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MODERN DEVELOPMENTS OF THE
MICROTRON

A review of the principal results obtained in
the study and development of the high-current
microtron is presented. At present the develop-
ment of the microtron has left the primary stage
when the accelerator itself was the major object
of investigations. Now, after a number of ma-
chines for different purposes have been success-
fully built, time has come to examine the possi-
bilities that this type of accelerator opens for
research and the trends that will develop in the
future years. Before passing to the description
of modern achievements in this field we will re-
mind the basic principles of the microtron and
surfey the innovations that have led to new de-
velopments of this accelerator.

The idea of the electron cyclotron, later called
the microtron was proposed in 1944 by Veksler
in his very first paper on the principle of phase
stability (1). In the microtron electrons are acce-
lerated by an alternating electric field of a cons
tant frequency in a uniform and constant ma-
gnetic field. In the vacuum chamber the electrons
move along circles having a common tangent
point. At this point the accelerating resonator
is placed. On each passage through the accele-
rating cavity the electrons obtain a certain
amount of energy and pass to the next circle, or
orbit. Synchronism of the electrons and of the
accelerating field is maintained by making each
next turn longer than the previous one by just
one period' of the high-frequency field T. The
time of revolution in a magnetic field of a relati-
vistic particle is proportional to its total energy
E, t = 2rE/eHc and so the condition of synchro-
nism for a microtron may be expressed by the
correspondence between the energy gain A E and
the increase in the time of revolution At =
=2n A E/eHc = T. It is convenient to transform
this expression to a ratio introducing the parame-

! Other modes in which the difference may be 2 or 3 T.a.re
possible, but they have a smaller range of phase stability
and do not find general use.

ter Q that is basic for the description of a micro-
tron. @ = AE/E.= H/H, where E.=m.c’ is ths
rest energy of the electron, H. = 2xE./eh is the
cyclotron magnetic field for the operating wave
length A.

Q is the principal parameter of the accelerator
and its main properties, energy, and current li-
mit are dependent on this quantity. In a mi-
crotron @ is of the order of unity, so in each
passage through the resonator the energy gain
of the particle is approximately equal to its rest
energy. This is the basic difference of the mi-
crotron from all other phase-stable cyclic acce-
lerators such as synchrotrons and synchro-cyclo-
trons in which the energy gain per revolution is
much less than the energy of the particle and
can usually be considered to be a small quantity
in the theoretical treatment. The main conse-
quence of this, from an experimental point of
view, is that the electric field in the cavity is
comparable to the guiding magnetic field. For
electrons E. = 511 keV the realisation of such an
energy gain per turn is the main difficulty in
constructing a microtron. This leads to high
fields and high powers in the cavity that can be
obtained only through the use of modern high-
power microwave devices. On the other hand,
the theory of the microtron is dependent on nu-
merical methods for the exact solution of the
equation of motion because one cannot treat the
electric field and the energy gain per turn as a
small quantity in calculations. It is obvious that
in the present form of the microtron it is not
possible to accelerate heavy particles because
their rest energy is to large, although an attempt
to modify the microtron for accelerating protons
has been examined in some detail (2). In the
proposed proton microtron the necessary tole-
rances of the magnetic field and very high energy
gains per turn led to difficulties that are not
easily surmountable using modern techniques.
This work (2) and others (3) have led to an idea
of modifying the magnetic field of the microtron
by introducing edge focusing and field free areas.
The edge focusing magnet has been successfully
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used on a small electron microtron which we will
discuss later (4).

In a microtron after N passages through the
resonator the energy of the eclectron that is
moving at an equilibrium phase will be

Ex=NQE, + E

where E: is the injection energy. For initial
synchronism the injection energy must be cho-
sen so as to make the first orbit an integer num-
ber of accelerating periods long.

We will not examine in detail the phase mo-
tion in the microtron but will only note that
the stable phases occupy a narrow region be-
tween 0 and 32° (g ~cos ¢). There is no appre-
ciable radiation damping of the phase motion
in the microtron. The angular phase volume is
conserved during the process of acceleration lea-
ding to a slight spread of the accelerated beam
energy 3 E independent of the number of orbits.

The small range of acceptable phases leads to
difficulties with the injection of particles into the
microtron. Earlier in the microtron. toroidal ca-
vities were used. The injection of electrons was
by field emission from the edges of the accele-
rating gap and in this case the injection energy
Ei=o0. The accelerator operated at =1 (or
Q =) and the energy of the beam was a muitiple
of the rest energy Ex= NE.. With this type of
injection the capture of electrons per accelerating
phases was difficult to control, the focusing of
the beam was poor, and so the current and effi-
ciency of the macchine were very low. Mainly
because of this the microtron was considered
not to be an efficient accelerator.

