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A few caveats

A Intent: fill in the gaps of Silicon Valley history
A Not a professional historian

A Some of this is probably wrong

A It follows just one of many threads

A All secrets are from open-source literature



Seven Short Stories



Story 1. WWII The First Electronic
War



First Meteorological Use of

A The first application OfRADAR

RADAR to meteorology
was by Sir Robert Watson-
Watt (b.1892-d.1973):

I Used radio signals
generated by lightning
strikes to detect/locate
thunderstorms (so that they
may be avoided by RAF
aircraft)

T Location difficulties led to the
development of rotating
directional antennas

I Pioneered the idea/use of
oscilloscopes as a 2D

display device waveforms of atmospherics

Robert
WatsonWatt

WatsonWatt apparatus for studying




RADAR and World War Il

A RADAR development
continued at a faster

pace during the

1930s in the build-up
towards World War 11
'r

Engl andads
pushed for
development to
counter its
vulnerability to the
German Luftwaffe

Ger manyo6s
pushing radar
development to
counter the superior
English naval forces

Al

r

@ 2000 Matthew White




RADAR and World War Il

A Some popularized myths concerning British/German radar

prior to World War Il:

I The British invented radar and scientist Sir Robert Watson-Watt
was the man responsible for its invention

I The Germans had no little or no pre-war radar capabilities and did
not grasp its importance

A Realities:
I Huelsmeyer had developed and patented the first radar device In
1904
I In 1934, Dr. Rudolph Kuhnold (head of German Navy signals
research) fArediscoverso radar
I Germany actually had more sophisticated technology leading up to
WWII



German RADAR

A Hans Hollmann was the
leading technical expert of
the time on radar
technology:

I Consultant for both the
GEMA and Telefunken
corporationsd leading
manufacturers of radar in
the late 1930s

I Holder of 300 patents (76 In
US) on all key components
of radar systems
(oscillators, transmitters,
receivers, cathode ray tube
displays, etc.)

Hans Eric Hollmann




German RADAR - Freya

AfiFreyao was the
produced in quantity for the
German Navy:

I Land-based aircraft detection radar
I Operated at 120 to 130 MHz

I Pulsed radar with pulse width of 3
microseconds at a PRF of 500 Hz

I Peak Power output of 15 to 20 kW
I Max range of 100 nmi
I Over 1000 built throughout the war

I I nstalled along G
coast




German RADAR - Seetakt

AAdapted from fAFr e
ship-board use as a ranging
device for gunnery:
I Operated at 375 MHz

T Pulse width of 3 microseconds
and PRF of 500 Hz

I Peak Power output of 8 kW

I Max range of 9 nmi

I Range accuracy of 70 meters
I Azimuth accuracy of 3 degrees
i Over 200 built




German RADAR - Wurzburg

A Telefunken produced a very
high accuracy anti-aircraft
gun targeting radar, the
AWur zbur go:

I Operated at 560 MHz (very
high frequency for its time)

I Operating range out to 25
miles

I Bearing accuracy of 0.2
degrees



British Pre -War RADAR 1 Killing
€p

British investigations into radar began'with the question of whether a
Nndeath rayo could be produced whi
attacking aircratft

The British Air Ministry had offered a prize of £1000 to the first person
who could devise a fideath rayo to

Air Ministry turned to Sir Robert Watson-Watt to investigate whether a
Nndeath rayo was practical; his co
not be fabricated with the technology of the time (it would require
Megawatts of power), but that radio waves could be used for

aircraft/ship detection and location

19351 Robert Watson-Watt demonstrates radar for Air Ministry using
a BBC transmitter; later that year, an English team of scientists
demonstrates detection and three-dimensional locating of aircraft at
100 km range, using a 100 KW transmitter (pulsed) operating in the 5
to 10 MHz frequency range



British Pre -War RADAR i CHAIN

A CHAIN HOME was a nc!?lw(c?rMIfE
Afl oodl i ght o r ac
along the coast of England

One of the CHAIN HOME radar installations, with

transmit towers at left and receive towers at right




British Pre

-War RADAR 1 CHAIN
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British Pre -War RADAR T CHAIN

HOME

A CHAIN HOME Specifications:

Frequency: 20 to 30 MHz

Power: 350 KW (later
750)

