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AND APPARATUS
Peter A. Sturrock, Geneva, Switzerland, assignor to
Varian Associates, Palo Alto, Calif., a corporation of

California
Filed Feb. 16, 1959, Ser. No. 793,495
21 Claims. (Cl. 313—84)

The present invention relates in general to magnetic
focusing of charged particle beams and more specifically,
to a novel periodic magnetic beam deflection focusing
method and apparatus. Such magnetic beam deflection
focusing is especially useful for focusing relatively thin
sheet or annular beams where it is desired to obtain high
current density beams as are employed in high power,
high frequency velocity modulation vacuum tubes, linear
accelerators and the like.

Heretofore periodic magnetic focusing has been em-
ployed for focusing beams of charged particles. But in
these prior art magnetic focusing schemes, the magnetic
field has been directed axially of the beam. When the
magnetic field is directed axially of the beam, the mag-
netic flux path length external of the magnet structure
is relatively long such that relatively large magnet struc-
tures are required to produce the focusing field. More-
over, much of the magnetic flux which is generated is
confined to spaces which are not occupied by the beam
and thus this flux is ineffective for focusing the beam. In
addition, the prior art periodic longitudinal magnet focus-
ing method introduces an undesired coupling between
the radial and azimuthal degrees of freedom in the beam
resulting in beam instability at high current densities.

The present invention provides a novel magnetic beam
focusing apparatus in which the focusing magnetic field
is directed transversely to a beam such that the magnetic
flux path is short thus requiring less magnet structure
for focusing a given beam currenf. Moreover, the
focusing magnet structure may be closely spaced to the
beam whereby most of the magnetic energy outside of
the magnet threads through spaces occupied by the beam.
Such efficient use of the magnetic potential allows focusing

of extremely high current density beam with a minimum-

of magnet structure.

The principal object of the present invention is to
provide a periodic magnetic beam focusing method and
apparatus which is capable of focusing high current den-
sity sheet beams with a minimum of required magnetic
energy whereby the size, weight, and cost of the magnetic
focusing structure may be minimized in use.

One feature of the present invention is the ‘provision’

of a periodic magnetic beam focusing method and ap-
paratus wherein a magnetic field is directed transversely
of the beam path whereby high current density beams

may be focused with a minimum of required magnetic-

energy.

Another feature of the present invention includes the
provision of permanent magnets disposed on both sides
of a sheet beam of charged particles whereby a trans-

versely directed magnetic field is obtamed for . focusing’

of the beam.
Another feature of the present ‘mventlon includes the
provision of an electric field directed ‘transversely of a

sheet beam of charged particles, said electric field coop-'
erating with a transversely d1rected magnetic field for

focusing of the beam.
Another feature of the present mventmn includes’ the

provision of a magnetic beam focusing structure for-

periodically focusing sheet beams in which permanent
magnets are disposed on one side of the beam and a

nonpermanent magnetic pole piece is disposed on the-
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other side of the beam for obtaining a transversely direct-
ed focusing magnetic field.

Another feature of the present invention is the prov1-
sion of a novel periodic magnetic deflection focusing ap-
paratus and method wherein a low inductance conductive
coil is disposed on one side of a sheet beam of charged
particles; said low inductance coil adapted to be rapidly
energized to produce -a magnetic field directed transversely
of the beam for focusing thereof.

Another feature of the present invention is the provi-
sion of a novel magnetic focusing structure for periodi-
cally focusing charged particle tubular beams wherein a
permanent magnet structure is disposed within the hollow
interior of the beam and a magnetic pole piece is disposed
around the outside perimeter of the beam whereby a
transversely directed focusing magnetic field is obtained

" while facilitating placement of beam field interaction
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structures around the beam.

