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The present invention relates to a linear accelerator 
for charged particles and, more particularly, to a spiral 
beam linear accelerator. 
With the increased utilization of accelerators for 

charged particles as tools in the field of nuclear physics 
for research purposes and in the field of production of 
radioactive isotopes, such accelerators must be capable 
of handling beams of charged particles having larger 
current intensities than has heretofore been achieved and 
with a higher degree of efficiency. The linear type of 
particle accelerator is inherently capable of handling 
higher values of current than cyclotrons, betatrons, or 
synchrotrons because the latter depend upon revolving 
charged particles an enormous number of times while 
increasing the energy thereof and thereby increase the 
possibility of losing particles with the resultant decrease 
in the value of the output current. Another disadvantage 
arises from the difficulty in removing the accelerated beam 
out of the accelerator apparatus. With a linear accelera 
tor of the Sloan-Lawrence type the charged particles are 
increased in energy by a series of favorable electric fields 
disposed along a linear path and a given particle energy 
can be readily achieved in a much shorter length of path. 

In the past, it has been found that a foremost problem 
has prevented the achievement of a stable focussed beam 
with a linear accelerator in that beam instability has 
arisen from the defocussing effect of the accelerating 
electric fields and from the mutual repulsion of the 
charged particles within the beam (sometimes referenced 
as space charge defocussing). The problem of focussing 
has been met in one type of linear accelerator (Alvarez, 
U. S. Patent No. 2,545,595, March 20, 1951) by the use 
of focussing foils; however, such foils tend to decrease: 
the efficiency of the accelerator. 
The above-mentioned difficulties and disadvantages of 

previously-known linear accelerators are overcome with 
the present invention by providing a radial electric field 
transverse to the accelerating electric fields and angularly 
introducing the beam of particles into the fields. The 
result of the foregoing is to achieve a beam which spirals 
about the axis of the acceleration path. The combination 
of the electric fields and angular motion of the beam 
cooperate to provide stability and focussing. 

It is therefore an object of the present invention to 
provide a new and improved linear accelerator. 
Another object of the invention is to provide a new 

method and apparatus for focussing a beam of charged 
particles during acceleration. 
A further object of the invention is to provide a linear 

accelerator having a spiralling beam. 
Still another object of the invention is to provide a 

linear accelerator having means to neutralize the effects 
of space charge. - 

Another object of the invention is to provide a linear 
accelerator wherein charged particles are angularly intro 
duced into a series of accelerating fields substantially 
parallel to the acceleration path and radial fields trans 
verse to such path. 
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2 
Other objects and advantages of the invention will be 

apparent in the following description and claims con 
sidered together with the accompanying drawing which is 
a schematic cross-section of the invention. 

Referring to the drawing in detail, there is provided an 
elongated vacuum-tight tank I having conventional 
evacuating means (not shown) communicating therewith. 
Disposed at one end of the tank 1 is a conventional ion 
source 42 which provides a beam of charged particles 13 
having a high value of current. The ion source 12 may 
readily be mounted within the tank 1 or, as illustrated, 
disposed externally to inject the beam 13 through a com 
municating tube 14. A plurality of hollow and open 
ended drift tubes 16 is disposed coaxially within the tank 
11. Such drift tubes 6 are of graded lengths with the 
shorter disposed adjacent to the ion source end of the 
tank Ei and are spaced-apart along the axis to provide 
gaps of increasing length with the shorter gap occurring 
at the ion source end of the tank. 
A first conductor 7 is disposed parallel to the axis of 

the tank it, in insulated relation with respect to the 
tank and is connected electrically to alternate drift tubes 
16 commencing with the drift tube closest to the ion 
Source end of the tank (i. e., the odd numbered drift 
tubes). A second conductor i3 is similarly disposed 
parallel to the axis of the tank it, in insulated relation 
with respect to the tank, and is electrically connected to 
alternate drift tubes 16 commencing with the second 
closest drift tube to the ion source end of the tank. The 
mountings (not shown) of the two conductors 17, 18, as 
Well as the two conductors and the electrical connections, 
may readily support the drift tubes 6 within the tank 11. 
To provide suitable acceleration of charged particles 

