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Westinghouse Friendship Plant
Began as Air Arm Division
AWACS was developed here
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Early Radar History

188689 - Heinrich Hertz discovered Electromagnetic (Radio)
Waves. Also demonstrated reflection by metallic objects.

1904 Christian Hulsmeyer demonstrated ship detection
1934 NRL- Taylor & Young- Pulse radar work
1937 U.Kflys airborne radar, Chain Home ground radar

1940 RADAR (Radio Detection And Ranging) coined by U.S.
Signal Corps working for Navy

1940- Magnetron (high power microwave transmitter tube)
iInvented by Randall and Boot, U.K.

WWII - numerous Radars both grountlased and airborne
developed.



Chain Home RADAR (U.K)
- Battle ef Batain o n a | 193

Prate 7.1 Chain Home Chain Home provided the

world’s first strategic air defence radar network. erected along

the east and south coasts of Britain (later extended to the west

coast). It used High Frequency and consequently demanded

large installations. 360-foot-high transmitter masts are seen on

the left of the photograph above and 240-foot receiver masts on
the right  (Photo: By courtesy of GEC-Marconi)



Pearl Harbor Radar at NEM
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raid on December 7, 1941

but was ignored
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Wiurtzburg Antenna

German air search radar
One at NEM In
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What is the Doppler shift?

Well-known effect that sound waves increase in frequency

when source approaches us, decreases when departing
from us.

Analogous effect in light waves was noted by an Austrian
astronomer, Christian Doppler, and reported in 1892 in a

paperccconcernicng tthe-fmcolor ed
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applied in many fields:

¢ Weather radar

¢ Military radar

¢ Traffic Radar

¢ Astiroon omy, Expanding ‘unibver se
¢ Medical: echocardiograms, etc.

c Bats find prey with echo-location

The Doppler shift is directly proportional to the relative
velocity of the source to the receiver.



Development of Pulse Doppler Radar - |

APulse radar measures range by round-trip time of target
echo. Low-flying targets may have echo smaller than
ground echo from same range so cannot be detected.

* Pulse-Doppler (PD) radar adds measurement of Doppler
shift of target echo. Ground echo a different shift from
target in many cases. | .
Doppler measurement requires new technology in the
form of a stable reference signal to compare transmitted
to received signal. Transmitter amplifies this signal,

receiver compares echo with the same signal which
reveals Doppler shift.

** Doppler shift is proportional to radar-to-target radial
velocity.

** Pulse radars may use magnetrons which have random

phase from pulse-to-pulse making Doppler
measurement difficult.

**Development of high-power coherent amplifiers such as
Traveling wave tubes & Klystrons facilitated PD radars.



Development of Pulse Doppler Radar - I

1) Westinghouse (WECO) began development of a PD radar
for the BOMARC missile in mid-1950s to improve the
look-down capability vs. the current Pulse radar (also
WECOQO). The advanced BOMARC was the IM-99B with the
AN/DPN-53 radar in the nose. Operational about 1962.

2) For the Navy, WECO developed a PD fire control radar,
the AN/APG-59, for the F-4J Phantom Il. Operational 1966,
522 A/C were built 1966-72.

3) Also for the Navy, WECO developed an airborne
surveillance radar using Track-While-Scan (TWS)
technology, the AN/APQ-81. Only one developmental
model was built. The radar was intended for the Navy
Missileer system that never was built. The radar was
flight-tested at WECO to prove feasibility of the TWS
concept.



Bomarc Missile-IM99




APG-59 Nose Radar for F-4J



