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& a part of the Columbia Univ&ity
Rad%a%ion Laboratory program for the generation
of tillimter waves the Cerenkov effect is being
used to produae microwave radiation. The fra-
quency range of interest in this project is in
the submillimet.er region in as much as the long-
er wavelengths can be generated by conventional
methods. I shall fh%st describe briefly the pro-
perties of Cerenkov radiation and then report on
results obtained to date and on the program
planned for the immediate future.

An electron moving through a refractive
medium with a velocity greater then the phase
velocity of light in that redlam emits radia-
tion with a continuous spectrum. The etitted
radiation isverywea.kl and because it is pro-
portional to l/~it is much too small in the mi-
crowave region to be useful even when high cur-
rent electron beams are emplOy.ad. If one uses a
bunched electron-beam not only is the Padtated
power greatly increased but the radiated spec-
trumnow is a line speotrum consisting of the
bunching frequency end its harmonics. It is
actually not necessary that the electrons pass
through the med%um. It ie sufficient that the
beamba located at a small distance from the
dielectric. The results of a calculation for a
two dimensional flat geometry as shown in
Figure 1 are as follows: Let the charge density
in a beambe given by
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Figure 1. Flat beam over dielectric.

dielectric conetan% of the medium be ~ . Then
the time average of the component of the Poyn-
ting vector normal to the beam, Sn , is given

(3)

(51
where N is the number of electrons In the tit
charge. If I is expressed in ma/cmt the nwmeri-
cal value of So is

so = l~~W/cm2 (5’)
Let ua examine expression (2). The factor exp
( - ~ ~d/’~ ) is universal for any arrangement in
which the at-energy contained :in an electron beam
is extracted. It describes the well known dif’fi-
culty in millimeter tubes$ where the distance be-
tween beam and stracture has to be kept very small
compared to the wavelength. It may be mentioned
that f~r 10 Kev electrons %?% %3 60. The facrbor
(1=) is just the ao+omponent of the beam.
Therefore the factor ~e~ oan be inter~ete~
as the-intrinsic interaction impedance between
the beam and rad.i.atizm f~elcl; %n other words~
the radiat%ve resistance for Cerenkov radkation.
For the ?302 the dielectric constsmt a = MJCl$
so that Soq @Xlsne The conclusion one has to
draw from %his 1s that %t does not. pay to use
Cerenkov radiation for microwave generation at
wavelengths where other structures are pvssible,
such as helixes e%c. ~ywhere the dfffieflties
in Mldlng such structures are very great aa ~n
subrrrillimeter reglon$ nmy the Cerenkov md%ation
star% to become advantageous. T&me 3s no d&ffi-
culty in obtaining suitable materials for the
dielectric. For example$ TiO~ is known to main-
tain its dielectric. properties up to the long
wavelength infrared,

An e~loratim expwiment has been mxwled
out with an apparaima wlxtah %s shown schexmxki-
cally in Figure 2. A flat electron beam is

formed and passes through a klys%rontype bench-

ing cavity. After am amo~iah drlf’tlng time ~
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Figure 2. Experimental arrangement.

density bunches are formed and the beam passes
over *he dielectric at a close distanoe. The
emitted radiation psses through the quarter wave
matching plate and is collected by a horn. with
this set-up radiation of roughly \ 0-1 W was o~
tained. The beam current was O.@, the beam
width @m, the length over the dielectric 1.7cm;
the klystron was squsrewave modulated at 6 kc/s;
and the beam was switched on and off at a rate of
20 c/s. The 6kc modulation was employed to
enable the use of a narrow band 6 kc amplifier
system; by switching the beam on and off it was
possible to distinguish between leakage and ra-
d%ation associated with the electron beam. In-
serting in (2) the value d = 0.3 mm end the
other values as given above, one obtains a theo-
retical pcwer output of the same order of magni-
tude.

It seems to be clear that it will not be
possible to increase the power output greatly
without increasing the current density of the
electron beam appreciably. ~Ixi order to do that,
magnetic focussing will have to be employed.
Therefore a new experiment. is plamed with the
following general features:

a. focussing of the beam by a homoge-
neous magnetic field *of the order of
ld gaus~,

b. current density of the
and

c. beam dimensions of 3mm
mm thickness, giving a
of 30 rl&

beam 10A/cm2

width and O.~
beam current

With a bunching frequency corresponding to 1 cn
radiation, ft is hoped that a power of \O-7W
can be obtained for ~e Imrn,. The main problem
here, besides alignment difficulties, is the-7
sharpness of the bunches. The estimate of 10 W
has been obtained under the assumption that the
harmonics contained in the beam decrease in
power by a factor of 3 per harmonic. This
assumption is baeed on the exp rimental obser-
vation of magnetron hsrmonic13 5 where the
radiated harmonic power of a magnetron depends
on the product of the harmonic content of the
electron stream and the efficiency o! coupling
between the electron stream and the structure
at the harmonic frequency. S:Lnce the coffpling
efficiency decreases with frequency by a fac-
tor analagous to the expimential. in (2), the
above mentioned experimental result means that
bunching in the electron etreamin the magne-
tron is such that the harmon?m?s do not decrease
bymcre than a factor of three per harmonic.
In aoy case, the theoretical !hermcnic content of
a bunched beam, neglecting space charge effects
is much higher than the above estimate and on
this basis one would expect a much greater po-
wer output at submillimeter frequencies than
the value quoted above.

In conclusion, it seems reasonable to ex-
pect that t~e brute force method outlined a-
bove will yield at least enough submillimeter
power for the purposes of spectroscopy.
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