injected into the opening of the first drift tube 6, a high 
frequency alternating voltage is impressed upon the first 
and Second conductors 17, 13 from a radio-frequency 
power supply 2i. Since such accelerating voltage has a 
high frequency, the feeder system comprises two stem 
conductors 22, 23 electrically connected at a point of 
Zero voltage by a shorting bar 24. Output terminals 26, 
27 of the radio-frequency power supply 21 are respec 
tively coupled to proper impedance points on the stems 
22, 23 by capacitors 28, 29 so that the combination of 
the stems, first and Second conductors 7, 18 and drift 
tubes ié provide a resonant system at the frequency of 
the radio-frequency power supply. With the ion source 
i2 operating to inject a beam of charged particles 
through the drift tubes 5 along the axis of the tank 

and with a target 3 disposed to receive the acceler 
ated beam at the end of the tank opposite the position of 
the ion source, the structure thus far described and the 
operation thereof is that of a conventional linear ac 
celerator. 
To overcome the aforementioned difficulties and dis 

advantages inherent in conventional linear accelerators, 
Structural modifications and additions are required which 
will be set forth hereinafter. An elongated electrode 32, 
having a substantially small cross-section in comparison 
to that of the drift tubes 16, is extended through the drift 
tubes along the axis of the tank 11. To impress a suitable 
Voltage upon Such elongated electrode 32, a conventional 
high voltage direct current power supply 33 is provided 
with one terminal 34 connected to ground and another 
terminal 36 connected to the electrode. A second con 
ventional direct current power supply 37 is connected 
with a terminal 38 tied to the shorting bar 24 of the stem 
conductors 22, 23 and another terminal 39 connected to 
ground. Such second power supply 37 provides a source 
of bias voltage to the drift tubes 16 and, together with the 
high voltage power supply 33, establishes a uniform radial 
electric field within each of the drift tubes 16. With 
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the elongated electrode 32 installed; as stated above, 
the ion source 42 is disposed in such manner as to inject 
an ion beam 13 angularly into the radial electric field 
of the first drift tube 6; that is, the ion source is dis 
posed off-center with respect to the center of the end wall 
of the tank 1 and the communicating tube 13 is angularly 
extended through the end wall. . . . . - . 
To accelerate positively charged particles the negative 

terminal of the high voltage power supply 33 is connected 
to the elongated electrode 32 and the positive terminal 
of such power supply is grounded. A low value of bias 
voltage is provided to the drift tubes 6 by the connection 
of the power supply 37 to the shorting bar 24 of the stem. 
conductors 22, 23. It will be readily apparent then that 
a liniform radial electric field is established between the 
elongated electrode 32 and the drift tubes i6. It is well 
known that charged particles moving along a path trans 
verse to an electric field are acted upon by a force which 
causes same to transverse a cirved path. Thus by inject 
ing particles from the ion solirce 12 as a beam along a 
path which has a component parallel to...the electric field 
and also a component transverse to the field, the beam is 
forced to follow a spiral path because of the attractive 
force established toward the elongated electrode 32. The 
particles of such beam are also acted upon by a centrifugal 
force which is a repulsive force away from the elongated 
electrode 32. When the attractive force and the repulsive 
force acting upon the particles are balanced there exists 
a stable “potential well” which confines the charged par 
ticles to a substantially constant spiral path for the length 
of the accelerator. It can be readily proven mathematical 
ly that: the motion of the particles parallel to the elon 
gated electrode 32 is independent of the established 
“potential weil" so that accelerating electric fields dis 
posed along the spiral path do not disturb the "potential 
well.' - . . . . 

Thus, in operation the ion source 2 introduces charged 
particles in a beam 3 with an initial velocity at an angle 
to the direction of the electric field between the elongated 
electrode 32 and the drift tubes: 16. An arguiar momen 
tum is then imparted to the particles of the beam by the 
radial electric field and the beam follows a constant spiral 
path. As the charged particles of the beam 13 approach 
the gap between the first and second drift tubes. 16, 
nearest the ion source 12, the radio-frequency power Sup 
ply 21 impresses an increasing electric field between the 
two drift tubes to increase the energy of the particles 
during traversal of the gap. Because of the strong forces 
acting upon the particles to maintain the beam in the 
“potential well,” the substantially lesser defocussing forces 
at the gap produced by the accelerating electric field are 
not effective to disrupt the spiral path. Thus phase 
stability, as well as particle focussing, are maintained dur 
ing the acceleration action. While the voltage of the 
radio-frequency power supply 21 is reversing polarity the 
particles drift through the second drift tube 16 and reach 
the following gap. when an accelerating electric field is 
presented. The foregoing action continues successively 
while the beam 13 spirals in the “potential well” between 
the elongated electrode 32 and the drift tubes 16 until 
the final gap has been crossed and the target 31 reached. 
Since the beam 13 has a spiral configuration about the 
elongated electrode 32, the presence of the elongated 
electrode at the center of the beam introduces a charge of 
opposite polarity to that of the particles and thereby 
neutralizes the effects of space charge defocussing. 
In accordance with the foregoing, it has been found 

that a beam of protons is accelerated to provide a stable 
well-focussed output beam with higher energy and with 
substantially no loss of particles under the following con 
ditions: 

1. Diameter of drift tubes 16: 6inches. . . . . 
2. Diameter of elongated electrode 32: 34 inch. . . . . . . . 
3. Frequency of radio-frequency power supply 2: 12.6 

megacycles per second. 

