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ABSTRACT

The determination of Build up factor for gamma rays in metal was studied. ¥los
of 10 mGi providing gamma rays of energy 0.662 MeV was used as our gamma rays
source. Ge(Li) detector of resolution 1.8 keV (FWHM) at 1.33 MeV.is used as gamma
rays detector in this experiment. Iron piece of size 6.5x7.5 ¢m -and the thickness from
10-160 mm were used as our target medium. Peak area of the obtained spectrum was
used for the analysis. The obtained Build up factor increased as the thickness
increased. The results were also compared with the other’s results, our results at the
small thicknesses seemed to have large error but in good agreement with the others at

larger thicknesses.
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2.4 ) Buildup factor
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L = naelagtasdnagnraautAns1afn i i aeang
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3.6 NAaNITNIARBY

ar dgf :l) v = < dl ' d‘ o os (= o
mmmmwuﬂmwm (Count/min)  ABIURANNAITNNUIAG ] FINNTIALTIURIUAN
3 pRdmsuAamwLAazALanagluANgeil 1,2 13 A199Tl 4 LARKALRRETBINTT
= = o S I's ' ' . c =
Naas U119 1,2,3 Faasn WalATIZINIAN lp HaTAN Build up factor 983nannANu
i )74
WWFNg 7 18
| [ s 3 dsl/ ] v < ql 3
AN 1,2 hay 3 Lﬂuﬁl@ﬂflﬁ"lﬂﬂqWu‘V]lﬁl‘Wﬂ‘ﬂ@ﬁL‘ﬁ@ﬂLﬁ‘ﬁJ@’]ﬂ 10 mm.auaa160 mm.
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ANFIN 1 AL L2959 R TN UR BN INTITRASIT 1

AUNUN (mm)

2
o

NANTIAATIT

1

2 T
s =

Dead time (%) Aunlsna (Counts/min)

160 0.92 2214

150 1.04 3880

140 1.21 6703

130 1.42 11481

120 2.68 14734
110 243 17662
100 2.81 18256
90 4.29 35937
80 6.14 62069
70 8.93 67250
60 12.91 106020
50 19.51 175116
40 28.07 272287
30 38.63 397784
20 473 829634
10 60.18 928442
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AN 2 AN RIS A NHUBBNLNAINTRINRASIT 2

AN (Mmm)

NANNTIAASIT 2

Dead time (%)

NN A (Counts/min)
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160 0.93 2238
150 1.04 3962
140 {7 6488
130 1.41 11365
120 1.69 14362
110 243 17686
100 X33 18357
90 4.29 a0 0%
80 N 61964
70 8.92 67545
60 12.74 107446
50 19.49 1 74554
40 28.08 273978
30 38.66 400390
20 47.48 847328
10 60.19 977714




AN99R 3 AN NIDITIRINIUBANNIRINTWINUATIT 3

AN (mm)

NANITIAATIT 3

Dead time (%)

WunlsAA (Counts/min)

160 0.92 2226
150 1.04 3921
140 1.2 6595
130 1.42 11423
120 1.69 14546
110 2@ 11873
100 2.87 18306
90 4.29 35868
80 6.14 62016
70 3.9 67397
60 Vs 106733
50 ik H10) 174635
40 28.08 2T F2
30 38.65 399045
20 47.36 838381
10 60.19 9563078
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AN919N 4 AT HLRRR IR ANHIUBANNIAINTUINNT 3 AS

NaNNSTARRE
AN (mm) —
Dead time (%) NN LFnA (Counts/min)

160 0.92 2226
150 1.04 3921
140 12 6595.33
130 1.42 11423
120 2.02 14547.33
110 243 17673.67
100 2.87 18306.33
90 4.29 35868
80 6.14 ©2016.33
70 8.93 67397.33
60 12.79 106733
50 19.5 174768.33
40 28.08 273132.33
30 38.65 399073
20 47.38 838447.67
10 60.19 953078

43



44

3.7 BAFIETHUANISNARDS

o ' : o ' &” d’ vt <4 g E%
LIAINITOANIUNIAT Build up factor lalaesianAnualdnaTaA1A91d Y

o

189593 (1) wAnlaaldaunns

b= Bl el

Tneazanan g 1fann

e
Jo,

laef p seamdniisiaiy 7.874 glem’
w1, UAwvital 0.078 ‘em/g
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AL 1 19789873N30INAT 1 ATNNSALIRARIHMN 10 mm. 1§

iln FuTlERA (1) # 10 mm. ANANTIET 4 Wiy 953078
azle

1, =1754074.68

N191#IAT Build up factor
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P ' . 3 i ' <
ANFIEN 5 LWARINAARIAN build up factor @’\ﬂﬂ'\ﬁ'ﬂ'\u’)m%W)'\N‘ﬁu'\ﬂqﬁ’]“ﬂ@%ﬁﬂﬂ

