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Rise of Stanford & Silicon Valley
 Prewar: Big East Coast institutions dominate

› RCA & AT&T patents, Harvard & MIT research
› Stanford regional & struggling, West Coast industry small

 Varian-Hansen klystron: Turning point for fame, $
 WWII: Terman & Hansen go east, emerge as leaders

› Big labs at MIT & Harvard (but not Stanford)
 Postwar: New experts, technology, gov’t funding

› Terman strategy: New labs, keep classified sponsorship
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Rise of Stanford & Silicon Valley
 Prewar: Big East Coast institutions dominate

› RCA & AT&T patents, Harvard & MIT research
› Stanford regional & struggling, West Coast industry small

 Varian-Hansen klystron: Turning point for fame, $
 WWII: Terman & Hansen go east, emerge as leaders

› Big labs at MIT & Harvard (but not Stanford)
 Postwar: New experts, technology, gov’t funding

› Terman strategy: New labs, keep classified sponsorship
 Stanford emerges: Funded research, spin-offs

› Linear accelerators, microwave tubes, radar countermeasures
 SLAC: Center of particle research
 Microwave companies set stage for venture funding
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My Interest: Recognizing Hansen
 Hansen archives lost for 25 years after his death
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M•I•T • RAD • LAB

19451924 1932 1934 1935 1937 1940 1947 1949

Ph.D. Ag-Be X-rays

Spherical Radiation Theory

Varian roommate

Invents Cavity Resonator

Invents Klystron w/ Varian
Sperry funding for patents

Invents Microwave Doppler Radar
Blind Landing with MIT, Sperry
Ginzton at Stanford, Loomis at Tuxedo Park

Hansen-Woodyard Array Antenna Megawatt Klystron
Ginzton & Chodorow
Leads to SLAC
Microwave tube companies

Invents TW Accelerator
Mark series accelerators & SLAC

Founder: Varian Associates

Invents PD Radar

Invents NMR w/Bloch
Founds Microwave Lab

“Notes on Microwaves”

W.W. Hansen’s Legacies
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X-rays at Stanford, Radiation at MIT
 Ph.D.: 200 kV X-rays, e-  Ag on Be
 MIT postdoc: Spherical radiation

› P. M. Morse: Boundary value problems
 Stanford: 3 MeV “Supervoltage”

› Too expensive, not funded
› Hansen & Varian: Resonant acceleration

Morse

Varian Webster Supervoltage 100’ Accelerator Tube
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Cavity Resonator Invention 1935
 Spherical radiation with conductive boundary

› “Varian and Hansen’s big oscillating sphere”
› “Rumbatron”: Resonant particle acceleration
› Surprise: No external field, very high Q
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$100 Idea: Klystron Invention 1937
 Varian bros: Microwaves from Hansen cavity

› May: Lab & shop, $100, no pay, share royalties
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$100 Idea: Klystron Invention 1937
 Varian bros: Microwaves from Hansen cavity

› May: Lab & shop, $100, no pay, share royalties
› July: Patent notebook entry
› August: Working 10 cm. model

Klystron Model A, Aug. ‘37Wood Cavity, July ‘37

Woodyard
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$100 Idea: Klystron Invention 1937
 Varian bros: Microwaves from Hansen cavity

› May: Lab & shop, $100, no pay, share royalties
› July: Patent notebook entry
› August: Working 10 cm. model
› October: Patent filed
› April ‘38: Sperry $25,000/year

Klystron Model A, Aug. ‘37

Model B ‘38 Model C ‘38

Wood Cavity, July ‘37

Sig with Model C

“Klystron Boys”: R. Varian & Hansen
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Hansen-Woodyard Array Antenna 1938
 Standard WWII VHF radar antenna (“Bedspring”)

› Beamwidth     L-1; Yagi     (log L)-1

 Also with F.E. Terman

Terman
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Blind Landing: 40 cm Klystron 1939
 CAA-MIT-Sperry

› Boston, Feb. 1939
 750 MHz Klystron

S. Varian Webster Hansen

WoodyardR. Varian
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CW Doppler Radar 1939-40
“Boomatron” at Stanford

Ginzton
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CW Doppler Radar 1939-40
“Boomatron” at Stanford

Loomis

The “Didey Wagon” at Loomis Lab
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WWII Radar
 See through darkness, cloud & fog

› Invented many times & countries
 HF pulse radar 13m: Battle of Britain
 VHF radar 1m: Fixed & airborne

› Airborne antenna: Beam too wide

VHF Beam

Maximum
Range

Masked by
ground return

• VHF radar
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WWII Radar
 See through darkness, cloud & fog

› Invented many times & countries
 HF pulse radar 13m: Battle of Britain
 VHF radar 1m: Fixed & airborne

› Airborne antenna: Beam too wide
 Magnetron inspired by klystron

› Randall & Boot, UK Feb. ‘40
› Tizard mission: Basis of MIT Rad Lab

 Microwave radar 0.1m: Airborne

Microwave
Beam

• Microwave radar
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The MIT Radiation Lab 1940-45
 Rad Lab: Microwave radar 1940

› Loomis committee founds & funds
› Lawrence recruits “cyclotroneers”

Lawrence
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The MIT Radiation Lab 1940-45
 Rad Lab: Microwave radar 1940

› Loomis committee founds & funds
› Lawrence recruits “cyclotroneers”

 Hansen: Weekly staff lectures
› “Notes”: 1200 pg. classified “bible”
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The MIT Radiation Lab 1940-45
 Rad Lab: Microwave radar 1940

› Loomis committee founds & funds
› Lawrence recruits “cyclotroneers”

 Hansen: Weekly staff lectures
› “Notes”: 1200 pg. classified “bible”

 Staff 4000, $1.5B radars
› Defeats airplanes, ships, U-boats, V-1

Lawrence
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 Hansen’s group moved to Long Island

Sperry in WWII 1940-45
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 Hansen’s group moved to Long Island
› Varians, Ginzton, Woodyard and others

• Ginzton proves to be excellent manager
– Future Dir. of SLAC, Chairman of Varian Assoc.

