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Microwaves Frequencies:
f=0.3 GHz-300 GHz
(corresponding to free space wavelengths of 100 cm-1 mm)

Electromagnetic Spectrum
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“The conjectures relating cancer

to power line fields have not been
scientifically substantiated.”

( http://www.aps.org/statements/index.cfm )
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Todey's combat aircraft empioy st least five or | Earth stations of every size and shape are There are thousands of terrestrial microwave
8ix major electronic systems, most of which " built around microwave technology. Each one relay systems in operation today—esch of
incorporale microwave components. defense L loyil b incorporates many different microwave which uses microwave components and

rsh doyi i d o products. systems.
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“University Training of Tube Engineersin the US and broad,

plenary paper presented at I VEC, 2006 by
Dr. G. Caryotakis, Head, Klystron Department, SLAC

University Training in Vacuum Electronics (Europe a nd Asia)
Japan Germany | France UK China Korea | Taiwan | India Russia Israel
Are Vacuum YES YES NO
Electronics (as part of U of Graduate YES YES YES YES YES YES YES
courses offered? plasma Karlsruhe Courses
science)
Practical training
university SOME EXP. YES No YES YES YES YES YES YES SOME
facilities? FACILITIES
Few
Adequate Thales at Ulm.| industrial
employment? NO But most go jobs SOME YES YES YES Low salaries |FEW IN MW
to Solid State | Research INDUSTRY
labs
Interaction with SOME Only via
industry? INTERACTION | professional No YES YES YES YES Somewhat “LOW
Societies LEVEL "
How many PhD 10 5 2 5 30-50 4 1 5 10 5
degrees last year?
Overall rank
(Highly 7 9 10 8 1 2 3 5 6 4
subjective)

Survey Results —Countries in Order of Descending GD P




Principle of the Electron Cyclotron Maser
— a Relativistic Bunching Mechanism
gain energy,

rotate slower\
..o-oilhooo...\ .
eB v L)
o =S4 _| & azimuthal

Coymz o i bunching 3
“seqpess”/ © w 0 ;
lose energ TR S
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ul : \Electron dynamics in a 37 GHz,
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0 TE,; mode gyrotron oscillator



Shape and Dimension Comparison of
30 GHz Traveling-Wave Amplifier Circuits

helix-TWT
NNV VVIVAVAVAVAA 10.8 mm

coupled-cavity TWT

TE;; mode gyro-TWT

A \|
\ J |

3.7 mn

6.0 mm




Sgnificance of ECM-Based Devices

one photon multiple photon o tiple photon
per excitation, Per €lectron, — nor oy citation,
large interaction large interaction jniaraction space
space space ﬂ ~ wavelength

% ECM Dewces

S 10°

o 10 Lasers Conventional

& 1 Microwave

3 10 Tubes

E -2 10 -1

Wavelength (mm)



ECM-Based Devices (Gyrotrons)

& _-Interaction structure
\/ / < < .‘
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Electron ’ Electron
gun beam
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>B Magnetic field
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Types of ECM-Based Devices

Phase control

: Reviews
Broad bandwidth of
High-resolution space I\Pﬂ:dt?:l;
radar ysi
P h ase CO ntro I Gyrotron traveling-wave tube amplifier
Narrow bandwidth
. . NI
Particle acceleration R—— h
Space radar e
A e
ngh average power Gyrom::o:t:eon oscillator
Fusion plasma heating o3 TR,
. . N —NL Y
I n d U Str I al p rOCESS| n g Gyrotron backward-wave oscillator

Continuous frequency
tunability
Not yet exploited
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Gyroklystron and Applications

94 GHz, 100 kKW GyroklystronW'band Advanced Radar for Low
US Naval Research Laboratory?Servable Control (WARLOC)

Radar image of cloud from
the WARLOC




A MW Gyromonotron Oscillator

=

depressed ,_IJAJ
collector(SDC)‘“““i* ;

| & 165 GHz, Tk, ;ymode,
e \;‘:ﬁ? ] 2.2 MW coaxial

output window \ﬁﬁ Et :
rf-beam «— ? phase correcting mirrors
_ _ r&?//__ﬁ launcher with cut germonOtrOn f0|
Rrstigtion = cavity with tapered and

of the body corrugated insert fUSIOn plasma heatlng

, beam tunnel

| E—J/ electron gun with
&7+, coaxial insert

~ sc-magnet (B < 6.6T)

with dipole coils

tl |

B. A. Piosczyket al., |[EEE Trans.
Plasma Sci. 30, 819 (2002).

- . - ’ 1 1
rf-beam *



Application of W-band Gyromonotrons
— Active Denial Technology (ADT)

| nfrared image of Vehicle-mounted
silhouette tar gets ADT concept



Application of THz Gyromonotrons
— materials characterization, plasma
Imaging, medical diagnosis, etc.
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Research entér for De\}elopment of Far-Infrareddteg
University of Fukul, Japan
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(1 eV = 12,000 Degrees K)

0.02 MeV 0.02 MeV

investment
0.04 MeV

Return
17.6 MeV

Paybachk
About 480:1




SIS B R T ITER
(International Thermonuclear
Experimental Reactor )

A R 3
~ s H[ ~ B
5T 1501 A
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I TERRAY L 12 25

(24) 1 MW, 170 GHz Gyrotrons (EU, JA, RF)

170GHz gysoirons

(24) DC Power Supplies (not shown) (US)

3) 1 MW, 120 GHz Gyrotrons (US)

W

T 120 GHE (entnne
_._.__-l—'"_.

Transmission Lines (US) - nasgu

Equatorial Launcher (JA)

(3) Upper Launchers (EUj“é_ _

* R. Vernon et al., in the 16th ANS Meeting on the Technology of Fusion Enrgy, Madison, Wisconsin, 2004
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(%EVHEITrimbIe Navigation)

Peter H. Dana 5127198
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Three satellites
can locate a ,-"Erﬁ,r.'

point in three &0
dimensional space

Two measurameants
put us somewhere
an this circle
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(ZVH7E I'Trimble Navigation)



A fourth
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