X (mm) e I B
10 0.61 953078 1
20 0.2952 838447.67 1.62
30 0.1604 399073 1.42
40 0.0872 27 31323 1.79
50 0.0474 174768.33 2
60 0.0257 106733 2.37
70 0.0139 8X30F.38 276
80 0.0076 62016.33 4.65
90 0.0041 35868 4.99
100 0.0022 18306 4.74

110 0.0012 17673.67 8.4
120 0.0007 14547 11.85
130 0.0004 11423 16.28
140 0.0002 6595.33 18.8
150 0.0001 3921 22.35
160 0.00006 2226 2115
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v RS e e i
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) LAUBLUL LAZLUININITNRIUN

AMmAaasiliiun1suAn build up factor IB9NAUNNNINGNY 0.66 MeV Tu
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Table 10.1
1 1.9 0.7
2 0.8 -10
3 i il -02
4 0.1 -12
5 -0.1 -01
6 4.4 34
7 4.6 0.0
8 1.6 0.8
9 55 37

10 3.4 20

Figure 10.1 A plot of the observed values in Table 10.1.

to be able to predict the responsc y of a futurc patient to the new drug B on e
basis of his response x 1o the standard drug A. One proceduré Tor making such a
prediction would be to fita straight line to the points 10 Fig. 10.1, and to use s
line for predicting the value of y corresponding to any given value al =

It can be seen from Fig. 10.1 that if we did not have to considier (g peait
(4.6,0.0), which is obtained from the patient for whom i = 7 ip Table 10.1. then
the other nine points lic rougnly along @ straight line. One arbitrary hine which s
reasonably well:to these yne points is sketehed in Fg. HOLAL. However, if we Wi



THE METHOD OF LEAST SQUARES

Fitting a Stralght Line

Suppose that each of ten” patients is treated first with a-certain amoun: ol a
standard drug A and then withan equal amount of a new drug B, and that the
change in blood pressure induced by each drug is obsérved for each patient. This
change in blood pressure will be called the response of the patient. For j =
L,...,10, we shall let x; denote the response, measured In appropriate units, of
the 7th patient when he receives drug A, and we shall let ¥;-denote his response
when he receives drug B. We shall suppose also that the observed values of the
responses are as given in Table 10.1. The ten points (x;, y;) for i =1, ... , 10 are
plotted in Fig. 10.1.

Suppose now thatwe are interested in describing the relationship between the
response y of a patreat to drug B and his response x to arug A. In order to

. obtain a simple expression for this relationship, we might wish to fit g straight line

to the ten points plotted in Fig. 10.1. Although these ten points obvioirsly do not

lie exactly on a straight line; we might believe that the deviauons from such a line

are caused by-the faél that the observed change in the blood pressure of each
patient is affected not only by the two drugs but also by various other factors. In
other words, we might believe that if it were possible 10 ‘cofitrol afl These other
factors, the observed points would actually lie on a straight line. We might believe
further that if we measured the responses to-the two drugs for a very large
number of patients, instead of for just ten patients, we would then find that the
observed points tend to cluster along a straight line. Perhaps we might also wish



M

| ?/./ N
W7/

-y

e}
'
S
Pal
=~

Figure 10.2 A straight line fitted to nine of the points in Table 10.1.

to fit a straight line 4o0-all-ten points, it is not clear just how much the line in Fig.
10.2 should be adjusied in order to accommodate the anomalous point. We shall
now describe a method for fitting such a line.

The Least-Squares Line

We shall assume here that we are interested in fitting a straight line to the points
plotted in Fig. 10.1 in order to obtain a simple mathematical rclationship for
expressing the response y of a patient to the new drug B as a function of his
response x to the standard drug A. In other words, our main objective is to be
able to predict closely a patient’s response ¢ to drug B from his response x 10
drug A. We are interested, therefore, in constricting a straight line such that, for
each observed response x;, the corresponding value of y on the straight Iine will
be as close as possible to the actial observed response y,. The vertical deviations
of the ten plotted points from the line drawn in Fig. 10.2 are sketched in
Fig 103 ]

One method of constructing a straight:line to fit the observed values is called
the method of least squares. Accoruing to this method, the line should be drawn so
that the sum of the squares of the vertical deviations of all the points from the
line 1s a minimum We shall now study this method in more detail.