Other features and advantages of the present invention
will become apparent upon a perusal of the specification
taken in connection with the accompanying drawings
wherein,

FIG. 1 is a longitudinal cross-sectional view of a
traveling wave tube utilizing the novel magnetic deflec-
tion focusing features of .the present invention,

FIG. 2 is a cross-sectional view of a portion of the
structure of FIG. 1 taken along line 2-—2 in the direction
of the arrows,

FIG. 3 is a perspective schematic diagram depicting
the principle of operation of the focusing structure of the
present- invention,

FIG. 4 is a schematic diagram depicting the trajecto-
ries of the electrons in the plane of a sheet beam as it
passes through a structure shown in FIG. 3,

FIG. 5 is a longitudinal cross-sectional view of a por-
tion of a tube structure employing the features of the
present invention, )

FIG. 6 is a longitudinal cross-sectional view of a tube
structure employing an embodiment of the present inven-
tion,

FIG. 7 is a longitudinal cross-sectional view of a por-
tion of the tube structure employing the teachings of the
present invention.

FIG. 8 is a longitudinal cross-sectional view of a por-
tion- of a tube employing an embodiment of the present
invention, and .

FIG. 9 is a longitudinal cross-sectional view of an
altérnative magnetic focusing structure for use in. the
present invention.

Referring now now to FIG. 1 there is shown a travel-
ing wave tube amplifier employing the novel magnetic:
deflection focusing -apparatus of the present invention.
More specifically, an electron gun assembly 1 forms and
projects an annular electron beam lengthwise of the tube:
structure, the electrons of said annular beam being col-
lected within an annular recessed portion of a coliector
electrode 2 disposed at-the other end of the tube. A~
helical conducting tape 3 forms the slow wave structure
and is positioned circumscribing the outer peripheral
edge of the annual beam, said beam being directed length-
wise of the helical slow wave structure 3. )

R.F. energy, which it is desired to amplify, is coupled'
onto the helical slow wave structure 3 via the intermedi-
ary of a coaxial transmission line 4 having the center
conductor connected directly to the helical tape3.. The .
R.F. energy is then propagated about the helical slow
wave. structure, the fields thereof interacting with the an-
nular ¢lectron beam to produce amplification of  the
wave ‘energy in accordance with conventional traveling.
tube principles. The amplified output emergy of
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' 3
he slow wave tube is coupled into an ouiput waveguide
i and thence fed to a suitable load, not shown.

An outer tubular envelope 6 as of, for example, copper
ubing is vacuum sealed at one end thereof to the elec-
ron gun assembly 1 and at the other end thereof to col-
ector 2. ‘The outer tubular envelope 6 serves to support
.nd position the helical slow-wave structure 3 there-
vithin via a plurality of dielectric spacing rods 7 disposed
ongitudinally of the tube apparatus and between the
yuter tubular envelope 6 and the helix 3. The rods are
wreferably made of a good heat resistance dielectric ma-
erial as of, for example, sapphire which can withstand
ligh temperatures.

‘An inner tubular envelope 8 as of, for example, copper
s vacuum sealed at its ends to the gun assembly 1 and
ollector assembly 2 respectively and is disposed within
he hollow interior of the electron beam.

A plurality of alternately spaced annular permanent
nagnets 9, as of ferrite, and annular magnetic pole pieces
1, as of iron, are carried within the hollow interior of
he inner tubular envelope 8. The permanent magnets 9
re arranged with polarities to produce opposite polarities
yf the consecutive longitudinally spaced nonpermanently
nagnetized pole pieces 11. Similarly a plurality of alter-
iately longitudinaily spaced annular permanent magnets
2 and annular magnetic pole pieces 13 are carried ex-
ernally of the outer tubular envelope 6. The permanent
nagnets 12 are arranged to polarize the pole pieces 13
uch that successive longitudinally spaced pole pieces 13
1ave opposite polarities.

The inner and outer permanent magnets 9 and 12 and
sole pieces 11 and 13 are selected of substantially the same
ength and disposed in the proper relationship such that
\n outer magnetic pole 13 of a certain polarity will be
lisposed opposite an inner pole 11 of the opposite polarity
o produce a dipole magnetic field which is directed trans-
rerse to the beam path. Since successive inner and outer
sole pieces 11 and 13 are of opposite polarities, there is
yroduce an alternating transverse dipole magnetic field
ongitudinally spaced of the beam path which is utilized
‘or focusing the beam.

The permanent magnets 9 and 12 disposed at the ends
yf the magnet structure are made to have half the mag-
ietomotive force of the other permanent magaets 9 and
{2 as by making the end permanent $ and 12 haif length.
Also the outer end pole pieces 13 and inner pole pieces 15
ire made to have substantially twice the reluctance of
he other similar pole pieces by making them somewhat
ess than half length.