• Hansen 70 patents: Klystrons, radar
• Dreams: Microwave Lab & Varian Associates

 Hansen to MIT Rad Lab every week
 Hansen invents coherent pulse Doppler radar 1943

Sperry in WWII 1940-45

Rad Lab Series
Vol. 1, 1947

Pulse Doppler
Subclutter

• Pulse Doppler radar
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 Hansen’s group moved to Long Island
› Varians, Ginzton, Woodyard and others

• Ginzton proves to be excellent manager
– Future Dir. of SLAC, Chairman of Varian Assoc.

• Hansen 70 patents: Klystrons, radar
• Dreams: Microwave Lab & Varian Associates

 Hansen to MIT Rad Lab every week
 Hansen invents coherent pulse Doppler radar 1943

› Modern form of radar

Sperry in WWII 1940-45

Pulse Doppler
Subclutter

• Pulse Doppler radar
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 RRL: Top-secret radar intelligence & jamming
› Director: F. E. Terman of Stanford
› Highly classified: Personal connection

Radio Research Lab Harvard 1942-45

F. E. Terman
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 RRL: Top-secret radar intelligence & jamming
› Director: F. E. Terman of Stanford
› Highly classified: Personal connection

 Hansen: Microwave Lab proposal
› Sperry staff, Rad Lab technology to Stanford

 Terman: Postwar Eng. Dean, Provost
› RRL staff & gov’t sponsorship to Stanford
› “Father of Silicon Valley”

Radio Research Lab Harvard 1942-45

F. E. Terman
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Bloch & Hansen: Nuclear Mag. Res. 1945

28



Hansen’s Microwave Laboratory 1946
 Key to Terman postwar strategy

› Largest Stanford research contracts
 Hansen: Founder, director 1946

› Ginzton: Assoc. director; Woodyard to UC
 First linear electron accelerators 1947
 Megawatt klystrons 1949
 New accelerator building 1948

› Later named in Hansen’s memory
› 3 Nobels, 13 NAS, 750 PhD’s

by teardown after 60 years
2007
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Varian Associates 1948
 Hansen: Founder, his house

› His last-minute $17,000 saves day
 Klystrons, NMR, accelerators
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Varian Associates 1948
 Hansen: Founder, his house

› His last-minute $17,000 saves day
 Klystrons, NMR, accelerators
 1st in Stanford Industrial Park

› Varian’s idea: Close to Stanford
› Terman recognizes the value
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Mark Series Accelerators 1947-54

Prototype for Proj. M
two-mile LINAC

(2) 20 MW klystrons  80 MeV  20 ft.Mark IV 1954

Nuclear research(20) 20 MW klystrons730 MeV 214 ft.Mark III 1952
Prototype Mark III20 MW klystron 49 MeV  10 ft.Mark II 1951

Loaded waveguide
electron LINAC

0.9 MW magnetron   6 MeV  12 ft.Mark I 1947

http://www.slac.stanford.edu/history/mark.shtml 
http://www.slac.stanford.edu/history/pubs/MARKtable.pdf 32



Megawatt Klystrons 1949
 Ginzton and Chodorow

› Ginzton UK trip 1944: Visualizes megawatt klystron
› First demonstration before Hansen’s death

• 20 kW to 20 MW in one step
› Coherent radar & accelerators

Ginzton’s Notes re CV-150 Chodorow holds CV-150 by Mark III Klystron
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SLAC Timeline

X-ray sourceFree electron laserLINACLCLS 2009

e-e+ collider ring+ PEP-II ‘98 & BaBar29 Gev 1.4 mi.PEP 1980
e-e+ linear collidere-e+ LINAC91 Gev 2 mi.SLC 1987

Radiation sourceSynchrotron ringSPEARSSRL 1974
e-e+ collider ringJ/Psi 1974; Tau 19763 GeV  250 ft.SPEAR 1972

Electron LINAC(240) 24 MW klystrons20 GeV  2 mi.SLAC 1966

http://www.slac.stanford.edu/pubs/slacreports/reports04/slac-r-062.pdf 
http://www.slac.stanford.edu/gen/grad/GradHandbook/slac.html 
http://slac50.slac.stanford.edu/interactive-timeline.asp34



Stanford Physics Nobels by 1995
 Felix Bloch 1952
 Robert Hofstadter 1961
 Burton Richter 1976
 Richard Taylor 1990
 Martin Perl 1995

Taylor  Osheroff  Richter  Perl
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Stanford Microwave Companies

Huggins
Stewart
MEC
Watkins-Johnson
GE Microwave
Varian
Litton
Eimac

California MicrowaveApplied Technology
HP AssociatesGranger
AvantekDalmo Victor
AELESL
Western MicrowaveZenith
Fairchild MicrowaveAdmiral
FarinonSylvania EDL
Microwave Eng. LabsLockheed MSD

Tubes EW Solid State
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