PRF:
Pulse:
Range:

25 and 12.5 Hz
20 us
~ 200 nmi

There were 18 CHAIN HOME
sites, time synchronized so that
one system within the network

would not interfere with another;

the pulse timing was
synchronized to the national 50
Hz power grid
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British Pre -War RADAR i CHAIN HOME

A brute force approach to radar
I low frequencies 20T 30 MHz
I high peak power (350 kW, later 750 kW)
I pulse of 20 £s duration
I separate transmit and receive antenna arrays (for isolation)

I very low (25 or 12.5 Hz) pulse repetition frequency

A locked to the frequency of the power grid so that all CH stations were
synchronized to avoid mutual interference

I fixed, broad- beamwidth - floodlight transmit illumination.

A receive antenna array

I stacked orthogonal, half-wave dipoles for azimuth and elevation
angle estimates and null filling

I mounted on wooden towers at a height of 215 ft above the ground,
A direction- and height-finding performed by a goniometer



A Britain

Comparing British and German
Systems

Had only one system in operation prior to WWII, CHAIN HOME
Had a sophisticated, coordinated plan for use of the system
Had highly trained staffing and communications

Had backup systems in place, anti-lamming, redundancy, etc.
Technologically inferior, but superior as an end-to-end system
RADAR was integrated into the overall battle strategy

A Germany

Had several systems in operation

Technologically superior (rotating high gain antennas, higher
frequency of operation, superior range/bearing measurements)

Multiple-use systems i detection, anti-aircraft gun targeting, bomb
targeting, etc.

Not employed in a coordinated strategy



World War |l Advancements

A Pre-War British program was to set up CHAIN HOME, but
this provided nothing in terms of capabilities for anti-
aircraft gun targeting, bomb targeting, etc.

A The British and American radar programs were using low
frequency radars (the prevailing technology at that time),
which severely limited their usefulness

A Britain was pushing very hard to generate microwave
frequency radar components

I Clarendon Laboratory of Oxford directed to develop microwave
receivers

I University of Birmingham directed to develop microwave
transmitters



World War |l Advancements

A The most significant
advancement was achieved at
the University of Birmingham
by John Randall and Henry
Boot, the ncavi




Cavity Magnetron Operation

Hot cathode emits
electrons which

travel outward Stable magnetic

field B

Electrons from a hot filament would
travel radially to the outside ring if

it were not for the magnetic field. The
magnetic force deflects them in the
sansea shown and they tend to sweep
around the circle. In so doing, they
"pump” the natural resonant frequency
of the cavities. The currents around the
resonant cavities cause them to radiate
electromagnetic energy at that resonant
fraguency.




Cavity Magnetron Operation

Current around
the cavity plays
the role of an
inductor. Oscillating magnetic
and electric fields
produced in the
cavity.

The cavity exhibits
a resonance
analogous to a
parallel resonant
circuit.

Cc
L
L«
L ¢ 3?;&1,&;;;;:3 Electrons from the hot
the role of & center cathode arriving
p at a negatively charged
1 1 capacitor region tend to drive it

back around the cawvity,

“pumping" the natural
resonance 2\ LC resonant frequency.

!




The Cavity Magnetron

| Improvement |
A By mid-1940, Britain had succeeded in improving on the

prototype cavity magnetron, producing a relatively small,
light-weight transmitter which could generate RF pulses at
3 GHz, with an output power of 15 KW

A Factor of 10 improvement in operating frequency over
German radar

I Since antenna gain is inversely proportional to wavelength
squared, an antenna of the same size could now produce beams
100 times more powerful

I Since antenna beamwidth is inversely proportional to wavelength,
a 3 GHz radar is 10 times as accurate in each dimension (azimuth
and elevation) in determining target bearing



Recelver Technology

A Modern radio and radar receiver operation principles were
developed in the 1920s and 1930s

I Vacuum tube (thermionic valve) oscillators, amplifiers, and
detectors

I Superhet (supersonic heterodyne) receiver

A Developed to overcome sensitivity/reliability problems in
radio communications

A Radar receivers use these same techniques, but operate
at higher frequencies



Triode Vacuum Tube
A Triode, invented by Lee De Forest in 1906
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Vacuum Tube Advancements

A Over the years following the diode and triode vacuum tube
Inventions, several improvements were made to the design
and more applications for it were devised:

I Focus during World War | years was modifying the design for mass
manufacturability
A Newer materials to enhance performance (particularly in the filament)
A Better methods for inducing and holding a vacuum in the tube
A Repeatability in materials, manufacturing tolerances, testing, etc.
I Multi-grid tube variations were invented (tetrode, pentode, hexode,
heptode, octodes, etc.)
I Special purpose tubes (low/high power, multi-use, fast warm-up,
etc.)