A hollow cylindrical magnetic yoke 14 as of, for ex-
umple, iron is carried externally of the outer tubular
:nvelope 6 and completes the magnetic circuit between the
:nds of the alternately spaced permanent magnets 12 and
yole pieces 13.
rieces 15 are disposed inside the inner tubular envelope 8
ubstantially at the ends of the alternately spaced mag-
ietic members 9 and 11 for terminating the inner mag-
ietic circuit. The two disk-shaped inner magnetic pole
sieces 15 are intercomnected via an internal magnetic
:ore 16 threaded through the center of the annular mag-
letic members 9 and 11 for completing the magnetic cir-
:uit of the inner magnet assembly.

The electron gun assembly 1 includes a concave annu-
ar cathode emitter button 17. The emitter 17 is heated
yy a directly heated filamentary heater 18 disposed on
he backside of the cathode emitter 17. The cathode
:mitter 17 and heater 18 are supported from a flared
ubular cathode base support 19 via the intermediary of
‘our hollow cylindrical cathode support posts 21 protrud-
ng through four openings in a main body transverse
1eader 22. The main body header 22 serves to support
‘he inner central magnet structure disposed within. the
nner tubular envelope 8.

One end of the heater 18 is electrically connected to

Two disk-shaped end magnetic pole.
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the cathode button 17 and cathode support 19. The
other end of the heater element is electrically connected
to a centrally disposed heater electrode base support post
24 via the intermediary of a heater lead 25 carried within
and insulated from one of the hollow cathode support
posts 21. Heater support post 24 is sealed in a vacuum
tight manner to a transverse end header 26 thereby clos-
ing off one end of the tube envelope. The header 26 is
vacuum sealed at its peripheral edge to a cylindrical di-
electric ring 27, as of ceramic, which in turn is secured
in a vacuum tight manner at its other end to an annular
metallic cathode support ring 28 serving to carry there-
from the cathode base support 19 from the inside sur-
face thereof. The cathode support ring 28 in turn is
sealed in a vacuum tight manner to a dielectric cathode
insulating ring 28 which in turn is sealed at its other end
to the main body header 22. The cathode insulator 29
is made of a good dielectric material as of, for example,
alumina ceramic and is designed to withstand and hold
off the high anode to cathode voltage utilized for ac-
celerating the beam. .

An annular accelerating electrode 31 is closely spaced
to the annular cathode emitter 17 in overhanging rela-
tionship theretc and is provided with an annular opening
therein in alignment with the cathode 17 for accelerating
the emitted electrons and forming them into an annular
beam. The annular accelerating electrode 31 is connected
to the inner and outer tubular envelopes 6 and 8 respec-
tively and thus preferably operates at ground potential.

Operating potentials are applied to the heater element
18 via battery 33. The accelerating potential is applied
between cathode and anode via battery 32. The positive
terminal of battery 32 is preferably grounded such that
the body of the tube operates at ground potential.

The operation of the novel focusing structure will now
be described with regard to FIGS. 3 and 4. More spe-
cifically, a charged particle starting with a longitudinal
velocity v, at z=0 and having zero transverse velocity,
vy, will experience, due to passing through half of the
transverse dipole magnetic field Hy between the first pair
of north and south pole pieces, a certain curvature such
that at z=—-}-a, the particle will have a certain component
of velocity v, transverse to the ray axis which is herein
defined to mean the direction of -mean motion of the
particles making up the beam. If the particle is moving
in the plane of symmetry of the magnetic structure, the
particle will not see any longitudinal magnetic field be-
tween z=—a and z==3q and therefore will experience no
focusing force fx at right angles to the plane of the beam.

