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LAMPIRAN

Lampiran 1. Data pengukuran jumlah nilai muatan pada berkas foton

1.1. Kedalaman 100 mm

o M (nC/100 MU)
No | Luas Lapangan | Volt (V) | P (kPa) | T (°C) | RH (%) 100 mm
11.43
300 101.3 | 204 60 11.43
11.44
Rata-rata 11.43
11.43
) -300 101.3 | 204 60 11.43
1 (5x5)cm 11.44
Rata-rata 11.43
11.36
-100 101.3 | 204 60 11.37
11.38
Rata-rata 11.37
12.85
300 101.3 | 20.2 60 12.85
12.86
Rata-rata 12.85
12.85
9 -300 101.3 | 20.2 60 12.87
2 | (10x10)cm 1288
Rata-rata 12.86
12.78
-100 101.3 | 20.2 60 12.78
12.79
Rata-rata 12.78
13.85
300 101.3 | 20.5 60 13.86
13.85
Rata-rata 13.85
13.87
3 | (15x15) cm? -300 101.3 | 20.5 60 13.88
13.86
Rata-rata 13.87
13.75
-100 101.3 | 20.5 60 13.76
13.78
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Rata-rata 13.76

14.37

300 101.3 | 205 58 14.38
14.39

Rata-rata 14.38

14.38

, | -300 101.3 | 205 58 14.39
(20 x 20) cm 1441
Rata-rata 14.39

14.28

-100 101.3 | 205 58 14.29
14.3

Rata-rata 14.29

14.56

300 101.3 | 20.6 58 14.56
14.58

Rata-rata 14.56

14.59

, | -300 101.3 | 20.6 58 14.6
(25 x 25) cm 1458
Rata-rata 14.59

14.48

-100 101.3 | 20.6 58 14.49
14.5

Rata-rata 14.49

14.87

300 101.3 | 20.5 58 14.88
14.89

Rata-rata 14.88

14.91

, | -300 101.3 | 20.5 58 14.91
(30 x30) cm 14.91
Rata-rata 14.91

14.77

-100 101.3 | 20.5 58 14.79
14.8

Rata-rata 14.78

15.07

300 101.3 | 205 58 15.06
(35 x 35) cm? 15.07
Rata-rata 15.06

-300 | 1013 | 205 | 58 15.1

37




15.11
15.11
Rata-rata 15.1
14.99
-100 101.3 20.5 58 15
14.98
Rata-rata 14.99
1.2. Kedalaman 200 mm
No | Luas Lapangan | Volt (V) | P (KPa) | T (°C) | RH (%) M (nC/100 MU)
200 mm
6.25
-300 101.3 24 60 6.26
2
1 (5x5)cm 6.27
Rata-rata 6.26
7.37
-300 101.3 20.2 60 7.36
2
2 | (10x10)cm 733
Rata-rata 7.37
8.2
3 | (15 x 15) cm? -300 101.3 20.5 60 g;
Rata-rata 8.2
8.72
4 | (20 x 20) cm? -300 101.3 20.5 58 8.72
8.73
Rata-rata 8.72
9
-300 101.3 20.6 58 9
2
5 | (25x25)cm 9.02
Rata-rata 9
9.27
6 | (30 x30) cm? -300 101.3 20.5 58 9.28
9.29
Rata-rata 9.28
9.42
-300 101.3 20.5 58 9.46
2
7 | (35x35)cm 0.46
Rata-rata 9.44
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Lampiran 2. Perhitungan nilai TPR20,10, K1p, Kpol, Ks, M@, Dw,Q(zref), Dw,Q(zmax),
Deviasi
2.1. Perhitungan TPR20,10

a. (5x5)cm?
TPR2010=1, 2661 X PDD2p 10 — 0,0595

=1,2661 x 0,547 — 0,0595
= 0,632

b. (10 x 10) cm?
TPR2010=1, 2661 x PDD20,10 — 0,0595

=1,2661 x 0,594 — 0,0595
=0,692

c. (15x15)cm?
TPR20,10=1, 2661 X PDD2o,10 — 0,0595

=1,2661 x 0,595 — 0,0595
= 0,693

d. (20 x 20) cm?
TPR2010=1, 2661 X PDD20,10 — 0,0595

=1,2661 x 0,61 — 0,0595
=0,712

e. (25x 25) cm?
TPR2010=1, 2661 X PDD20,10 — 0,0595

=1,2661 x 0,62 — 0,0595
=0,724

f. (30 x 30) cm?
TPR2010=1, 2661 X PDD20,10 — 0,0595

=1,2661 x 0,629 — 0,0595
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=0,736

