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1. Claim. (C. 333-31) 

This invention relates to microwave linear electron ac 
celerators. In such accelerators, for a given RF power 
input, the electron beam current may theoretically be in 
creased at the expense of electron beam energy. in prac 
tice, however, the maximum theoretical current has not 
been achieved and the electron beam current has been 
limited by a phenomenon which has been designated 
"beam blow-up.' The object of the invention is to prevent 
beam blow-up by appropriate modification of the ac 
celerating waveguide structure. 

In a typical microwave linear electron accelerator the 
TM1 mode of round wave guide is used to accelerate 
the electrons. believe that beam blow-up is caused by 
lateral deflection of electrons in the beam by the RF field 
in other modes, particularly TM modes. More specifical 
ly, I believe that beam blow-up is caused by the accelerator 
oscillating as a backward wave oscillator of the transverse 
type in the TM110 mode. The TM110 mode is a likely 
cause of beam blow-up because it is one of the first higher 
modes to be found: in a 2600 megacycle accelerator the 
TM11 mode will fall in the 4000-5000 megacycle range. 
Moreover, the TM1 mode provides a field for deflecting 
the beam, since it is a transverse-H mode. Again, the 
TM110 mode has a longitudinal E field and can in principle 
extract energy from the beam. And, finally, it is a back 
ward wave and hence subject to backward wave oscilla 
tions. 

This mode has two planes of polarization. In accord 
ance with the invention, by spoiling the axial symmetry 
of the usual accelerator structure, the polarization de 
generacy is removed. Axial symmetry is spoiled by treat 
ing alternate cavities oppositely, so as to decouple suc 
cessive cavities as far as the TM110 mode is concerned. 
This mode now has two separate resonant frequencies, 
but the important thing is that the group velocity for this 
mode is reduced practically to zero, which thus impairs 
the backward wave oscillations or prevents them. Any 
thing which spoils the axial symmetry will have an effect 
on deflection-type mechanisms of any sort. 

In another modification of the invention, alternate suc 
cessive cavities of the accelerator structure are detuned for 
the TM110 mode while leaving the TM010 mode unper 
turbed. 

Both embodiments of the invention achieve the same 
objective: namely, to detune successive cavities for those 
modes which by symmetry would normally be coupled. 

In still another modification of the invention, absorb 
ing material is used to preferentially damp out the un 
desired mode. Currents in the TM10 or electron-ac 
celerating mode are all radial in the disks of the Wave 
guide, while the TM110 mode has angular currents. Thus, 
in accordance with the invention, I provide resistive ma 
terial in radial slots in at least some of the disks to 
preferentially damp out the undesired TM110 mode while 
leaving the desired TM1 mode relatively unaffected. 
The invention may best be understood from the fol 

lowing detailed description thereof having reference to 
the accompanying drawings in which: 
FiG. 1 is a somewhat diagrammatic view partly in 

side elevation and partly in longitudinal central section 
of an iris-loaded waveguide for a microwave linear ac 
celerator incorporating one embodiment of the invention; 

FIG. 2 is a view along the line 2-2 of FIG. 1; 
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2 
F.G. 3 is a view along the line 3-3 of FIG. 1; 
FIG. 4 is a view similar to that of FIG. 1 and showing 

a second embodiment of the invention; 
F.G. 5 is a view along the line 5-5 of FIG. 4; 
FIG. 6 is a view similar to that of FIG. 1 showing a 

third embodiment of the invention; 
FIG. 7 is a view along the line 7-7 of FIG. 6; 
FIG. 8 is a view similar to that of FIG. 1 showing a 

fourth embodiment of the invention; 
FIG. 9 is a view along the line 9-9 of FIG. 8; 
FIG. 10 is a view similar to that of FIG. 1 showing a 

fifth embodiment of the invention; and 
FIG. 11 is a view along the line 1-11 of FIG. 10. 
Referring to the drawings and first to FIGS. 1, 2 and 3 