The main developments that led to the modern
high-current microtron were new méthods for
injecting and focusing the electrons. The me-
thod developed at the Institute for Physical Pro-
blems is based on the use of a thermo-emitting
cathode placed directly at  the surface of the
resonator. As resonators rectangular or cylindri-
cal cavities with Euw or E. field respectively
were used that have some resemblance to a
single cavity of a linear accelerator (5, 6).

The emitter of electrons is places on the in-
side surface of the cavity and the emission of
the electrons is due to the direct action of the
high-frequency electric field. The current is go-
verned by the temperature of the cathode.

To stable accelerating phases electrons may
be captured in different ways. In the first mode
of capture the cathode is placed at about half
of the radius. of the resonator, and the first half
turn (orbit) takes place inside the resonatOI.‘..At
fixed dimensions of the cavity and the position
of the emitter injection can take place for c_hf-
ferent @ usually from 0.7 to 1.6 (6). By changing

the magnetic field and the energy gain per turn
one can continuously change the exit energy of
the electron beam at least twice without chan-
ging the number or position of the electron or-
bits. This is a new property of these modes of
acceleration that are practically important be-
cause they lead to full control of the beam
energy.

In the second mode of acceleration the emit-
ter is placed not far from the center of the
cavity and the electrons have to pass through
an auxiliar hole in the resonator. In this case
the cavity may be designed for Q from 1.7 to 3
but with less latitude for changing the energy
at a given geometry. The energy gain is from
900 keV to 15 MeV per passage through the ca-
vity, and these modes are most suitable for high-
energy operation and have been extensively used
on our large machines (7).

As an emitter the most successful substance
employed at present is lanthanum-boride, La B.
efficiently emits at 1600 + 1700°C, and under the
high fields in the cavity it can ‘stably operate at
a very high current density, up to 100 A/cm’ or
even more. These current densities are produ-
ced through the enhancement of emission by the
Shottky-effect. The number of electrons captures
is determined by the detailed dimensions of the
cavity and can be further raised by biassing the
emitter. The negative bias is introduced by
grounding the emitter through a resistor (8). Ad-
ditional initial focusing may be obtained by sligh-
tly depressing the emitter below the surface of
the cavity. The form and the position of the emit-
ter, the exact size of the cavity, the efficiency
of electron capture to accelerating phases, and
all the principal features of the dynamics of the
electrons in such cavities can be directly cal-
culated by numerically integrating the equations
of motion of an electron in the electric and ma-
gnetic field of the microtron.

Electrons have been successfully injected into
a toroidal resonator by an external electron gun
of special coaxial d=sign that was developed for
the microtron at Lund (Sweden). This pulsed
electron gun operated at 80 kV and also uses
a lanthanum-boride emitter (9).

Vacuum requirement for the microtron do not
seem excessive and most machines use standard
oil diffusion pumps. The electric strength of the
resonator to a certain extent depends on the va-
cuum and IFP machines require a pressure
2-107° torr. Under such conditions vacuum an-
nealed OFHC copper cavities successfully operate
at fields 600-1000 kV/cm. ‘

In the microtron the distance between the or-
bits is practically constant and equal to A/m
(30 mm at A =10 cm). The extraction of the
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beam from the accelerator is a simple matter.
Electrons are usually guided through an iron
tube that screens the magnetic field at the last
orbit. By suitably shimming the magnetic field
the ~.perturbations due to the presence of the
tube may be compensated for and the current
losses at extraction are negligible (10). An al-
ternative way for compensating the disturbances
of the magnetic field by currents distributed near
the tube has been developed (8).

Because of the small angle of phase stability
the electrons are bunched into compact bunches
1/15-1/286 » long that follow each other at a
distance of one wave length A (11). The energy
spread & E is proportional to 8 E = 302 keV and
does not depend on the number of orbits.

The magnetic field that is necessary for the
operation of the microtron must be uniform and
constant. The field in the vacuum chamber is
1000+2000 0 and is usually produced by an
electromagnet, although some consideration has
been given for constructing a permanent ma-
gnet (12). The homogeneity of the magnetic field
is determined by the shape of the pole pieces.
The tolerances on the magnetic field are deter-
mined by the number of orbits N, and the admis-
sible inhomogeneities vary as 8 H/H ~ 1/N* {13).
An inhomogeneity of the magnetic field that is par-
ticularly dangerous for the operation of a mi-
crotron, especially with a large number of orbits
is a slope of the magnetic ficld across the com-
mon diameter of the orbits that leads to a radial
drift of the electrons.

