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6.3.5 Limitations

1. One major limitation of Van de Graaff accelerator is its low-current output. The beam
current in this accelerator is of the order of pA.

2. The ion source in this accelerator is also in the high-voltage area like that of
Cockeroft Walton accelerator.
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6.5 LINEAR ACCELERATOR (LINAC) OR DRIFT TUBE ACCELERATOR

A linear particle accelerator (also called a LINAC) is an electrical device for the acceleration of
subatomic particles. This type of particle accelerator has many applications, from the generation
of X-rays in hospitals, to an injector into higher energy accelerators at a dedicated ex;)erimental
particle physics laboratory. The design of a LINAC depends on the type of particle that is being
accelerated: electron, proton or ion. They range in size from a cathode-ray tube to the 2-mile long
Stanford Linear Accelerator Center in California.

LINACs of appropriate design are capable of accelerating heavy ions to energies
exceeding those available in cyclic accelerators (to be discussed in Section 6.7). which are
limited by the strength of the magnetic fields required to maintain the ions on a curved path.
High power LINACs are also being developed for production of electrons at relativistic
speeds, required since fast electrons travelling in an arc lose energy through synchrotron
radiation; this limits the maximum power that can be imparted to electrons in a synchrotron
of a given size.

6.5.1 Principle

Charged particles can be accelerated by allowing them to fall through a suitable potential
difference.
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6.5.2 Construction

Linear accelerator consists of a number of hollow metallic cylindrical electrodes of increasing
length, arranged in a straight line as shown in Figure 6.4. Alternate electrodes. i.e., the first, third,
fifth, etc. are joined to one terminal A and the second, fourth, sixth. etc. to other terminal B of a
high frequency generator. In this arrangement alternate electrodes carry opposite electrical
potentials. For example, in a particular half-cycle of the oscillation all the odd-numbered
electrodes would be positive whereas those with even numbers would be negative. In the next

half-cycle, the potentials are reversed.
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Figure 6.4 (a) the first drift tube is negatively charged. It means beam of +ve ions will be accelerated,
(b) the first drift tube is positively charged. It means beam of +ve ions will not be accelerated,

6.5.3 Working

Suppose positively charged ions from the ion source S move from left to right along the common
axis of the cylindrical electrodes. While passing through electrode 1, ions receive no acceleration,
since they are moving in a field-free region. However, in traversing the gap between the 1st and
2nd electrodes, the ions are in the region in which there is a difference of potential. If the Ist
electrode is positive and 2nd is negative, the positively charged ions are accelerated while
crossing the gap. The positive ions then enter the 2nd electrode. and travel through it at a constant
speed but at a higher velocity than in the st electrode. The length of this electrode is such that just
as the ions reach the gap between 2nd and 3rd electrodes, the polarity of electrodes gets reversed,
i.e. 2nd electrode becomes positive and 3rd becomes negative. This causes the positive ions to get
additional acceleration in this gap also.

By making successive electrodes increasingly longer, to compensate for the increasing speed
of the positive ions, it is possible to keep the ions in phase with the oscillating frequency. The
positive ions gain energy each time they go from one electrode to the next.

If ¢ is the charge on the ion, ¥, (volts) is the peak value of the ac frequency applied to the
electrodes, then in each gap ions acquire energy = gV, eV. If there are n such gaps, then

Energy acquired in gaps = nql eV. 61
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The total kinetic energy acquired in n gaps = % mo?.
Equating these two energies

1 2
Emv,, =nqV,

v, = | 22% ©2)
m

In these calculations, we have assumed that v, <<c.
Equation (6.2) shows that in order to get a high-energy beam

or

o the peak voltage 7, of the oscillator should be higher.
o the number of gaps 7 should be as large as possible.

If fis the frequency of the oscillating potential, the time duration of a half-cycle is
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where v, is the velocity of the jons in nth cylinder.
For synchronization, we must have

L _ L
v, 2f
or
vn
Ln - ﬁ
Substituting for v, from Eq. 6.2)
. 2ngVp
L,= 27V m (6.3)

In 1931, Sloan and Lawrence built the first linear accelerator and using this accelerator they

accelerated Hg ions to 2.85 MeV with peak oscillating voltage of 42 kV only.
Linear accelerators generally require very big set-ups. For example, LINAC at Los Almos in

USA accelerating protons to 800 MeV is 805 metres long.

