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made of lead, although tungsten, urmmm':,‘ steel, z:md aluminum or a combi-
ation have & d or suggested. The choice of target and flattening
natie ave

rials he

lso been use
filter mate ' been discussed by Podgorsak et al. (4).
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£E. Beam Collimation and Monitoring

s first collimated by a fixed primary collimator located

snmediately beyond the x-ray target or scattering foil. In the case of x-rays,
- ated beam then passes through the flattening (ilter. In the electron

node, the filter 18 moved out of the way (I1g. 4.6B).
The flattened Xx-ray eam or the electron beam 1s incident on the dose

onitoring chambers. The monitoring system consists of several 1on chambers

m ks .
Or o chamber with multiple plates. Although the chambers are usually

or a sIng .
' ' o. flat parallel plate chambers to cover the entire beam,

transmission Ey%e,
metal SGLeeve - '
(‘:vlin(lricnlﬂnnL o ¥hambers have also been used in some Iinaes,

he ion chamber is to monitor dose rate, integrated dose,

The function of t
and field symmetry. Since the chambers are in.a high intensity radiation field

and the beam is pulsed, 1t 1s important to make sure that the 1on collection
efficiency of the chambers remains unchanged with changes in the dose rate.

Bias voltages in the range of 300 to 1000 V are applied across the chamber
: ] . ""' —— O -_-.,*:-1.._-‘..,‘. € Y\ Ol - . )
electrodes, depending on the chamber design. Contrary to the beam  calibration

chambers, the monitor chambers in the treatment head are sealed so that theit

The treatment beam 1

response is not influenced by temperature and pressure of the outside air.
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However, these chambers have to be periodically checked for leaks.
After passing through the 1on chambers, the beam is further collimated by

a continuouslylmovable x-ray collimaton, This collimator consists of two pairs

of lead or tungsten blocks (jaws) which provide a rectangular opening from 0
% 0 to the maximum field size (40 X 40 cm or a little less) projected at a
standard distance such as 100 cm from the x-ray source (focal spot on the
target). The collimator blocks are constrained to move so that the block edge
is always along a radial line passing through the target. '

The fig}gr size definition is provided by aﬂig_ht localizing system in the
treatment head. A combination of mirror and a light source located in the
space between the chambers and the jaws projects a light beam as if emtting
f{_(_:m} the x-ray focal spot. Thus, the light field is congruent with the radiation

Tf:leld. Erequent checks are required to ensure this important requirement of
ield alignment.

Whereas the x-ray collimation systems of most medical linacs are similar,
tl}e electron collimation systems vary widely. Since electrons scatter readily n
alr,_the beam c9llimati0n must be achieved close to the skin surface of the
I‘:j:lgrgés riII‘]l:;(]B:;el'lSra*]COHSiderabl? scattering of electrons from the collimator
¥ b The call itl;l;%ot-le' movable Jaws. Dose rate can chz}nge b.y a f‘ac“cor of 2 or

R clectrons ave CO];il JEIWIS bare‘ opened tf) maximum field size hnnt‘s. If the

i s r?a‘ e( "y the same jaws as for X-Tays, there W}H be' an
output is gg_é,ii%_é_‘li_lTle(1U1lenle11§ on the accuracy of the jaw opening Since

tput is 5o critically dependent on the surface area of the collimator. This




’I‘IO-N GENERA'I‘ORS

keeping the x-ray collimator wide_open ang
I) {eel ﬂ_,.....f----'"‘"""""'_#*_ i SR SRR - HH_:""‘**--.,..
ed DY~ for electrons. l_n_.f’_—h?_..if?}-m---(?ﬁ;-tEml}l@lS
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collimator consists of ¢  the electron scattering, the (

tioned that, due tO . | \ : Ose

It should be mentio . y ‘nfluenced by the colhmati()n

distribution in an electron ‘
system provided with the machine-

{lt!!

Most of the linear accelerators currently proFlucedlﬂgf;iiozl;;miti? SO that
‘he source of radiation can rotate .bout a horizonta g. 4.7). As the

, . . R the
cantry rotates, the collimator @_}ﬁg_(s_upposedly coincident with he central

. axis
of the beam) moves in a vertical plane. The point of 1ntersection of thg

collimator axis and the axis of rotation of the gantry 15 known as the isocenter
The isocentric mounting of the radiation machines has advantages over fhg

units that move only up and down. The latter units are not sultable fo,
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chniques in which heams are_directed from different
at, the same_ point,’ the isocenter, placed inside the |
Cric units are usually swivel mounted, e the
ated in any direction while the gantry
l these units are not as flexible
and less cxpensive than the

traatmunt Le

directions hut, intersect
the nonisoce

atient. However,
head can be swiveled or rot
ard. Althoug

ly upward or downw
hanically simpler, morc reliable,

' 4.4 BETATRON
tron is based on the principle that an electron in

q changing magnetic field experiences qcceleration 1n a circular orbit. Figure

4.8 shows a schematic drawing of the machine. The qccelerating tube is shaped

like a hollow doughnut and 1s placeg hetween the poles of an alternating
troduced into this evacuated doughnu{

current magnet. A pulse of electrons is in

hy an injector at the instant that the alternating current cycle begins. As the
magnetic field rises, the electrons experience acceleration continuously and
spin with increasing velocity around the tube. By the end of the first quarter

cycle of the alternating magnetic field, the electrons have made several
thousand revolutions and achieved maximum energy. At this instant or earlier,

depending upon the lectrons are made to spiral out of the
+ Ly an additional attractive -

energy desired, the e a 1
orbit by an add rons then strike
¢ - a scattering foil to produce a

treatmcnt
» O

The operation of the beta

force. The high energy elect
broad beam of

electrohs.
d for radiotherapy in the early 1950s. They_p_;ﬁe_ﬁ_qe__ded :

Betatrons were first use
tors by a few years. Although the betatrons

the introduction of linear accelera
therapy beams over a wide range of energies,
y low electron beam

can provide x-ray and electron

from less than 6 to MOTe€ than 40 MeV, they are inherentl
medical

current devices. ‘The x-ray dose rates and field size capabilities of
betatrons are low compared to medical linacs and even modern cobalt units.

However, in the electron therapy mode, the heam current is adequate to
rovide a high dose rate. The reason for this difference between x-ray and |
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Figure 4.8. Diagram llustrating the operation of a betatron.
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