Superhet Recelver
A Older Style Tuned Radio Frequency (TRF) Receiver

Antenna
= “Audio Out

A Superhet Receiver

Antenna

—Audio Out




PPI Display

A The PPI Display provided a more useful picture of the
radar field of view
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American Involvement in World
War Il

A Some British and American politicians recognized early on that
the U.S. would likely get pulled into the war

A Sir Henry Tizard, a leader in development of the British CHAIN
HOME and other radar programs, led a team of experts to meet
with various American scientists and leaders

A The British shared a great number of technical secrets with the
Americans, including the cavity magnetron

i The U.S. quickly set up a new | &
Laboratoryo

I The Naval Research Laboratory and other groups also were
recipients of the new technology
A By 1941, both Britain and the U.S. had begun to produce S-

band (3 GHz) and later X-band (10 GHz) components and
systems



Status Quo at End of WWI|I

A Radar had evolved from prototypes built in the mid-1930s
to an explosion of different systems/applications by mid-
1940s

A Microwave signal generation had become practical and
advances in all areas (antennas, transmitters, receivers,
displays, etc.) led to wide-spread use in communications
and radar applications



Civilian Use of RADAR

A Following World WAR 1, there was a lull in
development of new technology for radar
use

A Surplus military radars were put into service
for civilian use, primarily as weather and air
traffic control radars; later, radars were built
specifically for those purposes

I 19457 First military radar (AN/APQ-13) is
converted from ground mapping/bombing radar on
B-29 bombers to storm warning radar; 30 systems
installed on military bases

I 195071 US Civil Aeronautics Administration (pre-
cursor of the FAA) begins deployment of ASR-1
Airport Surveillance radars

I 19547 AN/APQ-13 is replaced by the AN/CPS-9,
the first radar designed specifically for
meteorological use

I 195971 WSR-57 weather surveillance radar is
commissioned at the Miami hurricane forecast
center




Semiconductor Development

A Following WWII, Bell Laboratories had a program focused
on development of semiconductor devices to replace
vacuum tubes in communications/electronics

A In 1947, the first transistor was invented by Dr. John
Bardeen, Dr. Walter Brattain, and Dr. William Shockley

A In 1951, the first junction transistor is invented

Semiconductors affected
radar development in two
ways.

/Solid state devices
could now be developed
and utilized In




Modern RADAR Applications

A Following the development of semiconductor devices and
digital computers, there was another mini-revolution in
capabilities and applications of radar systems

I Satellite radar for altitude mapping and surveillance

I Pulse compression technigues for higher range resolution

I Higher frequency, higher power, wider bandwidth components
I Phased Array/Active Antennas

I Advanced Doppler radar applications
A Advanced meteorological measurements
A Advanced Moving Target Indicators (MTI)
A Synthetic Aperture Radar (SAR)



Satellite RADAR

A Early satellite radar focused on altitude

mapping:

I 1973 - Skylab S193 radar altimeter (15 in
space); altitude/range resolution is 15
meters

T 1974 - GEOS-3 launched, 1.9m resolution
T 1978 - SEASAT launched, 0.5m resolution

T 1985 - GEOSAT launched; 0.5m resolution

T 1991 - ERS-1 launched; 0.5m resolution
w119} ;

Skylab S193 | ERS Artist Concept

Yehed
T

-

SEASAT Artist Concept




Satellite RADAR 1 Altitude

Mapping

1 km DEM of Greenland derived from ERS-1 geodetic phase da

5 km DEM of Antarctica derived from ERS-1 geodetic phase data




Pulse Compression Techniques

A Invented in the late 40s as a means to provide higher
range resolution while maintaining good signal to noise
performance of a radar system