g. (35x35)cm?
TPR2010=1, 2661 X PDD2p 10 — 0,0595

=1,2661 x 0,634 — 0,0595
=0,742

2.2. Perhitungan Krp
a. (5x5)cm?
K - (27315+T7) Py
(27315+T,) P
_ (273,15 + 20,4 °C) 101,325 kPa
(273,15+20°C) 101,3 kPa
293,55
293,15
= 1,001
b. (10 x 10) cm?
_ (27315+T7) P,
TP T (273,154 T,) P
_ (273,15 + 20,2 °C) 101,325 kPa
(273,15+20°C) 101,3 kPa
29335
293,15
=1
c. (15x15) cm?
_ (27315+T) P,
TP = (273,154 T,) P
_ (273,15 + 20,5°C) 101,325 kPa
(273,15+20°C) 101,3 kPa

293,65
293,15

= 1,001

d. (20 x 20) cm?
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(27315 +T) P,
Kre =G5 +1,) P
(273,15 +20,5°C) 101,325 kPa
(273,15 + 20°C)  101,3 kPa
293,65
~ 293,15
= 1,001
e. (25x 25) cm?
_ (27315+T7) P,
TP T (273,154 T,) P
_ (273,15 + 20,6 °C) 101,325 kPa
(273,15 + 20°C) 101,3 kPa
293,75
= 29315
= 1,002
f. (30 x 30) cm?
_ (27315+T7) P,
TP T (273,154 T,) P
_ (273,15 + 20,5 °C) 101,325 kPa
(273,15 + 20°C)  101,3 kPa
293,65
= 29315
= 1,001
g. (35x35)cm?
(27315 +T) P,
Kee =275+ 1) P
(273,15 + 20,5 °C) 101,325 kPa
~ "(273,15+20°C) 1013 kPa
293,65
= 293,15
= 1,001

2.3. Perhitungan Kpol

a. (5x5)cm?
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M+ M
pol — 2M

111,43 + 11,43|

~ T 2(11,43)
23,86

" 2386

=1

(10 x 10) cm?

M, +M
Kpol:| +2M _l

112,85 + 12,86
- 2(12,85)

25,71
T 257
=1
(15 x 15) cm?
o |M, + M |
pol 2M
113,86 + 13,85
2(13,86)
27,71

27,72
= 0,999
(20 x 20) cm?
K |M, + M |
pol 2M
114,39 + 14,38|
2(14,38)
28,77
~ 2877

=1
(25 x 25) cm?

M, +M
Kpol:| +2M _l
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114,56 + 14,59|
2(14,57)
29,15
~ 29,14
=1
f. (30 x 30) cm?
P |M, + M |
pol M
114,88 + 14,91
~ T 2(1491)
29,79
2982
= 0,998
g. (35x35)cm?
. |M, + M |
pol 2M
_ 115,06 + 15,1
2(15,09)
30,16

30,18
= 0,999
2.4. Perhitungan Ks

a. (5x5)cm?

M, M;)*
Ks=ag+a, (—) +a, (—)

M, M,
= 1,198 + (—0,875) (11’43> + 0,677 (11’43>2
- ’ 11,37 ’ 11,37

= 1,198 — 0,875 (1,005) + 0,677 (1,01)
= 1,198 — 0,879 + 0,683
= 1,002

b. (10 x 10) cm?