6.5.4 Advantages

1. Requirement of generating very high-voltages ~ million volts range is avoided in these
accelerators.
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6.5.5

They are economical for obtaining very high-energy particle beams.
They provide well-collimated beam of accelerated ions.

Limitations

They are inconveniently long in size.
They require extremely high frequency oscillator.
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6.3 VAN DE GRAAFF ACCELERATOR

This accelerator was develo.p(?q by Robert J. Van de Graaff in 1931 at Massachusetts Institute of
Technology; USA and was 1n1-t1ally capable to stand a potential difference of 5 million volts but
Jater on it was upgraded to withstand a potential difference of 7 million volts.

6.3.1 Principle

van de Graaff accelerator is based on the principle that if a charged conductor is brought in
internal contact with another conductor, which is hollow, all of its charge gets transferred to the
hollow conductor, no matter how high the potential is on the later. Therefore, by successively
adding charge, the potential of the hollow conductor can be raised to any desired value.
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6.3.2 Construction

It consists of a hollow spherical-shaped conductor,
which is mounted on a long insulating support. The
hollow conductor is also known as high-voltage
terminal or terminal or dome. An insulating belt
made up of silk, rubber or plastics, etc., passes over
two frictionless pulleys, Py and P,. Pulley Py is
mounted on the grounded end of the structure, while
second pulley P, is enclosed within spherical-shaped
high-voltage terminal as shown in Figure 6.2. C,and
C, are two sharp pointed combs. Comb C;, called
spray comb, charges the belt with charge sprayed by
its sharp needles, close to the belt at the ground
pulley. This comb is connected to a power supply
that raises its potential to a few tens of kilovolts.
The comb C, is called charge collection comb
and is placed near the belt inside the high-voltage
terminal or dome and is connected to the inner side
of the dome. An ion source is placed inside the dome
and is connected to the accelerating tube A. On the
other side of the accelerating tube, the target is
placed in the vacuum. The entire accelerating tube is
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highly evacuated. This is to make sure that acceler-
ated particles do not collide with air molecules and
get scattered. Entire structure which includes high-
voltage terminal, pulleys, belt, etc. is enclosed in a
steel pressure tank (not shown in Figure 6.2) in

Figure 6.2

7

Target

Schematic diagram of Van de
Graaff accelerator.
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6.3.3 Working

A dc potential of 5 KV to 50KV is applied «".lt a point B the positi\fe end is Connecteq {

C, and negative end is grounded. The belt.ls run at high spct?d with the help of motoro the com
C, is connected to high-voltage supply. an intense CI.CCU_’DSlat'IC field is set up near g o € cony
of the comb. This field produces positive and negative ions in the air. This dischgy, : 5 Poinyg
known as Corona discharge. (The electric field gradient at the surface of the confe of ajr isa[50
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where C is the total capacity and Q is the total charge on the conductor.

In principle. the potential can be increased without limits as we add more and more charge g,
However, in practice a limit is imposed on the potential by the electric breakdown (sparking) of
the insulating column that supports the dome or of the surrounding atmosphere. When air is
surrounding the high-voltage dome, it can stand voltages up to about 2-5 MV. However, if the
entire accelerator is enclosed in SFg gas, it can stand voltages up to about
20 MV. When the applied potential difference is low, few hundreds of kV, as in small Van de Graaff
accelerators, the gases used are dry Nj, CO,, etc.

6.3.4 Advantages

1. The Van de Graaff accelerator has one enormous advantage over the Cockeroft Walton
accelerator. The terminal voltage of Van de Graaff accelerator is highly stable. Terminal
voltage is constant within +0.1%. This means that the spread in the energy of accelerated
particles is from 1 keV to 10 keV, when the energy of accelerated particles is between 1
and 10 MeV.

2. The energy of the accelerated particles is higher compared to Cockeroft Walton
accelerator.