A Older Style, Non-Pulse Compression System

P

P =P, ,DutyCycls

l——

ground{target echoes

Il

round trip time = 2R/c

time

I Higher resolution means less average power transmitted (lower
signal return strength and shorter range of operation)



Pulse Compression Techniques

A Pulse Compression System

compressed
targets

coded pulse

raw ground/target echoes

round trip time = 2R/c

— time

compressed
After match filtering.... groundjtarget echoes




Pulse Compression Techniques

A In a pulse compression system, the resolution of the radar
IS given by the bandwidth of the transmitted pulse, not by
Its pulse width

Rangdresolutioh

C

2(BW

A This allows very high resolution to be obtained with very
long pulses (higher average transmit power/longer
operating range)

A Popular pulse compression techniques:
I Binary phase coding of the pulse

i Linear FM modul ation of the pul s
I Stepped frequency waveform



Modern Microwave Components

A New materials, new techniques for building microwave
components, transmission line improvements, monolithic
microwave integrated circuits (MMICs), etc. have provided
Improvements in terms of sensitivity, bandwidth, power,
etc. in all areas




Phased Array/Active Antennas
A Typical Flat Plate Antenna Array

ANTENNA

*— i Phase/Time
Delay
: Units Steer Beam

Electronically

ANTENNA




Phased Array/Active Antennas

A Active Antenna

i Build-up of Transmit/Receive (T/R) modules which integrate a low-
power (~ 1 Watt) solid state transmitter, a low-noise amplifier
receiver, and a time-delay and/or phase shifter

>
1o
b - |__ Radiating
——@" Switch  Switch 4 Fatch

Phase
Shifter

LxA

T/R Module Block Diagram




Phased Array/Active Antennas




Modern Doppler RADARS

A Doppler effect i First presented by Andreas Christian
Doppler in 1842

SOUTCe
observer

emits frequency f ) o
while moving cars Andreas Doppler




Modern Doppler RADARS
A The Pulse Doppler RADAR:

Coherent

Signal -«
Returns

From Antenna

A All timing and operating frequencies are derived from a
single source frequency

A The change in phase of a target return from pulse to pulse
IS a measure of the relative motion between the radar and
the target



Applications of Pulse Doppler
RADARS

A Radar Guns




Applications of Pulse Doppler
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Applications of Pulse Doppler

"The Mother of All Retreats"
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Applications of Pulse Doppler

A Synthetic Aperture Ra@f?‘(@ﬁﬁs




Applications of Pulse Doppler

RADARS

A Synthetic Aperture Radar (SAR)




Sept 1939: Europe in WWII

A Britain fighting since Sept 39 T
A Chain Home Radar & the Battle of Britain| &g

CH

Map showing Ications of CH and CHL

Tl RS ek
e i Radar Stations and the area covered

i
‘.':‘:‘ v




Dec 7t 1941: America Enters WWII

A Britain fighting since Sept 39

A Soviets fighting massive land/air
battles since June 41

A Allies incapable of landing in
Western Europe for 2+ years

A Decide that

I priority was to win in Europe vs Pacific

I destroy German war fighting capacity
from the air until they can invade




Strategic Bombing of Germany
he Combined Bomber Offensive

A British bombed at Night

I Area Bombing
AlLancaster's
AHalifax
AFlew at 7 - 17 thousand feet

AThe American s by Day

I Precision Bombing
AB-17 s
AB-24 s
A Flew at 15 - 25 thousand feet







Early Warning Radar Range




olatcyiC DoImpirg or scririarly

March 1943: The Combined Bomber

Offensive

Your primary objective will be the progressive
destruction and dislocation of the German military,
Industrial and economic system and the undermining
of the morale of the German people to a point where
their capacity for armed resistance is fatally
weakened."