However, if the charged particle is above or below
the midplane, x=0, it will experience a magnetic focusing
effect varying in- strength in “proportion to its displace-
ment from the midplane. The focusing foice tending to
move the charged particle back to the midplane-will be pro-
portional to ¥y X5, where vy is the transverse velocity of
the charged particles and B, is the strength of the longi-
tudinal component of the ‘magnetic field B. Since the
longitudinal magnetic field B, becomes stronger, the
greater the x displacement of the charged particle from
the midplane, the stronger will be the fecusing effect. -

Therefore, the focusing action arises from the coopera-
tion of two components of magnetic field. -Firstly, it is
proportional to the transverse velocity v, of the charged
particle obtained from beam interaction with the trans-
yersely directed component of: the magnetic. field By and
it is., secondly, proportional to the strength of the longi-
tu_dxmal component of the magnetic field B, associated
with the fringe field. B, is off, but near:to, the plane
of symmetry and is strongest between longitudinally
spaced -adjacent poles.  The strength of B is determined
substantially by the configuration and strength of the trans-
verse field By at the plane of symmetry. Lo

For a sheet beam of charged particles, the particle
tra.jectories will undulate in the z—y plane about the ray
axis, the transverse undulations:being in the plane of
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the beam. Another vaniety of the sheet beam is an annu-
lar beam as utilized in the traveling wave tube shown
and described with regard in FIG. 1. In an annular beam
case focused with longitudinal and transverse magnetic
fields, the charged particles undulate in an azimuthal di-
rection about the ray axes.

For stable beam conditions, it is desirable that the
maximum angle ¢, that the beam particles make with the
ray axis in the y—z plane not exceed 0.86 radian or ap-
proximately 50 degrees. ¢, is related to the beam param-

eters as fOHOWS.
sin ¢ﬂ— }) o2mV, be

where ¢ is the charge on the particle, m is the mass of
the particle, V, is the beam voltage, and vy is the trans-
verse magnetic flux per unit of beam widih due to one-
half of any one of the transverse magnetic pole pairs. It
would normally be advisable to arrange that the ray axis
should be substantially perpendicular to the contours of
constant magnetic field intensity, i.e. in the z— direction,
but appropriate injection conditions could provide for
the ray axis to have a component parallel to these con-
tours, i.e. in the y— direction, if the operation of the tube
made this desirahle.

One suitable method of injecting the electron beam
is shown in FIG. 1. The cathode 17 and accelerating
anode 31 are closely spaced to the longitudinal and trans-
verse midpoint of the second pair of transversely disposed
opposite magnetic poles 11 and 13 such that as the elec-
tron beam issues through the annular opening in the anode
31 it has substantially zero transverse velocity v,. Also
it is desirable to initiate the beam opposite a pair of poles
which are removed from end effects of the magnetic focus-
ing structure. It has been found that the second pair
of transverse poles are sufficiently removed from end
effects to prevent undesired perturbations in the beam.
On the other hand, magnetic end effects at the termination
end of the beam are not as critical as the beam is soon
collected and instabilities of the beéam in the collector
region are actually desired to prevent localized overheat-
ing of the collector.

Referring now to FIG. 5 there is shown another em=
bodiment of the present invention. FIG. 5 is' a partial
cross-sectional view taken into the center line of a klystron
tube apparatus showing primarily the focusing structure.
More specifically, the focusing structure of FIG. § utilizes
a combined transverse dipole magnetic and transverse
electric focusing field for focusing the beam. The trans-
verse dipole magnetic field is applied by a plurality of
annular magnetic pole pieces 34 as of, for example, soft
iron. The pole pieces 34 are disposed circumscribing an
outer vacuum tight tubular envelope 35 as of, for ex-
ample, copper. The pole pieces 34 are energized by an-
nular permanent magnets 356, The permanent magnets
36 are arranged to produce successive poles of opposite
polarity spaced longitudinally. of an annular beam pro-
duced by a suitable electron gun assembly 37. A cy-
lindrical magnetic yoke 38 as of, for example, soft iron
terminates the outer magnetic circuit.