The focusing in the microtron with a uniform
magnetic field is due to the action of the reso-
nator. Contrary to the case of the linear accele-
rator, the electromagnetic field in the cavity exerts
a definite focusing action on the electrons main-
taining their stability of motion because of the
positive phases at which the microtron operates.
The degree of focusing exerted by cavity is deter-
mined by the shape of the transit holes and the
thickness of the resonator (14, 15). Theory and
experiments show that by suitably shaping the
resonator holes one can ensure sufficient axial
stability for accelerating electrons up to at least
30 orbits (7). The focusing by the cavity is of
the alternating gradient type and a matrix me-
thod for studying the beam dynamics has been
developed. In a certain sense the strength of
focusing can be described by that of a cyclotron
field with n~ 1/16. It is important to note
that the axial and phase. m®tion is periodic in
the number of orbits. In other words, the mo-
tion is periodic in the frame of the electron, but
is non-periodic in the laboratory frame of refe-
rence. In the case of optimum stability electrons
oscillate with a period of 4 orbits. As in the

case of phase motion that has a period of 5 to 6
orbits depending on the equilibrium phase, there
is no vertical damping.

The radial focusing in the microtron is more
complicated. Some of the focusing comes from
the constant magnetic field (360° focusing), the
rest is due to the action of the cavity. The mo-
tion of the orbits is aperiodic and the electrons

~are gradually drawn to the axis of the resonator

if there are no disturbing perturbations.

The high-frequency system of a microtron
usually consists of a high-power microwave ge-
nerator coupled to the resonator. In the earlier
microtrons matching was achieved using a paral-
lel water load that leads to considerable power
losses. Modern machines usually employ ferrite
isolators or circulators. Most machines use pul-
sed magnetrons that seem to be most suitable
although one the Lund microtron high-power
klystrons have been successfully used. The po-
wer that is necessary to excite the resonator of
the microtron is proportional to & and a wave-
length of 10 cm and @ = 1 is usually about 250 kW.
The efficiency of modern microtrons determined
as the ratic of the beam power to the power that
enters the resonator is usually from 30 to 35%.

Practically all the pulsed microtrons operate
in the S-band (10 cm). This wavelength seems
to be most suirable for the operation of micro-
trons. Passing to a higher frequency would re-
quire very high fields in the resonator, especially
using high © modes of acceleration and would
lead to excessively high current densities at the
emitter. All microtrons operate as pulsed ma-
chines, with a duty ratio of 1000 and pulse lengths
of a few microseconds.

In principle the microtron is a C W accelerator.
It is interesting to examine the possibilities of
a C W microtron for modern developments in
C W microwave generators have reached the po-
wer level at which such a C W microtron is fea-
sible (16, 17). The operating frequency for a C W
microtron is lower than the S-band and lies bet-
ween 1500 to 2000 mc. The principal factor de-
termining the frequency is the high heat flux in
a C W operated microwave cavity of the micro-
tron; that is the most critical par of the machine.

At present it seems reasonable to build a C W
microtron with a magnet, 3 or.4 m in diameter
with a beam power of 10 to 30 kW for energies
up té 30, may be 40 MeV. High-power magne-
trons or klystrons are at present available for
power levels of approximately 150 kW. The ap-
proximate size of a C W microtion will be com-
parable to the size of a standard Lawrence type
cyclotron.

The maximum energy that can be obtained in
a microtron depends on the number of orbits
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and the parameter Q. The maximum number of
orbits is determined by the tolerances on the
magnetic field and the sixe of the magnet. Without
introducing any special means for compensa-
ting the inhomogeneities of the magnetic field,
high current microtrons have been successfully
operated at 30 orbits and £ =2, By introducing
special coils a 2 m magnet for a 56 orbits micro-
tron has been built in London (18). The opera-
tion of this machine was not really successful
because of the lack of focusing from the reso-
nator (19) and to the knowledge of the author
work with this machine has stopped.

It is reasonable to suppose that the maximum
number of orbits for the microtron is approxi-
mately 50, may be 100. Taking into account the
possibilities of using high @ accelerating modes
the reasonable limit of the energy of a microtron
can be estimated as 100 MeV,

The current of the beam is naturally determi-
ned by the high frequency power. At present
microtrons have operated up to currents of
100mA. Theoretical estimates of the currents at
which interaction with the cavity and the cohe-
rent radiation of the bunches lead to a maximum
current from 1 to 10 A depending on £ and N
(20). At present no high-current effects have yet
been observed in the microtrons.