The German Air Defense System
The Kammhuber Line

LU&A rchiv.de

A Integrated Electronic air defense network
I Covered France, and into Germany

A Protection from British/US bomber raids
T Warn and Detect
I Target and Aim
i Destroy

LU&A rchiv.de




The German Air Defense System
The Kammhuber Line

LU&A rchiv.de

A Integrated Electronic air defense network

I Covered France, the Low Countries, and into
northern Germany

A Protection from British/US bomber raids
I Warn and Detect
I Target and Aim LA iy ce
I Destroy




British/American Air War in Western Europe
28,000 Active Combat Planes

40,000 Allied planes lost or damaged beyond repair:
(46 000 planes lost by the USSR in the East)

160,000 Americans and British killed,
wounded or captured



The Bombing Effort - Summary

TONS OF BOMBS DROPPED
1,463,423 1,307,117

754,818 687,462 I UNITED STATES
B ROYAL AIR FORCE
FIGHTER SORTIES . 0000 |

991,750 1,695,049

CLAIMED ENEMY AIRCRAFT DESTROYED D |
AND PROBABLY DESTROYED 35,783 21,622
9,949 11,965
FIGHTER PLANES LOST * * D 000
8,420 10,045
PERSONNEL LOST IN ACTION - I

79,265 79,281
March 1945 April 1945

BOMBER PLANES ASSIGNED TO
COMBAT UNITS * *x * 7.177 6,956

May 1945 August 1944

FIGHTER PLANES ASSIGNED TO
COMBAT UNITS * * * 6,203 7.726

August 1944 July 1944

PERSONNEL ASSIGNED TO COMBAT UNITS * * *
619,020 718,628




Early Warning Radars in Occupied France
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Mammoth
Early Warning Radar

A 200 mile range .
A100 wide, 33 high
A Operational 1942 4] N AT I I 10 s
A 20 built
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Mammoth
Early Warning Radar

A 200 mile range

I 150 MHz, 200KW, PRF 500hz,
PW 3ns, accuracy 0.5

A100 wide, 33 high
A 1st phased-array radar "*“QM S
A Operational 1942 IJ

A 20 built
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Wasserman
Early Warning Radar

A 150 mile range

A Backbone of the German
early warning network

A Steerable tower 190
A Operational 1942
A 150 built

I =

-‘,. N S8 B e
f

RN

I\Lv

b Pt e
.

i .‘,'

J ‘

e



Wasserman
Early Warning Radar

A 150 mile range

I 150 MHz, 100KW, PRF 500hz,
PW 3ns, accuracy 0.25

A Backbone of the German
early warning network

A Steerable tower 190
A Operational 1942
A 150 built

il % m{fj




Luftwaffe Wassermann Stellungen 1.
0]

BIRNE
OPERATIONAL, whereatypeis notnoted

wasserman PERATIONAL et

Early Warnin
Radar Sites

S

KA STANIE (S
®STE\NE\CHE
FICHTE (S) ®
NUSSBAUM
®HAINBUCHE
FLIEDE R
LINDE M & §) SCHAKAL (M & S)
HABICHT ~ © 1y ne ™Mes
AUERHAHN (9) @
LAMA
SCHL OSSHUND
® RINGELNATTER (M 2-5)
SEEHUND
o) rm © ROBBE (eN) BRACKVOGEL ®
© BOCK
©AUSTER
HUMMER OHA\F\SCH
JAGUAR eWAL
TIGER(M & ) ©)
SALZHERING o © SCHLEI =)
GOLDBERG
ZANDER @)+ AX
HAMSTER@ eB\BER (MES)
WELS (] KEMPERSTEIN
© @ PONY @
[AUSEND F | SER (S) 0] GROSSHAL
AUERHAHN (9) DACHSM
DIESTELFINK
®AAL
MOLCH
KEILER



Jagdschloss
Early Warning Radar

A Best early warning radar
A 180 mile range
A 360° rotation at 4 rpm,

A Remote radar display via
microwave link

A Operational 1944
A 80 built




Jagdschloss
Early Warning Radar

A 180 mile range

I 120-157 or 156-250 MHz, 300KW,
PW 1lus, PRF 500hz

A Best early warning radar
A 360° rotation at 4 rpm,

A Remote PPI display via
microwave link

A Operational 1944
A 80 built




Himmelbelt
_ocal Air Defense
Network

ABox ~30 x 20 miles

Alntegrated network
of radars, flak,
fighters,
searchlights




Himmelbelt
Radar Order of Battle

A Freya

Early warning radar
Used for local defense
Detect allied bombers

:
:
:
I Cue other weapons




Himmelbelt
Radar Order of Battle

A Freya
I early warning radar
I detect allied bombers




Himmelbelt
Radar Order of Battle

A Freya
I early warning radar
I detect allied bombers

A Giant Wurzburg
I Ground Controlled Intercept radar
I direct fighters to bombers