An inner cylindrical magnetic pole piece 39 is disposed
coaxially of the beam and within a circumscribing inner
tubular metallic vacuum envelope 41. “The -infer pole
piece 39 is made of a highly magnetic permeable. material
as of, for example, soft iron to function as a magnetic
mirror for having inducing-therein poles of opposite po-
larity from the outer poles 34 circumscribing the pole
picce 39. The inner pole 39 is provided with a plurality

of annular recesses 42. ‘The recesses 42 are placed to reg--

ister witk the permanent magnets 36 of the outer magnetic
focusing structure. The annular recesses 42 serve to ac-
centuate and more clearly define the induced poles in the
poie piece 39. . . . S

The magnetic mirror-like effect of the pole piece 39
causes the beam equilibrium. point, x=0, of purely trans-
verse magnetic focusing to approach very closely to'the
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surface of the inner magnetic pole 39. A transverse elec-
tric field is applied between the inner and outer:annular
envelopes 41 and 35 respectively to move the stable posi-
tion of the beam outwardly of the pole piece 39 to a point
substantially midway between the  transverse magnetic
pole pieces 34 and 39 respectively.

The transverse electric field is produced by a positive
potential applied to the outside tubular envelope 35 via
a voltage source 43 and lead 44 and a negative potential
applied to the inner tubular envelope 41 with respect to
the beam voltage via a voltage source 45 and lead 46.
The inner tubular envelope 41 and outer tubular envelope
38 are insulated from the beam potential and from each
other via insulating members 47 disposed at the ends of
the magnet assemblies. The insulating members 47 are
sealed in a vacuum tight manner and form a portion of
the tubes vacuum envelope which also includes the input
cavity resonator 48 and output resonator 49. A hollow
tubular post 59 is inserted centrally of the output cavity
49 to allow passage therethrough of the insulated lead 46
for applying the operating potential to the pole piece 39:
The accelerating electrode 51 of the gun assembly 37 is
preferably operated at the same potential as the input cav-
ity 48, beam collector 2, and the output cavity 49. Lead
52 serves to interconnect these equal potential elements.

In operation, the annular electron beam is emitted and
formed at a location closely spaced to the beginning of
the magnet focusing assembly. The provision of the half
strength permanent magnets 30 at the ends of the focus-
ing structure and somewhat less than half-width end pole
pieces 49 allows the beam to be initiated with zero trans-
verse velocity at a point such that the beam in crossing the

transverse focusing magnetic field B, produced by the first

pair of half strength pole pieces 40 and 39 will pass
through substantially one-half of the magnetic field lines
¥, that it will pass through in the next successive pair of
transverse poles 34 and 37. This is another appropriate
zero mean deflection beam injection condition. As the
beam progresses down the length of the tube, it will be
forced radially inwardly of the desired path by the action
of the transverse B, and longitudinal B, magnetic field
components and it will be forced radially outwardly of
the desired path by the action of the electric focusing field.
By properly balancing the electric and magnetic fields, the |
beam will be confined to a desired path substantially for
its entire length within the magnet structure.

Thé R.F. energy, it is desired to amplify, is fed into
the input cavity 48 to produce velocity modulation .of the
beam passable therethrough.  The velocity modulation
is transformed into current density modulation with time.
As the beam passes through the output cavity 49, it will
excite the cavity 49 in accordance with normal klystron
principles to produce a greatly amplified R.F. signal.” The
amplified R.F. signal is coupled outwardly of the output
cavity 49 via .output coupling iris 53 and waveguide 54
to a suitable load, not shown. The combined electro-
static and magnetic focusing structure described with re-
gard to FIG. 5 has the advantage that the complexity of
the focusing structure disposed inwardly of the inner tu-
bular envelope 41 may be.simplified over the focusing
structure described with regard to FIG. 1. R ’

Referring now:to FIG. 6 there'is:shown a klystron am-
plifier -embodying the transverse magnetic focusing pre-

- viously .described with regard to the traveling wave tube
- of FIG. 1. Similar reference numerals will be -utilized

65

70

75

throughout for describing similar structure. In the ap-
paratus of FIG. 6, RF. energy which it is desired to am-
plify is fed to the input cavity 48 via coaxial line 60.
.An annular beam formed by the electron gun assem-
bly 37 is projected through the re-entrant portion of the
input cavity resonator 48 wherein it interacts. with' the
R.F. electromagnetic fields therewithin to produce velocity
modulation of the beam. The beam of electrons is
focused by a magnetic field produced in the same manner
as the beam focusing field previously.described in the
structure ‘of FIG. 1. The-beam emeérges from the end
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of the magnet focusing assembly and passes through the
output cavity resonator 49 and is collected by a collector
assembly 61. In passing through the output cavity 49,
the current density modulated beam excites the electro-
magnetic fields within the cavity 49. R.F. cnergy is
coupled outwardly of cavity 49 through output iris 53,
waveguide 54 and vacuum sealed R.F. window 55 to a
load, not shown.

