
April 7, 1953 w. w. SALISBURY 2,634,372 
SUPER HIGH-FREQUENCY ELECTROMAGNETIC WAVE GENERATOR 

Filed Oct. 26, 1949 

FIG. I. 

FIG. 2. 

A? 

Sumter 
‘ ,2 ‘ W/A/F/ELD I”. SALISBURY 



Patented Apr. 7, 1,953 2,634,372 

UNITED STATES PATENT OFFICE 
2,634,372 

SUPER HIGH-FREQUENCY ELECTROMAG 
NETIC WAVE GENERATOR 

Win?eld W. Salisbury, Cedar Rapids, Iowa, as 
signor to Collins Radio Company, Cedar Rapids, 
Iowa, a corporation of Iowa 

Application October 26, 1949, Serial No. 123.597 

(Cl. ZED-36) 12 Claims. 
1 

This invention relates to electromagnetic wave 
generators, and more particularly to generators 
of the type employing interaction between an 
electron beam and electromagnetic field lines 
through which the beam passes. 
A principal object of the invention is to pro 

vide a novel genertaor for electromagnetic waves 
of super high frequency, for example those of 
the order of a millimeter or less in wavelength. 
Another object is to provide a novel generator 

of monochromatic or homogeneous radiation. 
Another object is to provide a super high fre 

quency electromagnetic wave generator employ 
ing an electron beam and a cooperating device 
for setting up standing electromagnetic wave 
patterns transversely of the beam. 
A feature of the invention relates to the com 

bination of a diffraction grating and a wave re 
fiector for setting up standing electromagnetic 
wave patterns, and a source for producing and 
projecting an electron beam through said pat 
tern to generate any desired monochromatic ra 
diation. 
Another feature relates to an electron discharge 

device having means to develop an electron beam 
of predetermined electron velocity, and a dif 
fraction grating and wave re?ector unit for set 
ting up standing electromagnetic waves trans 
verse to the beam trajectory to generate mono 
chronmatic radiation. 
Another feature relates to a monochromatic 

radiation generator employing means to develop 
an electron beam of predetermined electron ve 
locity, and a unit excited by said beam and in 
the form of a di?raction grating and wave re 
?ector to set up standing waves transverse to 
the beam trajectory, together with means for 
adjusting the trajectory angle of the beam with 
respect to the standing wave pattern to control 
the frequency of the desired monochromatic ra 
diation. 
A still further feature relates to the novel 

organization, arrangement and relative location 
of parts which cooperate to provide an improved 
monochromatic generator of radiations of the 
order of one millimeter or less. 
Other features and advantages not particu 

larly enumerated, will be apparent after a con 
sideration of the following detailed description 
and the appended claims. 
In the drawing, 
Fig. 1 is a composite structural and schematic 

circuit diagram of a radiation generator accord 
ing to the invention. 

Fig. 2 is a simpli?ed schematic showing of 
Fig. 1. 
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Figs. 3 and 4 are magni?ed views of part of 
Fig. 1 explanatory of the invention. 

There has been a great demand in certain 
?elds of the radiation art, for an arrangement 
which can be used to generate homogeneous or 
monochromatic waves of super high frequency, 
for example in the range of one millimeter or 
less wavelength. The present invention provides 
such an arrangement and is predicated upon the 
interaction which takes place between a beam of 
electrons of predetermined velocity and trajec 
tory, with respect to a standing electromagnetic 
wave pattern set up in the space through which 
the electron beam passes. In accordance with 
one feature of the invention, the desired stand~ 
ing wave pattern is produced by a diffraction 
grating and a cooperating Wave re?ector. 

It is a well-known physical phenomenon that 
when a diffraction grating is excited in any of 
the well-known ways, for example by electro 
magnetic waves, each aperture or inter-line spac 
ing in the grating acts in the nature of a minute 
energy radiation source, for example of electro 
magnetic waves. If the wave front of the excit 
ing waves is parallel to the plane of the grating 
openings, then each opening may be considered 
as a separate wave source, with all the radia 
tions from the several openings in like phase. 
If, however, a wave re?ector is positioned at 
an angle with respect to the grating, there will 
be set up in the region between the grating and 
the re?ector a standing wave pattern. Advan 
tage is taken of this fact, by the present inven 
tion, to produce the desired monochromatic or 
homogeneous radiation. Thus the angle between 
the reflector and grating determines the fre 
quency which will be re?ected. A different fre 
quency is obtained for each angular setting of 
the re?ector. 