I fighters could then intercept with their
on-board radar




Himmelbelt
Radar Order of Battle

A Freya
I early warning radar
I detect allied bombers

A Giant Wurzburg
I Ground Controlled Intercept radar
I direct fighters to bombers

I fighters could then intercept with their
on-board radar

A Lichtenstein BC & SN2

T Airborne radar on German
nightfighters




Freya
Early Warning R

A 60-120 mile range ~g
A Steerable and mobile -
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Freya
Early Warning Radar

A 60-120 mile range e
I 120-144 MHz, 15KW, PRF 500hz, l/, PR - 4\/\

\

PW 3 ns, accuracy 1.5 N T
A Steerable and mobile RN 4
A Over 1000 deployed et . o




German Bi -Static Radar
Klein Heidelberg

A Detect bombers by using the
signals from the British Chain
Home radars

i Coverti no transmitter
i Detection range 180-240 miles

A 6 KH Sites in France, Belgium —
and Netherlands

AAnt enna
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Bomber Command Loss Rate

PERCENTAGE LOSSES ON GERMAN TARGETS BY NIOHT, JAN. 1942 ~ APRIL 1048 ARE CALCULATED FOR EACH 3000 SORTHES,
INTRODUCTION OF EACH RCM. DEVICE AND OTHER IMPORTANT FACTORS AFFECTING THE LOSS RATE ARE SHOWN AT
THE APPROPRIATE DATES,
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Luftwaffe Signals Intelligence Y -
Service

A Network of passive intercept
stations

A Picked up allied radio and
bombing-radar signals

A Plotted location of
bomber streams




German Y -Service (ELINT)

A Passive signals intercept
operation, known as the "Y-
Dienst (Y-Ser vi ce) O

A Used directional antennas
and triangulation to locate
Allied bomber formations
from their radio/bombing
radar/jammer emissions

A Y-Dienst impossible to jam,
Integral part of the air-
defense system

A Directed night fighters into
bomber streams, where they
could use SN2 to hunt down
targets
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By August 1941 only 10% of
British bombers got to
within 10 miles of thelr

target



Getting to the Target
Solution: Electronic Navigation
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I Used by Pathfinder Planes Tt
i Got you to the area S
A OBOE o
i Used by Pathfinder Planes
I Beacon Bombing System
I Accurate enough for bombing
A GEE-H
I Transponder System
I Put on every bomber
I Accurate enough for bombing

ines radar and
radio to control the final flight path of the
plane onto the target.




GEE - Electronic Navigation

A3 ground transmitters, including or
AA" and "B", were sited about 50 to 100 miles apart

A Time for signal to reach the aircraft can be measured and
distance from that station can be calculated.



O GEE - Electronic Navigation

Gee on a B-17 Navigators station



G GEE - Electronic Navigation

A Navigators need to measure comparative ratios from
each pair of signals
A Aircraft had to follow a hyperbolic track to the target.

Gee Map - Edinburgh to Hamburg



Henrich - Jamming Gee

A German transmitters to jam
Gee navigation signals b o

A 280 built




E OBOE - Beacon Bombing System

GEE is used to direct the plane to
within 10 minutes of the target.
The Oboe system combines radar and

radio to control the final flight path of the
plane onto the target.

A GEE used to direct the plane to within 10 minutes of the target.

A The OBOE aircraft carried a transponder two ground stations, the cat and the mouse
A Very precise; 50% of the bombs fell to within 45 yards of their target
A only one plane could be controlled at a time - fitted to the Pathfinder planes

A Operational December 1942



C.“\':, GEE H - spring 1944

A GEE H worked like OBOE in reverse

I The navigator of the aircraft became the operator, and the
CAT and MOUSE stations were merely transponders.