Referring now to FIG. 7 there is shown another em-
bodiment of the present invention in which transverse
and longitudinal magnetic focusing fields utilized for
focusing of an annular electron beam are provided by
running high electrical currents through suitably wound
coils, described below. More specifically, an electron
gun assembly 37 forms and projects an annular electron
beam longitudinally of the tube apparatus. The beam is
collected at the terminating end of the tube in an annular
collector 65. A conducting tape helix 66 is positioned
circumscribing the annular beam and closely spaced there-
to for electromagnetic interaction between a wave travel-
ing on the helix and the electron beam passable there-
along. R.F. energy is applied to the helix 68 via a co-
axial line 67, the inner conductor thereof being connected
to the helix 66.

The annular beam is focused by passing a high elec-
trical current through a low inductance outer coil 63
disposed within a plurality of suitable annular recesses 69
in an outer annular magnetic pole piece 78. The pole
piece 79 is disposed circumscribing and closely spaced to
the outer peripheral edge of the annular electron beam.
The outer coil 68 includes a plurality of loops spaced
longitudinally of the focusing structure. The current is
directed through successive loops wound such that suc-
cessive land portions of the outer pole piece 76, extending
between successive current loops, are induced to have op-
posite magnetic polarities. An inner magnetic pole piece
71 is similarly recessed at 72 to carry therewithin a low
inductance coil 73 preferably series connected with the
outer coil 68. As in the outside pole piece 69, the inside
pole piece 72 has the current directed in the individual
loops to produce successive magnetic poles of opposite
polarity longitudinally of the tube apparatus and to pro-
duce transversely disposed pole pairs of opposite polari-
ties yielding strong dipole magnetic fields transverse to
the longitudinal axis of the beam.

The coils 68 and 73 are preferably connected in series
with a suitable current pulser 74 for pulsing high cur-
rents through the coils to produce a pulsed dipole mag-
netic focusing field. A pulsed magnetic focusing field has
the advantage that a minimum of relatively heavy mag-
netic material is required and thus the weight and size
of the magnet focusing assembly may be minimized for
focusing pulsed beams where the focusing field is only
required for a small portion of the time. In such a case,
the coils 68 and 73 and pulser 74 may be suitably se-
quenced with operation of the electron gun assembly
37 such that the coils 68 and 73 are energized during the
time the beam current is on.

In operation, electromagnetic energy which it is de-
sired to amplify is fed onto the tape helix 66 via co-
axial line 67. The wave energy propagates along the
helix 66 interacting with the electron beam to produce
amplification of the wave, the amplified wave being ex-
tracted from the helix at the termination thereof and
propagated via waveguide 75 to a suitable load, not
shown. ) :

Although the above described current energized mag-
netic focusing structure has been described having cylin-
drical symmetry, if desired, the magnet structure could
be built with helical symmetry.

Referring now to FIG. 8 there is shown another em-
bodiment of the present invention utilizing transverse
magnetic and electric fields for focusing of the beam.
More . specifically, alternate longitudinally spaced annular
permanent magnets 81 and pole pieces 82 are longi-
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tudinally arranged within the interior of an inner tubular
envelope 83. The permanent magnets 81 are arranged
with respect to the annular pole pieces 82 to produce
successive longitudinal magnetic poles of opposite polar-
ity. The inner magnet structure is terminated by a tubu-
lar yoke 84 having flared ends forming the terminating
end pole pieces for minimizing magnetic end effects. An
electron gun assembly 37 projects an annular beam over
the outer peripheral edge of the inner tubular envelope
83, the beam being collected in an annular collector 85
disposed at the end of the tube apparatus.