thereof, therein is shown one structure in which alternate 
cavities of an iris-loaded waveguide are treated oppositely. 
All the cavities of the iris-loaded waveguide 1 shown in 
FIG. 1 are of elliptical cross-section, but the orientation 
of these ellipses alternates from one cavity to the next. 
The effect is to spoil the propagation of the unwanted 
mode without spoiling the propagation in the fundamental 
mode which is the mode used in microwave linear ac 
celerators for electron acceleration. Since all of the un 
wanted modes have polarization, it is possible to detune 
successive cavities for the undesired modes but not detune 
thern for the desired modes. 
The embodiment of the invention shown in FIGS. 1, 2 

and 3 involves certain practical constructional difficulties 
and in general it will be better to keep the circular geom 
etry of the conventional accelerating waveguide and spoil 
the axial symmetry by inserting conductive slugs on one 
or both sides of the disks. Thus, referring to FIGS. 4 
and 5, every other disk 2 has a metal slug 3 brazed solidly 
onto the disk 2 or otherwise made integral with the struc 
ture of the disk 2. As shown in FIGS. 4 and 5, two slugs 
3 may be used and preferably are placed at the point of 
least tuning for the proper mode or electron accelerating 
mode for precision purposes. Two slugs 3 are preferable 
to one slug, since the asymmetry introduced in the desired 
mode by a single slug might cause undesirable effects on 
the electron beam. The intervening disks 4 are similarly 
provided each with two conductive slugs 5. These slugs 
however are displaced 90° with respect to the slugs 3. 
As indicated hereinbefore in another modification of 

the invention, alternate successive cavities are detuned for 
the unwanted mode while leaving the Wanted mode un 
perturbed. Referring to FIGS. 6 and 7, every other disk 
6 is provided with four conductive slugs 7 which are 
placed at the zero tuning of the wanted mode which in the 
case of the TMoio mode is at a point about half way out 
along the radius. Zero tuning results when the effect on 
resonant frequency of the slug material in the electric 
field regions balances the effect on resonant frequency of 
the slug material in the magnetic-field regions. Unlike 
the embodiment shown in FIGS. 4 and 5 in the embodi 
ment of FIGS. 6 and 7, the arrangement of the slugs 7 on 
the disks 6 may show axial symmetry, but in this case it 
is necessary that the intervening disks 8 have no such 
conductive slugs. The number of slugs is not important 
and indeed as shown in the embodiment of FIGS. 8 and 
9, the slugs may be replaced by a conductive ring 9 placed 
at the zero tuning of the wanted mode on alternate disks 
10, the intervening disks a being of the conventional type 
without any protuberancy on its surface which forms the 
boundary of the cavities. 
As previously pointed out, where as is usually the case, 

the currents in the wanted mode are all radial in the disks 
while the unwanted mode has angular currents, the ar 
rangement shown in FIGS. 10 and 11 may be employed. 
Referring thereto, some or all of the disks 12 are pro 
vided with resistive material 3 arranged in radial slots 
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This resistive material 13 will absorb energy from the 
angular currents of the unwanted mode but will not ab 
sorb energy from the radial currents in the wanted mode. 

Having thus described the principles of the invention 
together with several illustrative embodiments thereof, it 
is clearly to be understood that although specific terms 
are employed, they are used in a generic and descriptive 
sense and not for purposes of limitation, the scope of 
the invention being set forth in the following claim. 

I claim: 
An iris-loaded waveguide adapted to propagate an 

electromagnetic wave including the TMoto mode for use in 
a microwave linear accelerator, which iris-loaded wave 
guide includes a multiplicity of cavities, a first group of 
said cavities having an elliptical cross-section with coin 
mon orientation and a second group of said cavities having 
an elliptical cross-section with common orientation differ 
ent from that of said first group, the cavities of said sec 
ond group being interspersed between the cavities of said 
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first group, said first and second groups of cavities being 
adapted to detune said waveguide for extraneous modes 
of said electromagnetic wave which by symmetry would 
normally be coupled while having substantially no effect 
upon the TM10 mode of said electromagnetic wave. 
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