2,836,759 
4 

4. Ratio of gap between drift tubes 16 to length between 
center-lines of successive gaps: 0.2. 

5. Constant voltage gain per gap: 10 kilovolts. 

O 

6. Voltage between elongated electrode 32 and drift 
tubes 16: 50 kilovolts. Y 

7. Injection voltage: 25 kilovolts. 
8. Twelve drift. tubes 16 giving a final energy of 120 

kilovolts. - 

It will be readily apparent from the above example, 
that, by a mere alteration of the values set forth, a much 
greater final energy is attainable. Also, because of the 
necessary increased lengths of the final drift tubes in an 
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accelerator having a plurality of drift tubes, a second 
accelerator section may be used with a higher value of 
acceleration voltage frequency to further accelerate the 
beam of particles. Such use of two accelerator sections. 
is simplified because of the great stability and focussing 
of the beam at the output of the first section and permits 
the use of shorter lengths of drift tubes at the high energy 
end of the accelerator than is otherwise possible. 

While the salient features of the present invention have 
been described in detail, with respect to a single embodi 
ment, it will be apparent that numerous modifications 
may be made within the spirit and scope of the invention 
and it is therefore not desired to limit the invention to 
the exact details shown and described except insofar as 

... they may be defined in the following claims. 
3. 

What is claimed is: . . . . . . . . . . . . . . . . . . . 
1. In a linear accelerator, the combination comprising 

a vacuum-tight tank, a plurality of drift tubes mounted in 
coaxial spaced-apart.relation along a linear path in Said 
tank, means connected to said drift tubes to provide a 
plurality of radio frequency accelerating electric fields 
along said linear path, an elongated electrode extended 
through said drift tubes, direct current power Supply 
means connected between said electrode and said drift. 
tubes to provide a radial electric field, and means dis-, 
posed at one end of said tank for injecting particles hav 
ing an angular momentum into said radial electric field 
and said particles having a charge attracting same toward 

is said electrode, whereby said particles are accelerated in 
a substantially constant spiral about said electrode. w 

2. In a linear accelerator, the combination comprising 
a vacuum-tight tank, a plurality of drift tubes mounted 
in coaxial spaced-apart relation along a linear path, a 

50 

source of radio-frequency accelerating yoltage connected 
between successive pairs of said drift. tubes to provide a 
plurality of accelerating electric fields along said linear 
path, an elongated electrode mounted coaxially with 
respect to said drift tubes along said linear path, direct 
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current power supply means connected with a negative 
terminal thereof to said electrode and a positive terminal 
thereof to said drift tubes to provide a uniform radial 
electric field in each of said drift tubes, and particle in 
jecting means mounted at one end of said tank in angul 
larly relation with respect to said radial electric field and 
disposed to inject positively charged particles into said : 
radial electric field with an angular momentum, whereby 
particles are accelerated in a substantially constant spiral 
about said electrode. . . . . . . . 

3. In a proton linear accelerator, the combination com 
prising a vacuum tight tank, a plurality of drift tubes - - 
coaxially mounted in spaced-apart relation along a 
linear path, a source of radio-frequency accelerating 
voltage connected between successive pairs of said 
drift tubes to provide a plurality of accelerating electric 
fields along said linear path, an elongated electrode 
mounted coaxially with respect to said drift tubes along 
said linear path, direct current power supply means hav 
ing a negative and a positive terminal with said negative 
terminal connected to said electrode and said positive 
terminal connected to said drift tubes, and a proton ion 
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Source mounted angularly at one end of said tank to pro- References Cited in the file of this patent 
vide a beam of protons directed into the region between UNITED STATES PATENTS 
said electrode and drift tubes with an angular momen 
tum, whereby said protons are accelerated in a substan- 2,545,595 Alvarez --------------- Mar. 20, 1951 
tially constant spiral about said electrode. 5 FOREIGN PATENTS 
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