An outer cylindrical magnetic pole piece 86 as of,
for example, soft iron circumscribes the outer periphery
of the annular beam. The pole piece 86 is provided with
two annular slots therein forming the beam field inter-
action gap and the slots are circumscribed by cylindrical
re-entrant cavities 87 and 88 forming the input and out-
put cavity resonators respectively. Annular insulators 89
are vacuum sealed to adjoining elements in a vacuum
tight manner for insulating the inner tubular envelope 83
and outer pole piece 86 from the collector 85 and elec-
tron gun assembly 37.

A transverse electric field is provided by operating the
inner tubular envelope 83 at a more positive potential
than the outer magnetic pole piece 86 and the collector
85. The more negative operating potential is applied
to the outer pole piece 86 via voltage source 91 and lead
92. The more positive potential is applied to the inner
tubular envelope 83 via positive voltage source 93 and
lead $4. The collector 85 and electron accelerating elec-
trode of the gun assembly 37 are preferably operated at
thse same potential and thus are interconnected via lead
95,

As it was found with the structure of FIG. 5, the mag-
netic focusing structure of FIG. 6, alone, will tend to
produce a stable beam path which is substantially at
the surface of the outer magnetic pole piece 86. There-
fore the transverse electric field has been provided to
move the beam radially inwardly of the pole piece 86 to
a desired stable position to minimize unwanted beam
interception by the tube envelope.

In operation input energy, which it is desired to am-
plify, is fed to the input cavity 87 via coaxial input 67.
Electromagnetic fields of the cavity 86 interact with the
electron beam to produce velocity modulation thereof.
In the time it takes the velocity modulated beam to reach
the output cavity 88, the velocity modulation has been
transformed into current density modulation which excites
the output cavity to preduce greatly amplified output sig-
nals. The amplified R.F. energy is coupled outwardly of
the output cavity 88 via iris 53 and thence propagated
to a suitable load, not shown.

In a preferred embodiment of this invention, the beam
field interaction gaps are disposed opposite .the center
of pole pieces 82 to thereby minimize undesired magnetic
focusing perturbations produced by the gap in the pole
piece 86. This particular embodiment of the present
invention has advantage in that there is produced a mini-
mum- of physical interference between the focusing struc-
ture and the beam field interaction cavities such that a
plurality of cavities- may be . physically disposed about
the beam for interaction therewith without seriously
physically interfering with the focusing structure.

Referring now to FIG. 9 there is shown an alternative
magnetic focusing structure for use im practicing the
present invention. In this structure the yoke intercon-
necting the ends of the structure:is dispensed with there-
by reducing the weight and size of the magnetic focusing
structure. In particular, a plurality of alternately spaced
annular concentric inner and outer permanent magnets
161 and 162 respectively are arranged longitudinally of
an annular beam. A plurality of annular concentric inner
and outer magnetic pole pieces 103 and 104 respectively
are disposed between successive permanent magnets 161
and 102 to produce successive poles of opposite polarity
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longitudinally of the beam. The magnets 161 and 102

are arranged to produce pairs of magnetic poles trans- .

versely of the beam having opposite polarity., In this
manner the alternating transverse dipole magnetic focus-
ing field is produced.

The pairs of pole pieces 163 and 104 disposed at the

ends of the focusing structure are designed to have ap- .

proximately twice the reluctance of the interior pole pairs
such that only approximately one-half as much mag-
netic flux passes between the end pairs of poles as passes
between centrally disposed pole pairs. The exact
dimensions of the end pole pairs are best determined by
experiment but are somewhat less than one-half the longi-
tudinal dimensions of the centrally disposed pole pairs.
When the focusing structure is as shown in FIG. 9, a
zero mean deflection beam injection condition is obtained.
Other beam injection conditions are allowable.

Since many changes could be made in the above con-
struction and many apparently widely -different embodi-
ments of this invention could be made without departing
from the scope thereof, it is intended that all matter con-
tained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. The method of focusing a beam of charged particles
including the steps of, directing a periodic dipolar magnetic
field substantially transversely of the beam, and alter-
nating the polarity of the magnetic field lengthwise of the
beam whereby the component of magnetic field trans-
verse to the mean direction of the beam deflects the beam
in cne direction and the longitudinal fringing component
between successive alternate polarities of the magnetic
field acting on the deflected particles produces a force
on the particles for focusing of the beam.

2. The method according to claim 1 including the step
of, directing an electric field transversely of the beam for
focusing thereof.