M, M;\°
Ki,=ay+a (ﬁ) +a, (ﬁ)
2 2
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86) 0677(12,86>2
12,78 ’ 12,78

= 1,198 — 0,875 (1,006) + 0,677 (1,012)
= 1,198 — 0,88 + 0,685

= 1,198 + (— 0875)(

= 1,003
(15 x 15) cm?
M, M,
Ks=aota (Mz) T (Mz)

= 1,198 + (—0,875) ( 87) 0,677 (13’87)2
B 13,76 ’ 13,76

= 1,198 — 0,875 (1,007) + 0,677 (1,014)
= 1,198 — 0,881 + 0,686
= 1,003

(20 x 20) cm?

K= ao+a (3) + oo (32)
Ao T aq M, a, M,

= 1198 + (-0875) (15%) 1 677 (13%)’
- 14,29 14,29

= 1,198 — 0,875 (1,007) + 0,677 (1,014)
= 1,198 — 0,881 + 0,686

= 1,003
(25 x 25) cm?
M, M,
KS = ao + a1 <M2> + az (MZ)

= 1,198 + (-0 875)( 59) 0,677 (14’59>2
14,49 14,49

= 1,198 — 0,875 (1,006) + 0,677 (1,012)
= 1,198 — 0,88 + 0,685

= 1,003
(30 x 30) cm?
M, M,
Ki=ay+a (Mz) +a, (Mz)
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91) 0,677 (14’91>2

= 1,198 — 0,875 (1,008) + 0,677 (1,016)
= 1,198 — 0,882 + 0,687
= 1,003

g. (35x35)cm?

M, M,
Ks =ag+a (Mz) +a, (MZ)

= 1,198+ (- 0875)(

= 1,198 + (- 0875)( 11) 0677<15,11>2
B 12.99) T %77\ 12 99

= 1,198 — 0,875 (1,008) + 0,677 (1,016)
= 1,198 — 0,882 + 0,687
= 1,003
2.5. Perhitungan Mg
a. (5x5)cm?
Mo = M; Krp Kelec Kpo Ks

= (11,43)

Too o (OO M(1)(L,002)

nc
100 MU
= 0,114 nc/MU
b. (10 x 10) cm?
MQ = My Krp Kelec K pol K,

= 11,464

= (12,86) 750710 100 MU (1) (1)(1)(1,003)

= 12,89 100 MU

= 0,128 nc/MU
c. (15x15) cm?
MQ = M, Krp Kelec K pol K,

= (13,87)

Too 3rg (P00 (1)(0:999)(1,003)

nc

= 13,911 100 MU
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= 0,139 nc/MU
d. (20 x 20) cm?
MQ = M; Krp Keec K, pol e

= (14,39) (1,001)(1)(1)(1,003)

100 MU
nc

100 MU
= 0,144 nc/MU
e. (25x25)cm?
My = M; Krp Kelec Kpo1 K

= 14,45

= (14,59) ———— (1,002)(1)(1)(1,003)

100 MU
= 14,663

100 MU
= 0,146 nc/MU
f. (30 x 30) cm?
MQ = M; Krp Kelec K pol e

= (14,91) (1,001)(1)(0.998)(1,003)

100 MU
nc

100 MU
= 0,149 nc/MU
g. (35x35)cm?
My = M; Krp Kelec Kpo1 K

= 14,939

= (15,1) (1,001)(1)(0,999)(1,003)

100 MU
= 15,14

100 MU
= 0,151 nc/MU
2.6. Perhitungan Dw,Q (zref
a. (5x5)cm?

DW,Q(zref) = MQ ND,W,QO KQ,QO

— 0114) 7 a8y ™%Y 0987
_(' )MU( ’)TlC (' )
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= 5,478 mGy /MU
= 0,547 cGy/MU
(10 x 10) cm?

DW,Q(zref) = MQ ND,W,QO KQ,QO
= (0,128 ne 48,2 maGy 0,988

= 6,095 mGy/MU
= 0,609 cGy/MU
(15 x 15) cm?

Dw q(zrer) = Mq Npw,g0 Kq,qo
— (0,139) 2% (482)™%Y (0,988)
MU nC
= 6,619 mGy/MU

= 0,661 cGy/MU
(20 x 20) cm?

Dy o(zrery = Mg Npw 0o Kg,00
= (0,144) % (482)™%Y (0,984)
MU nC
— 6,829 mGy/MU

= 0,682 cGy/MU
(25 x 25) cm?