I The entire operation was conducted from the aircraft and
directed by the navigator

A 150 foot accuracy @ 100 miles
A 300 foot accuracy @ 200 miles
A No limitations on number of aircraft using it



Flak - Radar Controlled Anti Aircraft
Guns

A 15.000 Flak Guns
I 400,000 soldiers in flak batteries

A Could reach to 30,000
A Fused for time
A Radar-directed

105 mm flak

Flak: an abbreviation for Fliegerabwehrkanonen, german for anti-aircraft guns



Flak - Radar Controlled Anti Aircraft
Guns

A 15.000 Flak Guns
T 400,000 soldiers in flak batteries

A Radar-directed flak to 30,000
I 128mm: 10 shells/minute
I 105mm: 15 rounds/minute
I 88mm: 15-20 rounds/minute

A Fused for time

I Fragmentation rounds 105 mm flak
.. . . Flak: an abbreviation for Fliegerabwehrkanonen, german for anti-aircraft guns
|  No Proximity Fuses




i Flak - Radar Controlled
Anti Aircraft Guns

A 1,000,000 soldiers in flak batteries

A Radar-directed heavy flak
I 128 mm: 10 shell s/ mint

T 105mm: 15 rounds/minute to a
maximum altitude of 31,000

T 88mm: 15-20 rounds/minute to a
maximum altitude of 35,000

A Fused for time
I Fragmentation rounds
.




Wurzburg
Anti -Aircraft Radar

LU&A rchiv.de

A Radar control of flak guns
A 15 mile range

A 10 feet wide

A Steerable and Mobile

A ~ 5,000 deployed



Wurzburg
Anti -Aircraft Radar

LU&A rchiv.de

A Fire control of flak batteries

A 15 mile range

I 533-566 MHz frequency agile

I 10KW, PRF 3750hz, PW 2us,
Accuracy 25 meters

A 10 feet wide
A Steerable and Mobile
A ~ 5,000 deployed



Himmelbelt
Radar Order of Battle

A Freya
I early warning radar
I detect allied bombers

A Giant Wurzburg
I Ground Controlled Intercept radar
i direct fighters to bombers

I fighters could then intercept with
their on-board radar




Operation Biting - Raid on Bruneval

A Commando raid to
steal a Wurzburg

A 27 February 1942

A Captured all the
radar electronics
and technicians

A Used it to test counterme res
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What s this?



Operation Biting - Raid on Bruneval

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

A Commando raid to
steal a Wurzburg

A 27 February 1942 —
A Captured all the radar electro ? A o




Gilant Wurzburg
Ground Control Intercept Ra

A45 mile range

AUsed to guide German
fighters to the bombers

A25 wide
Aover 1,500 deployed




Gilant Wurzburg
Ground Control Intercept Ra
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I 533-566mhz frequency
agile, 10KW, PRF 1875hz,
PW 2 ns

A GCI radar
A 25 wide
A over 1,500 deployed




Himmelbett
Air Battle Air Traffic Control

A Radars fed Himmelbett centers

A Operators worked from rows of s | -
seats in front of a huge screen + -

A Fighters would fly orbits around
a radio beacon
I fighter controller talked it to the
vicinity of the target
A Fighters would turn on its radar,
acquire the target, and attack




Himmelbelt
Radar Order of Battle

A Freya
I early warning radar
I detect allied bombers

A Giant Wurzburg
I Ground Controlled Intercept radar
I direct fighters to bombers

I fighters could then intercept with their
on-board radar

A Lichtenstein BC & SN2

I Airborne radar on German
nightfighters




German Night -Fighters
Airborne Intercept Radar

/§4  What s this?
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A Directed to vicinity by ground radar

A Allowed the German fighters to
find the bombers at night




German Night -Fighters
On-board Radar

A Directed to vicinity by ground radar

A Dornier Do 17, Junkers Ju 88,
Messerschmitt Bf 110

A Lichtenstein B/C then SN2
Radar
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A Warned bombers that fighter radar was looking at
them

A Deployed June 1943

A Prone to false alarms due to other bombers in the
stream that it was of little use

Monica - Tail Warning



Z'_E_ Flensberg - Fighter Homing on
Monica

A Passive homing device
A On German Fighters

A Detect the emissions of Monica tail-warning radars of
the RAF bombers.

A 45 miles range
A Production Spring of 1944



5_!_,';_ Korfu - Bomber Early Warning

A A network of "Korfu" aircraft warning systems
to warn against Allied bomber squadrons

A It picked up the emissions of the British
bomber "H2S" radar sets.