Consider an arbitrary straight line y = B8, + B,x. in which the values of the
constants By -and By dre 10:be determined. When x = x5 the heieht-of this dimeits



Figure 103 ' Vertical deviations of the plotted points from a straight linc,

Bk Box. Therefore, the vertical distance between the pomnt (x;, y.) and the lin
is |y; — (8, A Byx,)|- Suppose that the line is to be fitted to n points, and let 0
denote the sum of the Squares of the vertical distances at the points. Thea

2
Q=3 [}’i —'_E(Bl + IBZXi)] . (1)
i=1
The method of least squares specifies-that the values of By ‘and B must be c10se;
so that the value of Q is minimized. '
It is not difficult to minimize the value of Q ‘with-respect (o B and By W
have

8 b n

aBQl i _22:1 ()’1 i ,Bl i :82Xi) (2\
and

a n

e e ()

i~=1

By setting cach of these two partial derivatives equal to 0, we obtain the following
pair of equations:

SR S
=1 =1
181 Z X, + Bz Z -X,'? =7 Z L

| =] i=1



The equations (4) are called the normal equations for B, and B,. By consider-
ing the second-order derivatives of (), we can show that the values of B, and f3,
which satisfy the normal equations will be the values for which the sum of squares
Q in Eq. (1) is minimized. If we denote these values by B, and B,, then the
equation of the straight line obtained by the method of least squares will be
y = Bl + Bzx. This line is called the least-squares line.

As usual, we shall let X, = (1/n)X_,x; and y, = (1/n)Xi_ ¥ By sclving
the normal equations (4) for §; and j,, we obtain the following results:

n

A Z,’-—lxiyi X

B, =
> xt—nfh :

n

: i (5)

nBl =)_}n it Bzfn‘

For the values given in Table 10.1, n = 10 and it is found from Eq. (5) that
B, = —0.786 and B, = 0.685. Hence, the equation of the least-squares line is
y = —0.786 + 0.685x. This line is sketched in Fig. 10.4.

Fitting a Polynomial by the Method of Least Squares

Suppose now that instead of simply fitting a straight line to n plotted points, we
wish to fit a polynomial of degree k (k >2). Such a polynomial will have the

e

i
7_/,~-

e

A

Figure 104 - The least-squares straight line.



following form:

y=ﬁ1+,82x+/33x2+~--+Bk+lxk. (%)

The method of least squares specifies that the constants 8, ..., 8,,, should be
chosen so that the sum Q of the squares of the vertical deviations of the points
from the curve is a minimum. In other words, these constants should be chosen 2
as to minimize the following expression for Q:

Q: Z [}’;_(ﬁ1+ﬁ2xi+ +Bk+1xik)]2' (7)

i=1

If we calculate the k4 1 partial derivatives dQ /38, ..., 3Q /3B, ., and ve
set each of these derivatives equal to 0, we obtain the following k + 1 lincar
equations involving the k& +1 unknown values B,,..., B, ,:

Bln+,82}:xi+ +Bk+121f= Z)’.’»

ig) i=1 i=1

n n n n
Blzxi+ﬁzz)‘,‘2+ +ﬂk+1ZXf“= in)’n

i=~1 i=1 =1 1= (8)

= n n n :
BlzXf‘+Bsz,-“+’+ +Bk+1§:x,~“= le'k))i'

1=1 i=1 =1 =1

As before, these equations are called the normal equations. There will be a
unique set of values of B,,..., B, which satisfythe normal equations if :ind
only if the determinant of the (k + 1) X (k + 1) matrix formed from the cocfli-
cients of B,,...,B.,, is not zero. If there are at least k + 1 different values
among the n observed values x,..., x,, then this determinant will not be 7cro
and there will be a unique solution to the normal equations. We shall assume :hat
this condition is satisfied. It can be shown by the methods of advanced calculus
that the unique values of B,,..., B, ., which satisfy the normal equations will
then be the values which minimize the value of Q in Eq. (7). If we denote tl:2se
values by [21,.__,[3,(“, then the least-squares polynomial will have the form

y=8,+ Bx+ - +8,,,x"
Example 1: Fitting a Parabola. Suppose that we wish to fit a polynomial of the

form y = B8, + B,x + B,x* (which represents a parabola) to the ten points g ven
in Table 10.1. In this example, it is found that the normal equations (3) arz as



follows:
103 = 23 .38, & 0053708y = 8.,
23.38, -+ 90.378, + 401.08, = 43.59, (9)

90.378, + 401.08, + 189278, = 204.55.

