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AnSTRACT

The efeet of the various parametere that are likely to afeet the
percentage backwcattered radiation outside a wooden phanton were studied.
lt was found that the percentage baekEcatter increases with te increase
of irradieted area, focal scatterer dietance and he hardness of radiation
used. For ll م rediation qualities investigated, tne percentم ge backecatter

backward dietance from the scatterer l0 cn. Wideم howe a nuimu atه 
variatioولا DsDally occor for eoft radiations at al ه hackward distances
from the scatterer. The percentage backEcatter dietribution was found to
deviate appreciahly from the inrerse square law within ٥ range of 10%.
lt was also found that the walue of percentage backEcatter at one meter
from the Ecatterer difTers considerably from the generally accepted value
0.1% of the intenaity of te primary beam at the scatterer(').

INTRODUCTION

BackseAttered radiations from objects exposed to primary F-ray beams
comprisc a possible source of radiation hazard to workers in radiological
installations.

Detailed tady ه of sch rediaDions is essential for computing the most
appropriate thickneese of eecondary protecLion barriers. The vvork of
previoas workere ( 2, 3. 4, 5, 6 and 7) in tle field of radiation protection

(1) H. E. John9, (1961). THe Rhseicو o£ Radiology, Rage 635.
(2) H, E. John9, J. W. Banr wad S. 0. Fedoruk (1954). Brit. J. nadiol. 27, 443
(3) J. R. Greeniag (954)، Brit J. Radiol. 27, 532.
(4) J. H. Marin and Ann Esan1959)ف ). Brit. J. Radiol. 32, 7.
(5) Aaron. P. S3nder8, C, W. Chia, Y. W. Shame, Rohert, J. Reeveو and George.

J. Baylin (1960). Radiology, 75, 595.
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2tata}4 confined t assessncnt of percenLage scattered radiatio in7 ذة»
.pecifiedl dirctions؟ 

In ni٠v of 1he complexity and variety of the results obtained it was
fel٤ tluat. s ,٨ar ؟ no conelusive results are yet availمble, and that furuer
rperinen١١al work is still needed By tleoreticians before they can rsta­
hlisl a concrete solution of the general problemn of backscatter٠

The prcsent iuvesiigation is taken up witl a view of providing such
experimental data conccring tle various parameters that are likely to
influcnce the percentage bacl:scatter K-Tadiation outsie the phantom
relatire to strface tlose.

'Th mrain factors invcstigated are

1. Raiation ruality
2. Iradiated area ;
3, Focnl-scatterer dlistancc
،1. Lateral dietanee from tle principal axis
5. Iackwar istance from tlc scatterer

METHOD AND APPARATUS

( H.VL)
(1.٨.)
(F.5D.)
(LD.)
(D.D.)

For thc results to be norc conprelensive, the usua operating condi­
ti٥n١s af X-rays are chosen comprising :

Radition «ualities of half-value layers ranging from 0.l to-ز 
1.6 wn {n.

ii -- Irratliatctl areas ranging from 24 t٨ 300 cm".
iii - [aeal-scatterer distances ranging from 30 to 75 cm.
iv -- Iatcral dlistances fronn the principal aris ranging from 30 to 90 cm.

. Backwvard «listauces fron the scatlerer ranging from 0 to 60 cm.

Meج eurcmcnts were carried out wsing rctangular fields and restricted
to the plance contAining the principal axis of the primary heam parallel
to long side of the rectangalar field. Figure (l) illustrates the Jet up
±sct] for ntusuremnents,

Th٨ hackscatIered radiation teasmrenIctts wcrc correcteD far ecatter­
i from air and surrountings anl expressed as percentage scatter Ds/Dp

(1) I. E. Johns (1961). TH Phyeics of Radiology, Pege 324.
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٤ l00, wlyere Ds is the Fcaltered dose at a ccrtain position lateral to Le
pluanton and Dp is tle dase at a point on tle axis of tc usf] bean at
the surface of tlc phantomn.