We may conclude that at present we have
reached a good understanding of the micro-
tron as a microwave machine. The unique fea-
ture of the microtron that is inherent to its
principle is the high electric field at which this
accelerator operates. The electric and magnetic

fields in the microtron provide sufficient stabi-
lity for the acceleration of electrons. The upper
limit of energies is 50 + 100 MeV. Not all the
details, especially the high-current effects in the
microtron have been examined, but the present
understanding is sufficient for building efficient
accelerators that in this range of energies may
open new possibilities both for science and in-
dustry., Although most technical problems con-
nected with the construction of microtrons have
been solved work is still to be done to attain the
degree of engineering perfection reached on linear
accelerators produced industrially.

We will now pass to microtrons that have
successfully operated to illustrate the possibili-
ties of these machines.

The first high-current microtron at the Insti-
tute for Physical Problems is now rebuilt (21).
The most important characteristics of this and
other S-band accelerators are given in Table I.
The smaller microtron of the Institute for Phy-
sical Problems is at present used for experiments
on megavolt electronics and for studies on fis-
sion. For experiments on the angular distribu-
tion of fragments in subbarrier photo-fission high
intensity and well defined energy of the beam is
crucial (22). These experiments that have led to the
discovery of quadrupole photo-fission in heavy
even-even nuclei, clearly demonstrate the possibili-
ties of even a small high-intensity machine in the
field of nuclear physics for studying processes
with very low cross sections. The large microtron
of the Institute for Physical Problems has a 5 ton
magnet designed for energies up to 45 MeV

TABLE 1|
S - Band microtrons
N° ”  Institation D E N I Q w Use
cm MeV mA ton
1 Institute for Physical Nuclear physics, megavolt
Problems: Moscow, 75 15 17 35 1+2 0.9 electronics
USSR (21)
2 Institute for Physical
Problems, Moscow, 110 32 28 50 1+22 5 Accelerator research
USSR (7}
3 JINR, Dubna,
USSR (10) 110 30 30 60 2 4.5 Neutron production
4 Lebedev Physical Synchrotron injector and
Institute, Moscow, 60 7 10 110 12 2 positron acceleration
USSR (8)
5 Lund University,
Sweden (9) 50 6.4 10 50 1.05 0.6 Sunchrotron injector
6 University of Western Accelerator research and mega
Ontario, Canada (4) 50 6.2 8 10 1+3 volt electronics
7 University College,
London, England (18) 200 29 56 103 1 20 Work discontinued
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(2 =3) with a pole diameter of 110 cm. This
machine at present is used for detailed studies
of orbit dynamics (7). A machine similar to this
in all details has been built at the Laboratory
for Nuclear Physics at the Joint Institute for
Nuclear Research (Dubna, USSR). The microtron
operating with 30 orbits at 30 MeV and a pulse
current of 60 mA works in conjunction with the
pulsed fast nuclear reactor (10). The fast nuclear
reactor in this case is used as a dynamic sub-
critical assembly with a high multiplication factor
(300) and is a very efficient source of pulsed
neutrons for nuclear physics research.

Much success has been found in the use of
microtrons as injectors for synchrotrons. A 6.4
MeV microtron is successfully operated as an
injector for the 1.2 GeV synchrotron at Lund
(Sweden) (9). The microtron can operate at a
pulse current up to 50 mA, although at present
its useful current is limited to 20 mA by space
charge effects in the synchrctron.

A 7 MeV microtron injector has been success-
fully built at the Lebedev Physical Institute
(Moscow, USSR). This microtron has been very
ingeniously used for accelerating positrons for
experiments on storing particles in a synchro-
tron (8). The ratio of the number of positrons
to the number of electrons is 510 and the
positrons occupy the same small phase volume
that is characteristic for these machines. At
present a double 15 MeV electron-positron micro-
tron is built at the Lebedev Institute with a still
greater conversion ratio.

The microtron seems to be very well suitable
for injectors and the pertinent data on a number
of accelerators are presented in Tables I and IIL
One of the reasons for the success of the micro-
trons as injectors lies in the great stability of
the beam energy and the compatibility of the
space phase occupied by the microtron beam and
the phase space accepted by the synchrotron.