The unique values of B,, B,, and B that éalisfy these three equations are
B1 = —0.744, B, = 0.616, and B, = 0.013. Hence, the least-squares parabola is

y = —0.744 + 0.616x + 0.013x* (10)

This curve is sketched in Fig. 10.5 together with the least-squares straight line.
Because the coefficient of x? in-Eq. (10) is so small, the least-squares parabola

and the least-squares straight line arc very close together over the range of values
included 1n Fig. 10.5. O

Fitting a Linear Function of Several Variables

We shall now consider an extension of the example discussed at the beginning of
this section, in which we were interested in representing a patient’siresponse to a
new drug B as a linear function of his response to drug 4. Suppose that we wish

I Y
-

A\

a/
—1
Parabola

Straight linc
L 1

Figure 10.5 The least-squares parabola.



to represent a patient’s response to drug B as a linear function involving not caly
his response to drug A4 but also some other relevant variables. For example, we
may wish to represent the patient’s response y to drug B as a linear funcijon
involving his response x, to drug A, his heart rate x,, his blood pressure x,

before he receives any drugs, and other relevant variables x,, .. ., % jo
Suppose that for each patient i (i = 1,..., n) we measure his response jy, to
drug B, his response x,, to drug A. and a]so hxs VRILES ay, oLk for the oiaer

vaniables. Suppose also that in order to fit these observed values for the n
patients, we wish to consider a linear function having the form

y=B1 +Bzx1+ +Bk+1xk- :11)
In this case, also, the values of f;,..., 8, canbe determined by the method of
least squares. For each given set-of observed values i1y - > X;x, WE again con-

sider the difference between the observed response - y; and the value
By Boxy - +,B,(+1x,k of the linear function given in Eq.(11). As before,
i1s required to minimize the sum.Q of the squares of these differences. Here,

= Z [ I (Bl k1) =P\ +18k+1xik)]2‘ (12)

i=1

A set of k + 1 normal equations can again be obtained by setting each of the
partial derivatives dQ/dB; equal to O for j =1,..0, k + 1. These equations will
have the following form:

n n n
:81"+:Bzzxi1+ +Bk+xzx;k: Z)’n

i=1 L1 = 1

n n n n
By Z x;y + By Z X,% W - + B Z XinXic = an}’n

i—=1 i—=1 =1 = (13)

” n n n
:81 Z Xy + By Z WXt e m st Z Xizk = Z XixYi-

i-1 i1 i—1 i=1

If the determinant of the (k + 1) X (k + 1) matrix formed from the coeffizients
of By,..., B,,, in these equations is not zero, then there will be a unique so ution

1»---»Pryy of the equations. The least-squares linear function will then be
- Bl i lel gy +Bk+1x/<-

Example 2: Fitting a Linear Function of Two Variables. Suppose that we expand
Table 10.1 to include the values given in the third column in Table 10.2. He -2, for



Table 10.2

[ Xi X2 Yi
1 19 66 0.7
2 0.8 62 -1.0
3 1] 64 -0.2
4 0.1 61 -1.2
5 -0.1 63 -0.1
6 4.4 70 3.4
7 4.6 68 0.0
8 1.6 62 0.8
9 515 68 37

10 34 66 2.0

each patient i (i =11,...,10), x, denotes his response to the standard drug A
X, denotes his heart rate; and y, denotes his response to the new drug B.
Suppose also that to these values we wish to fit a linear function having the form
Y =By + Byxj + Byxh. :

In this example, it is found that the normal equations (13)-are as follows:

108, + 2338, + 6508, = 8.1,
23.3B, + 90.378, +'1563.68; = 4359, (14)
6508, + 1563.68, + 42,3345, = 5631

The unique values of BBy, and 133 which satisfy these three equations are
Bl = —11.4527, B, = 0.4503qJnG; =U.P105 S HepcerThe least-squares linear
function is

y = —11.4527 + 0.4503x, + 0.1725x,. O (15)

It should be noted that the problem of fitting a polynomial of degree %
involving only one variable, as specified by Eq. (6), can be regarded as a special
case of the problem of fitting a linear tunction involving several variables, as
specified by Eq. (11). To make Eq. (11) applicable to the problem of fitting a
polynomial having the form given in Eq. (6), we define the k variables R
simplyas . = x, X, = )(2,...,)c,< =%

A polynomial involving more than ore variable can also be represented in the
form of Eq. (11). For example, suppose that the values of four variables ol S
and y are observed for several different patients, and that we wish to fit (o these
observed values a function having the following form:

o e S o B]r7 + B.rs o+ Bs_yz + [36/3 & BorsL. (1o



We can regard the function in Eq. (16) as a hinear function having the form giver
in Eq. (11) with k = 6 if we define the six variables x,,..., X, as follows: x| = 1.
Xg = F ey = s, = st %= 17, and x, = rst.
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