DW,Q(zref) = MQ ND,W,QO KQ,QO
= (0,146 ne 48,2 maGy 0,984

= 6,924 mGy /MU
= 0,692 cGy/MU
(30 x 30) cm?

DW,Q(zref) = MQ ND,W,QO KQ,QO
= (0,149 ne 48,2 maGy 0,98

= 7,038 mGy /MU
= 0,703 cGy/MU
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2.7.

(35 x 35) cm?
DW,Q(zref) = MQ ND,W,QO KQ,QO
= (0,151 ne 48,2 mGy 0,98
= 7,132 mGy /MU
= 0,713 cGy/MU
Perhitungan Dw,q@max)
(5 x 5) cm?
DW,Q(zmax) =100 DW,Q(zref) / PDDzref
cGy
=100 (0,547)— / 63,15
(0547) 57 /

= 0,866 cGy/MU
(10 x 10) cm?

DW,Q(zmax) =100 DW,Q(zref) / PDDzref
cGy
=100 (0,609)—— / 67,48
(0609) 57 /

= 0,902 cGy/MU
(15 x 15) cm?

DW,Q(zmax) =100 DW,Q(Zref) / PDDzref
cGy
=100 (0,661)—— / 68,9
0661) 7 /

= 0,959 cGy/MU
(20 x20) cm?

DW,Q(zmax) =100 DW,Q(Zref) / PDDzref
cGy
=100 (0,682)——= /70
0682) 5 /

= 0,974 cGy /MU
(25 x 25) cm?

DW,Q(zmax) =100 DW,Q(Zref) / PDDzref
cGy
=100 (0,692)—— / 70,74
0695 /

= 0,978 cGy/MU
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2.8.

(30 x 30) cm?
DW,Q(zmax) =100 DW,Q(zref) / PDDzref

=100 (0,703) cGy 71,48
N ’ MU /7L

= 0,983 cGy/MU
(35 x 35) cm?

DW,Q(zmax) =100 DW,Q(Zref) / PDDzref
=100 (0,713) cGy 71,97
B ’ wu /7

= 0,99 cGy/MU
Perhitungan Deviasi
(5 x 5) cm?

Deviasi 0,866 cGy/MU — 1 cGy/MU « 100%
eviasi = 1cGy/MU 0

= —0,134 x 100%
= —13,4 %
(10 x 10) cm?

Deviasi = @002 €CY/MU —1cGy/MU
eviast = 1 CGy/MU 0

= —0,098 x 100%
= —-98%
(15 x 15) cm?

Deviasi — 0,959 cGy/MU — 1 cGy/MU % 100%
eviasi = 1cGy/MU 0

= —0,041 X 100%
= —41%
(20 x 20) cm?

Deviasi <= 274 cGY/MU—1cGy/MU
eviast = 1 CGy/MU 0

= 0,026 x 100%
= 2,6%
(25 x 25) cm?

49



0,978 cGy/MU — 1 cGy/MU

Deviasi 1cGy /MU X 100%
= 0,022 X 100%
=22%

(30 x 30) cm?

Deviasi = 222 CG}{ /Cl\g /]_mleGy MU 100%
= 0,017 X 100%
= 1,7%

(35 x 35) cm?

Deviasi = 099 CGyl/Z;L;/_MlUCGy/MU X 100%
= 0,01 x 100%
=1%
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Lampiran 3. Kondisi referensi yang direkomendasikan untuk kalibrasi lon

Chamber

Influence quantity

Reference value or reference characteristic

Phantom material
Phantom size

Source—chamber distance®
(SCD)
Air temperature®

Air pressure

Reference point of the ionization
chamber

Depth in phantom of the reference
point of the chamber®

Field size at the position of the
reference point of the chamber

Relative humidity

Polarizing voltage and polarity

Dose rate

Water
30 cm = 30 em = 30 cm (approximately)

100 em

20°C <
101.3 kPa

For cylindrical chambers, on the chamber axis at
the centre of the cavity volume; for plane-parallel
chambers on the inner surface of the entrance
window, at the centre of the window.

5 glem?

10 em = 10 cm
507

Mo reference wvalues are recommended, but the
values used should be stated in the calibration
certificate.

