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VAVE GUIDE FEFD £YCTEM

FOk £ MICRGTEON

By
JOEN EAEKY MACFOPOL

AN AECTERACT

This thesis describes the construction of & weve guide
feed system for & microtron, or electron zccelerctcr, in the
10 centimeter band. All the component perte are descrited
in detail.

The reason for introducing z veve guice feed cycstem wes
to obtain better imnedsrce metching, gein & higher degree of
frequency stebilizeticn by introducirg a lecad in series with
the resoncting cavity, and to reduce lire losses due to
_sparcing by evacneting the entire feed system.

The purpose of the exreriment ves to cetermire if the
microtrcn will operete with csteble orbits with the low power
input aveilable (epproximetely fifty kilowetts peak power)
vhen line losces ere minimized and frecuency stebilizeticn
is méximized, utilizing the new weave guide feed system.

No orbits were detecteu vith the low power input. A
probatle reascn 1s electronic lozding of the cavity which
limits the current thct cen be accelrreted by a given pover

inoput into the accelereting cevity.
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INTRODUCTION

The microtron, or electron cyclotron, hes
certain distinctive advantages over other types
of accelerators. Some of these zdvantages are:

a., Ixtreme simplicity znd compactness.,

b. Only a simple stetic megnetic field is
reqguired.

c. Vertical focusing is not required due
to a very short accelerating tine.

d. Extraction of the electron beam is sim-
plified because of wide spacing of the
electron orbits.

e. No special source of electrons is re;

gquired; an smple supply of electrons
is produced by field emissicn.

This paper dezls with the construction of
a wave guide feed system for a microtron which
previously utilized a co-&xial line feed systen.
The operetion of the microtron with the co-gxial
line system was errstic aznd unststle with the
low power input that was aveilable., It wes sug-

gested that this wes due to line losses, poor



impedance matching, and lack of an zdeguate
stabilizing load in series with the resonant
cevity. Sparking also occurred in the co-
axlal line, and to remedy this condition, =
new feed system was proposed which wes to be
evacuated completely. A tunable stebilizing
load was proposed together with & phase shift-
er for line adjustment.

The purpose of the experiment wes to de-
termine if the microtron will operate with
steble orbits with a low power input to the
accelerating cavity (epproximetely fifty kil-
owatts peuk power) with all power losses min-
imized and frequency stabilizztion maximized,

utilizing the new vave guide feed systen.
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DESCRIPTION

The description &nd theory of operation
of the microtron has been cdescrited in detail
elsewhere (1). A brief review will be given
here,

Generally, in outward appeerance, the
microtron resembles other cyclic perticle ac-
celerators. Bacically it consists of a cylin-
drical vacuum-tight accelerating chzmber which
is placed between verticel pole faces of a meg-
net. The microtron differs from other zccel-
erators by utilizing & constant magnetic field
and a radio-frequency resonant cavity as the
accelerating element whose electric field is
placed tzngential to the electron orbits. The
electrons are produced by field emission from
the Inside surface of the resonant cavity and
are accelerated across the gep in the cavity.
Scme of these electrons emerge from the hole
in the pole of the cavity and describe a circle
in the perpendicular megnetic field. At the
proper magnetic field strength, these electrons

will complete an orbit in an integral number

N
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of radio frequency periods and thus return to
the cavity to be given a further zccelerating
push across the gap. FEzch succeeding orbit
hes a larger radius due to the zaaed «inetic
energy the electrons sc. uire during each accel-
eration, but they &are &ll co-tangential at the
accelerating gep. In the microtron, the dif-
ficulty which arises from the relativistic
Increase In mess of the accelerated electrons
as they gain in energy, is overcome by meking
the time lag per revoluticn of the electron,
caused by this relativistic effect, equal to
en integral number of periods of the radio
frequency field., The time of revolution of
each successive orbit is an integral number
of radio frequency periods longer than the
preceding orbit. Thus the electron always
returns to the accelerzting gap in phase for
further accelerztion. Also, the period of
the first orbit is mzde an integral number
of radio frequency periods,