In all machines mentioned the magnetic field
is uniform. Only in the London University College
microtron some slight inhomogeneity was intro-
duced into the magnetic field to obtain a cerfain
amount of focusing. Although the current ob-
tained on this machine is very low the expe-
rience gained in the construction of a large ma-
gnet with correcting coils is of interest for the
future development of this type of accelerators.

As we havz already noted, inhomogeneous ma-
gnets with edge focusing have been proposed for
the microtron. An accelerator with 7 orbits of
this type has been successfully operated in Ca-
nada (4). Electrons were accelerated by a cylin-
drical cavity and injected from an external elec-
tron gun. Experiments have shown that the design
and adjustments of an edge focusing magnet are

rather complicated. Extra shielding is required
in the field free areas of the magnet. At present
it seems that the development of focusing by
the cavity in a microtron with a uniform field
provides sufficient stability of the electrons wi-
thout the introduction of any marked non-uni-
formity of the magnetic field, although it may
be reasonable for a large number of orbits to
introduce certain symmetrical inhomogeneities
that will improve the radial stability.

Considering the future development of pulsed
microtrons one can think that the major trend
will be the construction of accelerators for ener-
gies up to 30-40 MeV using modern high-power
microwave generators. The most suitable type
of generators is the self excited magnetron or a
magnetron-type amplifier directly connected with
the cavity so as to form a self-excited system.
In this case the resonator of the microtron will
not require any special tuning, and in view of the
high efficiency of these amplifiers one may expect
high efficiency of the whole system. Pulsed acce-
lerators of this type may well compete with li-
near accelerators. The main advantage of the
linear accelerators is the possibility of iransien-
tly accelerate very large currents through the
use of stored electromagnetic energy in the wa-
veguide. In  the microtron because one has to
accelerate electrons by well defined energy such
transient operation is impossible. The major
advantage of the microtron in comparison with
the linear accelerator is its outmost simplicity.
We have noted the simplicity of the high-fre-
quency system. In the high-current microtron
there is no electron gun with its associated pulser.
These are the basic reasons why the microtron
may prove to be the best type of accelerator for
these energies in the cases when extreme cur-
rents such as those necessary for pulsed neu-
tron work are not required.

In the microtron there is a threshold power
approximately 100 kW beginning with which it is
possible to accelerate electrons independent of
their final energy. The principal difference bet-
ween the linear accelerator and the microtron
is that one can consider the linear accelerator
to be a series connected machine, and a micro-
tron may be considered as an accelerator in which
we have parallel connected beams passing through
a single resonator with a correspondingly lower
value of the characteristic impedance of the acce-
lerator.

In its present form linear accelerators will
always be a pulsed operated machine. Only by
lowering the field and passing to excessive lengths
such as in the Saclay linear accelerator project
can one expect to operate at higher duty ratios.
Another approach is the use of superconducting
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TABLE 1l
. Divergence Phase Volume
Accelerator E N Beam Size mrad mm X mrad
-mm
MeV axial radial axial radial
Institute for Physical
Problems, Moscov USSR (7) 30 28 1.5%x8 0.5 5 0.7 . 10 1.5.107
Lebedev Physical Institute
Moscow, USSR (8) 10 2%x4 15 15 6-10 610
Lund University, Sweden (9) 6.4 10 X7 2 7 14 .10 5.10°7

resonators for linear accelerators. On the other
hand, a CW microtron is feasible and we can
expect that it can cover the energy range up to,
may be, 50 MeV and prove to be-powerful instru-
ment for nuclear physics research.

Some consideration must be given to the use
of cavities cooled to low temperatures in the
microtron. In the first place one can attempt to
use cavities of normal metals cooled to low tem-
peratures at which the losses will be determined
by the anomalous skin effect. We cannot expect
to lower the power by more than an order of
magnitude introducing at the same time all the
complications that arise with the use of cryo-
genic engineering. The power gained will be lost
in the low efficiency of the liquefiers and one
cannot expect much in this respect although a
more detailed analysis in some special cases may
be profitable. It is of greater interest to consi-
der the use of superconducting cavities. A super-
conducting cavity placed in a microtron with a
uniform magnetic field will disturb the field to
the extent that the geometry of the accelerating
fields will be totally changed. With the added dif-
ficulties of heating the cavity by electrons not cap-
tured to the accelerating phases the use of a su
perconducting cavity in such a microtron does
not seem reasonable. A superconducting cavity
will be more suitable in an edge focusing magnet
for one can place the cavity in the field-free part
of the magnet and completely rely on the magne-
tic field for providing the required axial and
radial focusing. In this case one can shield the

cavity from any heating due to lost electrons for
in a superconducting cavity such local heating
may be disastrous. An accelerator of this type
would be of interest only for energies higher
than, say, 100 MeV .that do not at present seem
attainable by a straight forward development of
the pulsed microtrons and the CW microtrons.
The first step in developing a superconducting
microtron would be the successful operation of
a high-field superconducting linear accelerator.

