmitter Face 21 Dec 196

Diameter:
~15 ft

Numberof
Antenna
Elements
Active = 805
Passive = 108 |Sessss
Total =913 |@¥,

The peak outputly
power from the
Transmitter was
in the megawatt
range.

Its large steel
antenna support
structure
weighed
30 tons.

Courtesy BobGamboa, who worked for WECo at the MAR-I in the Public Relations department



MAR] Recelver Array Fae®ec 1965

Diameter
~25 ft

Numberof

Antenna

Elements
Active = 2077
Passive = 168
Total = 2245

Antenna
Element
Held of View
> 90A

PhasedArray
Beamwidth
~1.8A

¢KS | N
large steel
antenna suppor
structure

weighed 92 tonst WSMR Archive ID # 97.180.2053 42



MARI Style Planar Arr

The MARI Transmit & Receive arrays
used a 2DTriangulargrid. — [p1 — — |1 — _

It is more efficient for suppressing side ,_
lobes than aRectangulargrid & requires £ = =

16% less elements for a given aperture:g
(Radar HandbookM.S.Skolnik 1970)

A 23 element Triangular grid
Receiver Array example is shown.
There are 4 or &levation (Betagelay
units for each antenna in a column,
and 5Azimuth (Alphajtime delay units in b5 b5

b3 b3

Column Co
y A
y 4

a single row required to steer the beam,
for a total 28 delay units (i.e., not 46). 06 TG

Each ofthe MAR. Qad WS OSA @F
have a total of 2077 Beta delay units b7 b7
and 55 Alpha delay units.

Antenna Element b b8
Preamp

bn| Beta Eley) Delay Steering [69 69
Alpha A2 Delay Steering — — — 1= _'lljj_

(@8
=
(@)
(N>
=
QD

UL 2 U3 vz

|
—+H T Combiner :




The MAR Construction Album

There were 285 photographs collected in-arg) binder showing the
construction of the site that were donated to tMgSMR Archive
0 UKS 4gAR2g 27F DS 2iN@BmafdK I I
at WSMR during the MARproject.

Pl

| SNBE I NB | FS¢g 2F (K

WSMR Archive ID # 03.013.001




MARI| Constructiorg 25 Mar 1963

WSMR Archive ID # 03.013.001001