AThis was one of the Ger
early warning systems

I could detect bombers taking off from their bases









German Day Fighters
Vectored by Ground Radar

A Ground Control
Intercept radar talked
the fighters into visual
range of the bombers

A Messerschmitt BF-109,
Focke Wolf 190




Z-i-r; End of HHImmelbett -
St art o f NTame BO

AAWindowd meant Ger man fight
the bombers

A Germans reorganized fighter control

A Fighters were scrambled and directed from radio beacon
to radio beacon until they arrived to the greatest
concentration of Window

A At the target the fighters located the bombers with their
airborne Lichtenstein radar, or visually using the light of
the fireglow or flares

AAWild Boar"™ tactics operated
themselves



Tame Boar/Wild Boar Bases
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Not many clear days a month In
winter over Europe

How did they see the target?



Bombing Through Overcast
Solution: Air to Ground Bombing Radar

A Radar aimed at the ground
I Targets could be seen under
clouds and rain
I Outlines of major ground features
I map overlays

A 1943




Bombing Through Overcast
Solution: Air to Ground Bombing Radar

A Radar aimed at the ground
I Targets could be seen under
clouds and rain
I Outlines of major ground features
I map overlays
A British in Mid 1943
I H2S 300mhz

A Americans in late 1943

I H2X/APS-15 3ghz
I B-24 & P-38 Pathfinders

A Oops - Naxos




O H2S T Bombing Radar

A A downward-facing rotating
spiral scanner U=
A mounted in a blister below the
bomber
A Image of towns 50 miles away
displayed on the screen.

A Target identified by major
landscape features, such as
river bends and confluen




O H2S and GEE Bomber Electronics

NAVIGATOR
USING GEE

RADAR NAVIGATOR  SITS HERE
USING H2S SITS
HERE H2S

H2S

ER
GEE H2S SCANN

A January 30th 1943: The first use of H2S ("Home Sweet Home")
fitted to a 'Pathfinder' Squadron over Hamburg
A Weather was poor but the results were successful.

A Now bombers could be flown to their targets using GEE and drop
their bombs using H2S



A German night fighters
were equipped with the
"NaxosZ"

A Homed in on the H2S
radar in Allied bombers

A Range 30 miles

7 Luft4

rchiv.de




4.9~ H2X - American Bombing Radar

A Nov 1943, 12 B-17 Pathfinders
get H2X
A By Nov 1944 , all Pathfinders

equipped with H2X
i including Lockheed P-38 fighters
with long "Mickey" noses.

Aooffset bombing
In which a target that didn't |
have a good radar signature
was located relative to nearby
landmarks that did




:aj B-17 Bombing Radar - H2X

A Installed on all bombers

A The H2X Radar made
bombing through overcast
(BTO) possible. The radar
dish replaced the ball turret of
the Pathfinder planes

A The "Mickey set" was installed
In the radio room and '
navigational and bombing
Information was given to the
Navigator and bombardier




Math Challenge

For every 100 bombers on a
MmISssIion
4 - 20% would not return

Crews had to fly 25 mission to go home



Story 2: The Electronic Shield -
Electronic Warfare



Harvard Radio Research Lab (RRL)
Signals Intelligence and Electronic
Warfare

A Reduce losses to fighters and flak

A Find/understand German Air Defense
I Electronic and Signals Intelligence

A Jam/confuse German Air Defense
I Radar Order of Battle
I Chaff
I Jammers

A Top Secret 800 person lab




SIGINT T Signals Intelligence
The Line of Sight Problem

RADAR HORIZON
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You got to get close!




SIGINT using Ferret s
Find and understand German Air

Defense

A Ferret s and Crows

A B-24J flights inside Germany to
Intercept German radar signals

A Fitted with receivers & displays

A Wire and strip recorders
i Frequency, pulse rate, power, etc.
I 50 MHz to 3 GHz




SIGINT using Ferret s
Find and understand German and

Japanese Air Defense

A Ferret | went to the Aleutians

A Ferrets Ill, 1V, V went to Sicily
and the Mediterranean

A Ferrets VII, VIII went to South
Pacific
A British Ferrets found the

German Radars on the French
Invasion coast




8th Airforce Signals Intelligence

A Used British Y-Service intercepts of Luftwaffe
Communlcatlons

Bomber route planning to miss fighter bases, assembly and
timing

Measure effectiveness of diversions
Measure effectiveness of escort fighters
Near real-time bombing results

Also intercepts of AAA communications



SIGINT Map of Japanese Radar Order of Battle