3. The method according to claim 1 including the step
of, repetitively pulsing on the magnetic field.

4. In a charged particle discharge device, means form-
ing an evacuable envelope, means for forming a beam of
charged particles within said envelope, means for collect-
ing the beam defining a path of particle flow between said
beam forming means and said beam collecting means,
means for producing a periodic dipole magnetic field of
alternating polarity longitudinally of the beam and for di-
recting the dipole magnetic field transversely of the beam
path for interacting with the beam to produce focusing
thereof.

5. In an apparatus as claimed in claim 4 including,
means for providing an electric field directed transversely
of the beam for further focusing of the beam.

6. Apparatus according to. claim 4 including, means for
pulsing the beam, and means for pulsing the periodic mag-
netic field in synchronism with the beam pulses.

7. Apparatus according to claim 4 wherein said mag-
netic field producing and directing means includes a plu-
rality of permanent magnets disposed along at least one
side of the beam path and wheré¢in said permanent mag-
nets energize opposite polarity poles transversely of the
beam path and further provide magnetic fields of alter-
nating polarity on one side of the beam path longitudinally
thereof. v ,

8. The apparatus according to claim 4 wherein said
magnetic field producing and directing means includes a
plurality of permanent magnets disposed straddling the
beam path.

9. The apparatus according to claim 7 wherein at least
one of said permanent magnets is placed on one side of
the beam path and positioned opposite a nonpermanently
magnetized pole piece on the other side of the beam
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10
whereby magnetic poles of polarity opposite to the poles -
of said permanent magnet poles are induced in saud pole
pieces transversely of the beam path.

10. The apparatus according to claim 9 including means
for applying an electric potential difference transversely
of the beam to focus the beam away from said nonperma-
nently magnetized pole piece.

11, The apparatus according to claim 6 wherein said
means for pulsing the focusing magnetic field includes
a low inductance coil disposed along the beam path at
least on one side thereof.

12. The apparatus according to claim 11 including, a
highly magnetic permeabie member disposed adjacent said
low inductance c¢oil for inducing therein the magnetic
poles of alternating polarity longltudmally of the beam
path.

13, Appsaratus according to claim 12 wherein said mag-
netic ‘permeable member is recessed and carries within
the recess said low inductance coil.

‘14. Apparatus according to claim 13 wherein the recess
in said magnetic permeable member is helical.

15. Apparatus according to claim 4 wherein said mag-
netic field producing and directing means includes, a first
set of permanent magnets, a first set of magnetic pole
pieces, said first set of permanent magnets and pole pieces
being alternately spaced in abutting relationship along the
beam path and being disposed at least on one side of the
beam path, and said first set of permanent magnets provid-
ing magnetic poles of alternating polarity lengthwise of the
beam path.

16. Apparatus according to claim 15 including, a sec-
ond set of permanent magnets, a sécond set of magnetic
pole pieces, said second sets of permanent magnets and
pole pieces being alternately spaced in abutting relation-
ship along the beam path on the side thereof opposite from
said first permanent magnets and pole pieces, said second
set of permanent magnets providing magnetic poles of
alternating polarity lengthwise of the beam path, said
second sets of permanent magaets and pole pieces being
disposed with their magnetic poles in approximate trans-
verse registry with the magnetic poles of said first set of
permanent magnets and pole pieces, and said registered
poles being of opposite polaruy transversely of the beam
path.

17. Apparatus according to claim 16 including, terminat-
ing magnetic pole pieces disposed at the end of each of
said first and second sets of permanent magnets and pole
pieces, and wherein the magnetic reluctance of ‘said ter-
minating pole pieces is approximately twice the reluctance
of other register pole pieces.

18. The method according to claim 1 wherein said beam
is a sheet beam being dimensioned to have an extent trans-
verse to its Jongitudinal axis greater than twice its thick-
ness.

19, The method according to claim 1 wherein the beam
is an annular sheet beam.

20. The apparatus according to claim 4 wherein the
beam is a sheet beam being dimensioned to have an extent
transverse to its longitudinal axis greater. than tw1ce its
thickness.

21. The apparatus accordmg to claim 4 wherein the
beam is an annular sheet beam.
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