Referring to Fig. 1, the numeral I represents 
any suitable enclosing bulb or envelope of glass 
or similar material which can be highly evacu 
ated. Mounted within the bulb adjacent one 
end thereof, is an electron gun 2 of any construc 
tion well-known in the cathode-ray tube art. 
This gun may comprise, for example, an electron 
emitting cathode 3, with its indirect heater ele 
ment 4 for heating the cathode to thermionic 
emitting temperature; a ?rst beam-focussing and 
accelerating anode 5; a second beam-accelerating 
and focussing anode 6; and a cooperating elec 
tron collector electrode 1. Located between the 
gun 2 and collector 1, is a set of beam de?ector 
plates 8. 9. Located between the de?ector plates 
and the collector electrode '1, is a device It for 
setting up a standing wave pattern through which 
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the electron beam passes on its way to the col 
lector. 

In accordance with the invention, the device I0 
comprises a diifraction grating II of any con 
struction well-known in the optical art, and con 
sisting of a multiplicity of spaced fine lines which 
are opaque to waves of the excitation frequency, 
and with the inter-line spaces transparent to 
such waves. For example, it may consist of a glass 
plate I2 on the planar surface of which there 
are provided the spaced electrically-conductive 
lines I3. The number of these lines per unit 
length of the plate I2, and the width of each 
line as well as the spacing between the lines 
should be chosen in accordance with the desired 
range of the output radiation frequency that is 
desired from the device. For example, 10,000 
lines per centimeter may be used to give an inter 
line spacing of .001 millimeter. The diffraction 
grating II is mounted so that the lines I3 extend 
transversely across the trajectory of the elec 
tron beam, and the de?ector plates 8 and 9 are 
arranged so as to control the beam trajectory in 
a plane perpendicular to the plane of the dif 
fraction grating. 
Mounted in spaced relation to the grating I I is 

a wave re?ector I4 which may consist of a hat 
metal plate having a highly polished surface fac 
ing the diffraction grating ll, that is to say it is 
in the form of a mirror which has the property 
of re?ecting the incident electromagnetic waves 
generated by the grating. 
There is shown in Fig. 3, in magni?ed form, a 

portion of the grating and the re?ector I6, show 
ing how the standing wave pattern is set up be~ 
tween the grating openings and the reflector. 
When the grating is excited, the re?ector it will 
be tuned by its angular position so as to re?ect 
only one wavelength from the grating. This 
phenomena is well-known to the optics ?eld. 
For example, the position of lines in an absorp 
tion spectrum may be obtained by allowing one 
of the lines to impinge on a diffraction grating, 
and noting the angle where the refraction from 
the grating is obtained. This is a well-known 
procedure for obtaining the wavelength of a 
particular visible radiation. Similarly in the 
present invention, the angle of the re?ector 
picks up one wavelength from the diffraction 
grating and reinforces it, to obtain a standing 
wave pattern between the grating and the re?ec 
tor. The electron beam which passes trans 
versely through the standing wave pattern inter 
acts with the electromagnetic wave produced 
by the grating, and increases its energy. ‘Thus 
Fig. 3 shows the amplitude of the standing waves 
in the absence of the electron beam, and Fig. 4 
shows the amplitude of the standing waves in 
the presence of the electron beam. The frequency 
of the standing wave between the re?ector and 
the grating therefore does not change for a par 
ticular setting of the reflector. The electron beam 
passing therethrough, merely increases the am 
plitude of the standing wave pattern, or saying 
the same thing, it merely increases the energy 
contained in the standing wave. As the stand 
ing wave and the beam interact, the direct cur 
rent beam of electrons which are passing through, 
tend to group or “bunch,” as they say in the 
magnetron ?eld, and this invention is of the na 
ture of a very high frequency parallel plane mag 
netron. The energy is taken off by the pickoif 
II, or by an energy receiver in the space between 
member II and member ‘I, and the energy in 
increases directly as the velocity of the electron 
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beam increases. In other words, by adjusting the 
positive potential of the electrode ‘I, or in any 
other way adjusting the velocity of the electrons 
in the beam IS, the amount of energy that can 
be picked up by the device I'I can likewise be 
controlled. 
Thus for the dimensions of the grating lines 

and spaces as given above, the electrodes of the 
electron gun and the electrode ‘I can be energized 
to produce a beam having electrons with an 
electron velocity of 50 kilovolts, and with the 
re?ector I4 inclined at an angle of 20 degrees 
with respect to the plane of the grating to gen 
erate radiation frequencies of the order of 5,000 
Angstrom units wavelength. It will be under 
stood, of course, that in order to control the 
frequency of the generated monochromatic or 
homogeneous radiation, the angle between the 
re?ector I4 and the diffraction grating can be 
adjustable. For example, the reflector I4 may be 
pivotally supported by a suitable member IB from 
a wall of the envelope I, and one end of the plate 
I4 may be urged upwardly by an appropriate 
spring I9, while the opposite end of the plate 
can be biased by means of a suitable electro 
magnet 20- external of the envelope. For this 
latter purpose, the plate I4 may be of magnetic 
material, or it may carry at its right~hand end 
a magnetic member which cooperates with the 
electromagnet 20. 
The magnet 20, therefore, may be used as a 