Lcaknge radiation from the tube housing under narimun operatinIg
conditions at the nearest point to K-ray head was found to be 0.093 nr/m ;
a value whicl is relatively insignificant over tle periods of eRposurcs
encountcred in the measuremcnts throughout this investigation1.

The X-ray machine vscd for this inrestigation is a Philis 250 K٧
25 mnA, deep therapy unit. The hantom م used is madr of wooden cubcs,
of 8 cn side and dcnsity of 1.0 gm/c.c. The phantom has a croEs-scctional
arca o40أ r 40 en- and a thickness of 24 cmn.

Tle dlosemeter wsed i Phiips ق ء universal doseneter with ionization
and coudenser chambere far measurig primary and scattered doses
respectively.

IESULTS AND DISCUSSIONS

Tle reaults obtained for the scattered doses at tle seleeted poEitions
were corrected for €cattering due to air and surroundigs. These results
after correction are giren as percentage lackscater relativc to the dose
at tle ccntcr of the irradiated area on the surface of the phantom.
Figure (2) shows a sample of tle conditions at which the percentnge back.
scattered radiation was calculated. Ln uhe diagram each percentage is givcn
at the corresponding position ndه isodosc cures are then draw.

The percentage baekseaTter ralues at various angles from the womal
to the center of the irradiated area ( as sbaw in the diagram ) are dedueed
hy drawing te lines making angle115%,90=8)و ° and 1350 ). 'The
points of interscction of teae lines witl the isodose curvcs give the
requircd values. Tlese values and their distances fron te center of
the irradiuted area are given in table (l).

Jtelations between tle porcentage backEcatter valucs and the dietances
fron te center of irradiated area at the selected angles ( ٥ = 90٩, ll5%

figare is of exponeutial fom andو md 135%) are given in figure (3). Tliه 
shows that percentage backEcatter iucreases wvith te increase of angle 0 .
lt is also clear that te perentage baekseattcr is miimum at angle
8 = 90%, ie, tangential to the surface of i radiatedع area. THiو is in
agreement witl tlat obtained ly Bomford au BurLنn i 1963.
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'I'ABLE 1

Tuhe voltage Iilter used L.A٠ F.SD.
0.5 nLI Cu

150 KV -} 8xl0 cm40 ق cm
1.0 mm Al

90o8 ت 0 -- II59 د135٥ ا

Distance P.1.5. Distance P.8.5. Distanre P.DS.

30 0.10٦6 35.5 0.1051 43.0 0.0852
40 0.0648 43.0 0.0648 50.0 0.0648
50 0.0401 53.5 0.01o1 57.0 0.0483
60 0,0280 62.5 0.0303 64.0 0,0401
70 0.0213 75.0 0.0213 71.0 0.0317
80 0.0152 82.0 0.0175 13.5 0.0303
90 0.0113 87.5 0.0152 85.0 0.0221

Detailed discussion of the otler factors that are likcly to afFeet the
percentage backEeatter are given lcre below.

1. Lfect { ه Jadiation @uمlivy :

Figre (4)- ,h به c and d illustrates tle efect of radiaLion qualnty
on tle pcrccutage backscatter at difTerent backward distanee8.

It ie clear that in goneral the percentage backscatter is greater, the
higher the radiation quality used witin the range investigated. Ln l ه
cases, variations witb backward distanee are maximun orer a distance of
30 cm witl a peak value a٤ l0 m deptl. Tlroughout the backward
distances up to 60 em, it 6ecms that lighly significant differences in per­
centage backscatter valnes are mainly due to te radiation qality esp­
ecially at emal focal-seatterer distances and iradiated areae. Theee wide
o%erall diferences are seriously diminished ly increasing the Focal-seatterer
distance as far us the l.6 and 0.8 mn Cu half-value layer beas are con­
cered ; wlile for the softest «uality used the overall difercnces stil]
rennain Toughly the samne.