The microtron has inherent phese stability
for electrons that enter the acceler:ting gep

before or after the resonant phase (2). Sup-



pose an electron crosses the accelerzting gap
at & phase pgy after the maxime of the radio

frequency cycle (Figure 2). This electron
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Figure 2 Phese steability

will be accelerated, and for the proper magnetic
field strength will return to the gap at the

same phase p, to be accelerated again. This

is the resonant electron. If an electron tra-
verses the gap slightly shead of the resonant
electron at a phase Py it will gain more en-
ergy than the resonant electron and thus describe

a larger orbit with a2 larger time of revolution.
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Thus its phase p¢ &t the next gap crossing will
be closer to the phase of the resonant electron.
After the next acceleration, it will cross the
gap a2t the resonant phzse but will have acguir-
ed a greater energy than the resonant electron
which will cause its phase to snift to the other
" side. This process will be repeated with suc-
ceeding eccelercations until the electron crosses
the gap at the resonent phacse. Thus in & region
about the resonent phase, electrohs will remain
in a8 statle orbit. All other electrons have

unsteble pheses and will be loct from synchronism.



FREQUENCY ETABITLIZATION

When a high Q cavity 1s tightly coupled
to & megnetron resonator system, it tends to
stabilize the freyuency of oscillation of the
nagnetron and mekes it oscillate with & fre-
guency equ&l to the resonant freguency of the
cavity (%), providing the resonant freguency
of the cavity is within the frequency range
of the magnetron. This frequency stability is
the effect of the iIncreased energy storzge of
the system. However, since the cavity must
be coupled by mezns of a transmission line (wave
guide or co-axial line) that is in itself reso-
nant, the system will have three modes of reso-
nance which differ slightly in frequency. The
middle mode i1is the "principle™ mode and the
outer ones are "extraneous" médes. Beczuse the
stabilization is highrer for the principle mode,
oscillations build up more strongly in the ex-
traneous modes becuuse the effective value of
resonator cepacitance is higher for the statle
mode &and the rate of build-up varies invercely
with resonator cepacitance. This causes the

megnetron to oscillete in one of the extraneous



modes instezd of the highly steble principle
mode. This is particularly true if the fre-
quency stability of the principle mode is more
than about three times that of the unstabilized
system. To avoid this difficulty, the attenu-
ation of the transmission line between magnetron
and cavity may be increased by introducing an
auxiliary load in series with the transmission
line.

For our cese, since the transaission line
wes wave gulde, a sand load was utilized. This
consisted of & section of wave guide filled
with sand and placed in series with the main
transmission line by means of a tee coupling.

During normal operztion, heat will be gen-
ercted in the resonating cavity, ecspecially if
a large amount of r-f power is applied. This
causes expansion vith a subsequent volume in-
crease and change of resonant frequency. To
avoid this effect, some means of temperature
control such s water cooling is desirable.

The cavity used with the new feed system was

water cooled.



CONETRUCTION OF TEE WAVE GUIDE FELD CSYSTEM
Co-axial Line to Wave Guide Trznsitions

Becazuse the 2JZ% mzgnetron that was used
for the r-f power is designed to couple to a
co-axial line, a transition from co-axial line
to wave guide was necessary in order to intro-
duce the r-f power into the wave guide system.

On the terminzl end of the wave guide system,

a wave gulde to co-axlal line transition was
used as a takxe-off to introduce power into the
cavity. This was necessary because the distance
between pole pieces of the microtron megnet was
not great enough to a2llow a wave guide coupling
to the accelerzting cavity.

