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- Figure 4.5 is a block diagram of a medical linear accelerator showing major
components and auxillary systems. A power supply provides DC power to the
modulator which includes the pulse forming network and a switch tube known
as hydrogen thyraton. High voltage pulses from the modulator section are flat
topped DC pulses of a few microseconds in duration. ‘T'hese pulses are delivered
to the magnetron or klystron® and simultaneously to the electron gun. Pulsed
microwaves preduce? in the magnetron or klystron are imjected into the
accelerator tube or structure via a waveguide system. At the proper instant
electrons, produced by ‘an electron gun, are also pulse-injected into the accel-
erator structyre.

The accelezator structure consists of a copper tube with its interior divided
!Jy copper discs or diaphragms of varying aperture and spacing. This section
1S evacuated_ to a h1:gh_ vacuum. As the electrons are injected into the accelerator
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allowed to proceed straight on and strike a target for x-ray

the higher energy linacs, howevdr, the accelerator structure 1S

therefore, is placed horizontally or at-an angle with respect to

too long and, t placed hc _ angle with
electrons are then bent through a suitable angle (usually

about 90° or 270°) between the accelerator structure and the target. The
o of the electron beam 1s acco_mplished by the beam transport

system consisting of bending magnets, focusing coils, and other components.

electrons are

A. The Linac X-ray Beam

o — I —— L

Bremsstrahlung x-rays are produced when the electrons are incident on a
target of a high 7 material such as tungsten. The target is water cooled and 1s
thick enough to absorb most of the incident electrons. As a result of brems-
strahlung type . teractions (Section 3.4A), the electron energy is converted
into a spectrum of x-ray energies with maximum energy equal to the incident
electron energy. The average photon energy of the beam 18 approximately one-

third of the maximum energy. . |
It is customary for some of the nanufacturers to designate their linear

-ccelerators that have both electron and x-ray treatment capabilities by the

—_—

CagiTAum energy of the electron beatr availabler For example, the Varian
~CTinac 18\unit produces electron beams of energy 6, 9, 12, 19, and 18 MeV and
-Tays of energy 10 MV. [t should be noted that the electron beam 1s designated
by million electron volts because it is almost monoenergetic before incidence
on the patient surface. The x-ray beam, on the other hand, 1s heterogeneous
in energy and is designated by megavolts, as ¢ the beam were produced by

applying that voltage across an x-ray tube.

B. The Electron Beam

As mentioned earlier, the electron beam, as it exits the window of the
acceleratoir tube is a narrow pencil of about 3-mm diameter. [n the electron
mode of linac operation, this beam, instead of striking the target, is made to
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D. Target and Flattening Filter

In Section 3.4A, we discussed the angular distribution_of x-rays ploduced
by el_egtgms_oﬁtarzous_enelgms incident on a target. Since linear accelerators
produce electrons in the megavoltage range, the x-ray intensity 1s peaked in
the forward direction. In order to-make the beam intensity uniform across the
field, a flattening filter is inserted in the beam (I'ig. 4.6A). T'his filter is usually
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