In this review we will not further compare the
microtron with other accelerators, such as elec-
trostatic machines or synchrotrons. The simpli-
city and ease with which electrons may be acce-
lerated in the microtron open a wide field for
the development of this accelerator for medical,
chemical, and industrial purposes that lie outside
the scop¢ of this Conference (21). We have not
considered the use of a microtron for mega
volt and high-power electronics. The develop-
ment of this accelerator as a relativistic electron
machine belongs to these domains of physics from
which the microtron has emerged. Our main
object was to consider the modern d=zvelopments
of the microtron and the future trends in its evo-
lution.

May be on the next Conference on accelerators
the microtrons will cease to be a topic in physics
having fully passed into the hands of the engi-
neers. In this case we can say that the develop-
ment of the microtron as an object of science
has ceased as it has become an instrument of
science and industry.
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THE 30 MeV HIGH-CURRENT MICROTRON

S. P. Kapitza, E. L. Kosarev, E. A. Lukyanenko, V. N. Melekhin, A. G. Nedelyaev, V. M. Chernenko

and L. M. Zykin

Institute for Physical Problems, Academy of Sciences,Moscow (USSR)

(Presented by S. P. Kapitza)

The design of the 30 MeV microtron in its prin-
cipal features is similar to the first microtron
with 12 orbits and 700 mm chamber buili at the
Institute for Physical Problems. The 4.5 t ma-
gnet of the larger microtron is circular with
110 ¢m pole pieces and a 12 cm gap. The pole
pieces of the magnet are simultaneously the
lids of the vacuum chamber. The accelerator is
pumped by standard diffusion pumps with liquid
nitrogen traps. The high-frequency system con-
sists of a high-power fixed-frequency S-band ma-
gnetron coupled to the resonator through a fer-
rite circulator.

The accelerating cavity is cylindrical or rectan-
gular. The electrons are emitted under the direct
influence of the high-frequency electrical field
from a lanthanum-boride emitter placed on the
intter surface of the cavity. Electrons may be
captured to accelerating phases in two ways. In
the first mode of operation acczleration of
electrons is possible for values of the magne-
tic field in the range from 0.8 to 1.7 H, where
H. = 2= E./e ) is the cyclotron magnetic field at the
operating wave lzngth (1070 Qe at 10 cm). In
this case the increase of the energy for each turn
is correspondingly 0.8 to 1.7 E. and E=mc’ =
511 keV is the electron rest energy.

In the second mode of electron capturz the
magnetic fields is 1.7 to 2.2 H. and the energy
gain per turn is 1.7 to 2.2 E.. For a 110 cm magnet
and 30 orbits the energy on the last orbit may
vary from 12 to 26 MeV for the first mode of
operation and from 26 to 35 MeV for the second.

On the 700 mm microtron with 12 orbits we
studied in detail the first mode of operation and

showed experimentally that one can efficiently
capture particles and accelerate them without
any appreciable loss to the 12th orbit (1). For a
larger number of orbits certain- difficulties arise
that are connected with disturbances from inho-
mogeneities of the magnetic field and the geo-
metry of the resonator. Therefore, in the micro-
tron with 30 orbits our main efforts were con-
nected with studies of the dynamics of the elec-
trons and the achievement of sufficient orbital
stability, especially for the second mode of opera-
tion. For the second mode of operation these
difficulties that were rather easily overcome for
the first type of cavities were greater, but in this
case one can accelerate particles to a higher
energy.

The magnetic field of the microtron is uniform
and the vertical stability is fully due to the fo-
cusing by the electromagnetic field of the acce-
lerating cavity. Appropriate calculations show
that by suitably shaping the transit holes in the
cavity in the first type of motion one can rather
easily obtain the necessary axial stability (2, 3).

This was experimentally shown for the larger
microtron. If the entry hole had the form of a
horizontal slit and the exit hole was circular or
square, then the particles describe stable axial
oscillations with a period of approximately four
orbits. The period does not appreciably change
beginning from the third or fourth orbit up to
the last. In this case the axial motion is stable
under the action of various perturbations, al-
though there is no damping.

In the second mode the particles gradually
drift to the edge of the entry hole where