Crossbar transitions (Figures 3 and 4) were
utilized because of their simplicity of construc-
tion and because they permit a more accurate
support of the center conductor of the co-axial
line. This is important because the position
of the center conductor is critical for adequate
impedance matching. A graph of voltsge standing-
wave ratio versus wave length for the crossbar

transition, based on data by G. L. Ragan (4),
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Figure 4. Method of coupling the accelerating cavity
to the wave guide feed system.
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1s shown in figure 5.
The cavity was coupled to the co-axial line

by mezns of a loop coupling.

Phase Shifter

Since the separation between magnetron and
cavity must be keot very close to an integral num-
ber of wave lengths, some means had to be provided
for adjusting the effective separation. This was
accomplished by constructing a phase shifter, the
details of which are shown in Figure 6. Essential-
ly, the change in guide wave length is brought
about by moving a dielectric slab laterally across
the interior of the wave guide. The effect of the
dielectric becomes much greater when it is in the
region of the strong electric fields in the center
of the wave guide than in the region of the weak
fields near the walls. The ends of the dielectric
slab were tapered in the manner indicated, the
length of the taper being helf a wave length. Be-
cause the entire wave guide system was to be evac-
uated, the problem of constructing the phase shifter

so that mechanical adjustment could be made under
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vacuum was solved with rubber "O" ring seals as
shown. The slab was supported by means of two
brass rods spaced in such a way that cancellation
of reflections was achieved. Three-eighths inch
gless plate was chosen for the slab material after
unsatisfactory results with polystyrene which broxe

down. under vacuum when r-f power was applied.

The Stabilizing Load

The sand load which was used as a resistsance
in series with the cavity to stabilize the frequency
of operation of the magnetron 1s shown in Figure 7.
Finely screened sand was stirred in a fluid suspen-
sion of Aquadag and water, cdrazined, and dried. 4
fifty-fifty mixture of the coated and uncoated sand
was used as the filling material for the loed in a
section of wave guide eleven inches long. To facil-
itate impedance matching, the input end of the sand
load was tapered from narrow wall to narrow wall of
the wave guide for & length of twelve centimeters.
The sand wes held in the tapered position by a one-
eighth inch thick Transite plate which was cemented
in place with Insazlute Cement. Water cooling was

provided by a copper Jacket surrounding the length



of wave gulde. The sand load was separated from
the evacuated section of wave guide by meahs of
a vacuum-tight mica plate inserted between the

coupling flanges and sealed tight with Picein.

Tuning Screws

Two tuning screws, two inches in diemeter,
were properly pleced on the tee which held the
send load one-eighth of a guice wave length ap:rt
on the opposite broad sides of the guide to allow
independent adjustment of the resistive and reactive
impedances. Since the entire system was to be evac-
uated, it was necesszry to construct the tuning
screws so they could be adjust-d under vacuum. Rub-
ber "0" ring seals were used to sezl each unit.
The arrangement is shown in the photograph and the
details of the construction are shown in Figure 7.
The tuning screws control the amount of power dis-
tribution between load &nd cavity and cancel any
stray resctances in the tee and side arm circuit (5).

The use of tuning screws with large diemeters
is preferred because a grezter amount of inductive

susceptance may be obtained with a smaller insertion

17
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The wave guide feed system
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or retreaction. An admittance plot for this tyve
of tuner, bazsed on aatz by G, L. kagan ana F., L.
Niemenn (5), is shown in Figure 8. The zdmittence
at the center of trhe input screw is plotted for
ezch screw separately; that is, one screw is varied
with the other set flush with the inside of the
guice.

A plot of voltezge stending-wave ratio as e
function of screw setting for z tvo inch cicmeter
tuning screw, from informetion by F. L. Niemann (5)

is stown 1In Figure 9.