2٠ Efect of lrradiatcd Area :

Figure (5) , b and c - illustrates the effect of irradiatcd area on
th percentage backEcatter at difFerent backward distunces for radiation
«ualities of Half-value layers 0.12, 0.8 and l.6 mm Cu rcspectively a1 a
foeal.Ecutterer dietance 50 cm.
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TABLE 2

Focal-scattcrer dietance ( F.,S.D.) = 50 en

Lateral diatanee ( LD.)

Case A / B

= 30 em

Ratio of P.D.S. Ar di@erent backwvard distances
I. N. «n?

0 10 20 30 40 50 60

8 ٢10 1.0٥ 1.13 1.19 1.27 1.21 1.48 1.25

10 ٢ 15 0,97 1.01 1.06 1.02 .21 1.13 0.95

15 ٢20 1.06 1.09 1.13 1.37 1.12 1.20 1.17

Case A/C

Ratio 0f P.D.S. at diferenL Lackward distanceA
1. ٨. cm?

8 ٢1٥
10 3 15

15 ء20

٥
2.29

223
159

10

2.06

2.50

1.85

2٥

2.86

2.73

2.15

30

3.32

2,٦7

2.58

40

3.13

2.98

3.15

S0

3.61

2.25

2.73

60

316

1.85

2.83
 د ،، ي

It iو clear from thne accompanying graphs tat iب all cases te level
of the beckecatter is higler tbe bigger te irradiated arca. Table (2)
umarises the raios of percentagc backscatrer at liferent backwardة 

distances. A theه half-ralue layer lone ه is a crude spceification of radia­
tion quality ; ratios of percentuge baekscatter were found 1o fit roughly
the cmpirical fomnla ;

haiم a K+- Rani«t H.VL
Ratio of percentage hakseatter =\/

2
According to the suggested fornnla the ratio for the case representedl by
A/R is ««ual t٥ 1.29 au for the case represented by A/C is eaual to
2.76, wlrcre A nlenates tle P.D.S. at 200 Kv Filtered by 10 mn Cu - 1.0 mm
Al ( H.V.L. = 1.60 nn Cu ), B denotes the P.3.S. at 150 I٧ filtered by
0.5 n Cu +- 1.0 nm Al ( H.V.L. = 0.80 mm Cu ) and C denotes the
P.D.5. at 100 K» filtered by 1.0 mm Al ( H.V.L. = 0.12 mm Cu ).

It iو to he noted from tم lle (2) tlat the ratios of pcrcentage hack­
scattcr di comprise irradiation areAs of ratios l:2: 4 npproxinntely.
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3. Lfect a} Focal-scatterer Distance :

Figure (6) illusuates a sample of the efect of focalscatterer distance
on the percentage backscAtter at difFerent backward dietances for radiation
qulity of half-value layer 0.12 mm Cu,

It iو clenr that the pereeutAge backscatter generally increases wirh the
increase of foeA]-scatterer distance. This may be attributed to the fact
that the depth dase, withn a e attcringع volume, increases wiDh the increase
of the focal-scatterer distance giving rise to an increase in tle percentage
scattered outeide the phantom.

I٤ iو also evident that wwide vnriations of perentage backseatter are
observed for large focal.scatterer diEtances espeeially at small backward
distanecs up to 30 em,

4. Efect of Lateral Disuمnce :

Figure (7) illnstrates a sample of the pcrcentage backscatter at dif.
ferent backward distanceو for a mdiation quality of half-value layer 0.8 mm
C ; keeping other factors constant.

It i clear و tlat for all radiation «ualities wsed the leve] of percentage
hackscATter is higher the nearer we get to the scatterer surface ( 30 cm
lateral distance from the principal aRis ) with a maximum at a backwvard
listance of 10 emn. The further we get away fron the side of tle scAtterer
cren with a relatively mmall distance of l0 cm ( case of 40 em lateral dis.
tance ) the pcrcentAge backEcatter values are brought dow to lnalf their
original values for mnllص backward distances up to 20 cm. Beyond 60 cm
lateral distance, howvever, tle percentage backscatter variations with back­
ward distance are so snall for all the radiation qualities investigated.