means for modulating the frequency of the gen 
erated monochromatic radiation merely by apply 
ing corresponding varying excitations to the 
winding of the magnet 20. 
The grating II does not require any exter 

nal excitation source in order to initiate the 
action of the tube. Since the grating H is 
always at some temperature above absolute zero, 
there is enough energy radiated from it to initiate 
the operation of the tube as an oscillation genera 
tor when the cathode 3 is in operation and when 
the appropriate potentials are applied to the 
several electrodes as above described. However, 
it will be understood that if desired, the grating 
II may be excited by an external source of elec 
tromagnetic waves of any known type, the wave 
length of which is correlated with the inter-lined 
spacing of the grating lines as is well-known in 
the diffraction grating art. 
While certain embodiments have been described 

herein, it will be understood that various changes 
and modi?cations can be made without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. Super high frequency radiation generating 

apparatus, comprising means to develop a beam 
of electrons, means including a diifraction grating 
to set up a standing electromagnetic wave pat 
tern through which the beam passes to produce 
a high frequency radiation controlled by the in 
teraction between the beam and said pattern. 

2. Super high frequency generating apparatus. 
comprising means to develop a beam of electrons, 
means including a diffraction grating and a co 
operating Wave re?ector to set up a standing 
electromagnetic wave pattern through which the 
beam passes to produce a predetermined radia 
tion frequency. 

3. Super high frequency radiation apparatus, 
comprising means to develop a beam of electrons, 
a diffraction grating and a cooperating wave 
re?ector for setting up a standing electromag 
netic wave pattern through which the beam 
passes, and means to adjust the angular relation 
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between said grating and re?ector to control the 
frequency of the generated radiation. 

4. Super high frequency apparatus, comprising 
an evacuated enclosing envelope, an electron gun 
for developing a beam of electrons, an electron 
collector, and a device located between said gun 
and electrode for setting up a standing wave pat 
tern through which the beam passes, said device 
including a diffraction grating. 

5. Super high frequency apparatus, comprising 
an evacuated enclosing envelope, an electron gun 
for developing a beam of electrons, an electron 
collector electrode, and a device located between 
said gun and electrode for setting up a standing 
wave pattern through which the beam passes, 
said device including a diffraction grating, and a 
cooperating wave reflector. 

6. The method of generating homogeneous 
electromagnetic wave radiation, which comprises 
developing an electron beam, setting up a stand 
ing electromagnetic wave pattern under control 
of a series of separate wave sources and a com 
mon wave re?ector displaced along the beam tra 
Jectory, and controlling the angular relation be 
tween said sources and re?ector to determine the 
radiation frequency, said pattern being set up by 
interaction between a diffraction grating and a 
wave re?ector. 

'7. The method of generating homogeneous 
electromagnetic wave radiation, which comprises 
developing an electron beam. setting up a stand 
ing electromagnetic wave pattern under control 
of a series of separate wave sources and a com 
mon wave re?ector displaced along the beam tra 
jectory, and controlling the angular relation be— 
tween said sources and re?ector to determine the 
radiation frequency, the frequency of the radia 
tion being controlled by adjusting the angular 
relation between a diffraction grating and a coop 
erating re?ector between which the electron beam 
passes. 

8. The method of generating homogeneous 
radiation, comprising developing a beam of elec 
trons, exciting a di?raction grating by the elec 
tromagnetic waves from said beam to set up a 
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standing wave pattern along said grating, pass 
ing said beam through said pattern, and adjust 
ing said pattern in accordance with the desired 
radiation frequency. 

9. The method according to claim 8, in which 
the standing Wave pattern is set up between said 
diffraction grating and a cooperating wave re 
?-ector. 

10. A super high frequency tube, comprising an 
evacuated envelope, said envelope containing an 
electron gun, an electron collector electrode, a 
diffraction grating extending parallel to the elec 
tron beam between the gun and collector, a re 
?ector member cooperating with said diffraction 
grating to set up therebetween a predetermined 
standing wave pattern, and means within the 
envelope to conduct the generated radiation to a 
point external of the envelope. 

11. A tube according to claim 10, in which 
means are provided to control the frequency of 
the standing waves. 

12. A tube according to claim 10, in which said 
re?ector is mounted in angular spaced relation 
with respect to said grating, and means are pro 
vided for adjusting the said angular relation and 
thereby to determine the frequency of the gen 
erated radiation. 

WINFIELD W. SALISBURY. 
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