The Accelerating Ceavity

The cavity resonator chcsen wes cof the spheri-
cel tyre made of spun copper vwith 67° re-entrant
cones. This shape vas chosen becezuse of its con-
sicderatly higher Q and its high shunt resistance.
Also, since all the surfaces inside this type of
cavity are well rounded, the possibility of sperk-
ing is minimized., The cavity was spun in two halves
vhich were then solcered together. A flange was
then atteched vhich clamped on the co-axiel trans-

mission line &snd assured & good electricel contact.
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For a csphericel cavity, the theoretical resonant

wave length (6) is:
A= 4r where r is the radius

Yhen the configuretion 1s altered by hecles and coupling
loops, as it must be if it is to have any practical
egpplication, the total volume to surfesce ratio is
changed, thus the rescnant frequency chenges from
the theoretical velue. The cavity used was construct-
ed with dimensions slightly smaller than theoretical
dimensions end its resonant frequency was measured
to see that 1t vas within the range of frequency of
the megnetron that vas used to supply the r-f power.

The set-up for measuring the resonent frequency
of the cavity is shown in the photograph. The cavity
is coupled to the terminal end of & co-axizl line
which in turn 1s connected to a standing-wave detector.
A Brovning TVN-7 power supply feeds & X 417 tunable
reflex Klystron whose output is connected to the
standing-weve detector by means cf a flexible co-
axial cable. The crystal pickup on the probe of the
standing-wave detector is connectea to the vertical
input terminals of the oscilloscope. The Klystron

frequency can be adjustec until resconance is obtzined.

D
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The wave form which appeers on th=s oscilloscope
when the cavity is in resonznce has the shepe
shown in Figure 10.

Water coolirg of the covity wes achieved by
meens of & copper tutirg sclcered eround the out-
side surfazce, The tubing wes connected to zir-tight

fittirgs on the wells of the accelereting chamter,

V) v

Figure 10 The wave form when cavity is in
resonsnce



S UMMARY

Crbit Cetecticn

Tvo methods of orbit cetection were ucec. The
apneretus first used ccnesisted of a Geiger L'uller tube
and counter. The tube wes mounted on the enc of & vee-
uum-tight sliding prcte. This methoc vroved unsztis-
fectory teceure of the high rate cf backgrcund count,
ccused by the r-f field, vwhich mece it difficult to
detect zny wetx orbits that mey have teen present.

The seccnc methou concistec of & Faredey cege
mount2c on the.end of the clicing orote. The Farccdey
ccge wes connectec through en amplifier to the vertical
input of &an oscilloscope.

No stable ortitc vere detected vwith eitrner metncc.
It was suggested thet the power input wes insufficient
to cause & grect enough potentiel across the eccelerat-
ing gep for electrcn field emission. A filsment vss
placed gt the cevity throat to supvly electrons in the
viclnity of the accelerating gev. After faeilure to
detect eny stable orbits zfter repected attempts to do
co, it was concluded that ncne existed.

A probezble exnlanation for the lzck of steble

ortits, is electronic loading of tre cavity cue to

P
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en insufficient pover input. Ac stated by Hendercson
and kecford (%), tne eccelerrzted electrons precent =
conauctsznce in nerzllel with the cevity shunt con-
ductance. This causes an increzse in the effective
ccenductance of the cavity end 2 cdecreazcse of tne gep
potentizl. Tnus for a given pover inout to the cavity,

the current vhich mey be eccelerszted is limited.

fuggestions for Imnrcvement
L larger pover supply (500 xilowatt veak pover
cr greater) is nececscry to supply an adeguate potenticzl
ecross the accelereting geo end to overccme the effects
of electronic loascing of the ccvity. A tuneble mzgne-
tron vwould be desireble and would give one more dimen-

sion for tuning to the cavity resonant freyuency.

™

Keeping the megnetron edequately cooled precentec
problem. The heat generzted in the inner concuctor of
the co-axizl line at the magnetron coupling could not
be concuctec ewey fest encugn since the entire cystem
ves evecusted, This difficulty could be eliminatec by
utilizing & megnetron thet couples cirectly to a wave
guide incteec of 2 co-exial line. Thus the inner

conductor coulc be eliminated entirely.
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