5. Efect o} Backuad Distance :

Figure (8) tratesمl ة a eample of the relation between percentage
backecatter and latenl diatanee at diferent backward distances ( phanes)
for a radiation quality of half:value layer l.6 mm Cu.

I٤ iو clear tlat llه curres are generally of an exponential fom. Ro
systematie arrangement among the backecatter radiation levels at successive
plancs cauld be traced for the varions qualities investigated. 'This is due
t٥ the combination of both attenuation and scattering in a complicAted
mnanner that makes the identification of the eeparate efreet practically
inpoRsible.

It iو clear that the backscatter component i grcaterف at a lower plane
( 10 cm bnckward distance ) tlan that at a plane parallel to seattcrer
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surface ( aero cm backward distance ) at a latcral dietancc of 30 cm. 'T'lis
efFeet is further increased the ofter the original radiation quality becomcB.
Deyond tle 30 cm lateral distance iregularities show thenselves u in
virUue of the numerous other factors involved i the proccss.

6., Rerccntage Deuiation from hiocrse Sgمu re Lau :

It as been illustrated that beyond 50 em lateral distance the pcrcent­
wge backscatter valwes sufFer sligbt variations with backward distance.
Neه values of percentage backscatrer (M) wvere ohtaincd at lateral dist­
ances 50, 60, 70, 80 and 90 cm repectively. TTe ratios of these mnean
values a4 tle firet two successive planes were denoted ly M1,M ; wlile
the iversc raLio of the correspondig lateral distances were denotcd by
L/D,. Tle percentage deviation of te ratio M,/M, fron tle inveree
60uare law was calcalatcd uaing the foTula

M٥/M, - (D,,)

omر X 100

Table (3) sunariscs the perccntage deviation under all operatiag
conditions of focal Ecatterer distance8 and irradiated ureas for a radiation

.uality of half-value layer l.6 mm Cuو 

TABLE 3

200 KV. Filiuer

 سد«دس،

nm Cu1.0 د

-
l.0 mm A]

H.V.L. = 1.6 mm Cu.

F.5.D.
(ia cm)

30

40

50

75

1A.
(in m?  ز

4 ٤ 6
4 x 6
8 x l0

10 x 15

8 ٤ 10
1٥ ء15

15 r 20

12 ٢ 15
15 ٤ 22.5
22.5 w 30

1 n III
% % 6

 د ،

139 - 2.94 + 2.29
+ 2.08 + 221 +- 4.58

3.47 2,94 - 1.53
10.Al -+ 3.82

0.0٥ - 2.21 - 3.05
- 0.69 6.62 -+ 3.82
- 7.63 -+ 4.41 7.63

-+ 2.78 + 1٠47 0.0٥
-+- -إ-6,94 0.74 -+ 4.58
6.94 - 4.4] - ،458

٢٧
%

- 7.08
- 3.15
- 236

-1023
3.94

+ 5.51

3.94
1.57
 ب0.79

Fercentags Devistion from lnveree Sauqare Law

٣متا- بت--.ع «  ر،
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.1n view of tle widle catter of tabulated ralues, it is concluded that
the percentage deviations of haekscatter fron the iuverse s0uare law vary
within a range of 109.

THe colununs denoted by T, II, I and IV were calculated according
to the corresponding fommulae

I
M2/M, - (D,/D.) ١١/M. (D./D,)

X I٧100 II =
(D./D,)5 (D,/D,)°

II =
M,/M, - (D,/D,) M٠/M, - (D,/D,)٩

X ن 100 I٧= X 100
(D.,D,)٩ (D,/D,)°

lt ean bc seen from the results that the percentage backscatter raries
widely aecording to the radiation «uality wsed. In all eaees it is very
mnuch JifTerent fron tle gcnerally accepted value at l.0 meter from the
ecattercr whicl is taken as 0.19 of the intensity of the primory beam at
t scattcrer.