Mo reference wvalues are recommended, but the
dose rate used should always be stated in the
calibration certificate. It should also be stated
whether a recombination correction has or has not
been applied and, if so, the value should be stated.

Lampiran 4. Kondisi referensi untuk penentuan kualitas berkas foton

Influence quantity

Reference value or reference characteristics

Phantom material
Chamber type
Measurement depths

Reference point of the chamber

Position of the reference
point of the chamber

SCD
Field size at SCD

Water
Cylindrical or plane parallel
20 g/em? and 10 g/cm?

For cylindrical chambers, on the central axis at the
centre of the cavity volume. For plane-parallel
chambers, on the inner surface of the window at its
centre

For cylindrical and plane-parallel chambers, at the
measurement depths

100 cm

10 cm x 10 cm?
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Lampiran 5.

Tabel untuk nilai Kq Sebagai Fungsi TPR20,10

Ionization chamber type®

Beam quality TPR,

0.50 0.53 0.56 0.59 0.62 0.65 0.68 0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84

Capintec PR-05P mini 1.004 1.003 1.002 1.001 1.000 0998 0.996 0.994 0.991 0.987 0983 0975 0968 0960 0.949
Capintec PR-05 mini 1.004 1003 1.002 1.001 1.000 0.998 0996 0.994 0.991 0.987 0983 0975 0968 0.960 0.949
Capintec PR-06C/G 1.001 1.001 1.000 0.998 0998 0.995 0.992 0.990 0.988 0.984 0980 0972 0965 0956 0.944
Farmer
Exradin A2 Spokas 1.001 1.001 1.001 1.000 0999 0.997 0996 0.994 0.992 09890 0986 0979 0971 0962 0949
Exradin T2 Spokas 1.002 1.001 0999 099 0993 0988 0.984 0.980 0977 0973 0969 0962 0954 0946 0934
Exradin A1 mini Shonka 1.002 1002 1.001 1.000 1.000 0.998 0996 0.994 0.991 098 0982 0974 0966 0957 00945
Exradin T1 mini Shonka 1.003 1.001 0999 0.99 0993 0988 0984 0.980 0.975 0970 0965 0957 0949 0942 0.930
Exradin A12 Farmer 1.001 1.001 1.000 1.000 0999 0.997 0994 0.992 0.990 098 0981 0974 0966 0957 0.944
Far West Tech. IC-18 1.005 1.003 1.000 0.997 0993 0.988 0.983 0.979 0.976 0.971 0966 0959 0953 0945 0.934
FZH TK 01 1.002  1.001 1.000 0.998 0996 0.993 0.990 0.987 0.984 0.980 0975 0968 0960 0952 0.939
Nuclear Assoc. 30-750 1.001 1.001 1.000 0.999 0998 0.996 0.994 0.991 0.988 0.984 0979 0971 0963 0954 0941
Nuclear Assoc. 30-749 1.001 1.000 1.000 0999 0998 0.996 0.994 0.992 0.989 0.984 0980 0972 0964 0956 0942
Nuclear Assoc. 30-744 1.001 1.000 1.000 0.999 0998 0.996 0.994 0.992 0.989 0.984 0980 0972 0964 0956 0.942
Nuclear Assoc. 30-716 1.001 1.000 1.000 0999 0998 0.996 0.994 0.992 0.989 0.984 0980 0972 0964 0956 0942
Nuclear Assoc. 30-753 1.001 1.000 1.000 0.999 0998 0.996 0.994 0.992 0.989 0.985 0.980 0973 0.965 0.956 0.943
Farmer shortened
Nuclear Assoc. 30-751 1.002  1.002 1.000 0999 0997 0.994 0.991 0.989 0.985 0.981 0977 0969 0961 0.953 0.940
Farmer
Nuclear Assoc. 30-752 1.004 1.003 1.001 1.000  0.998 0.996 0.993 0.991 0.989  0.985 0.981  0.974 0.967 0.959 (0.947
Farmer

TABLE 14. (cont)

NE 2515 1.001 1.001 1.000 0999 0.997 0.994 0.991 0988 0984 0980 0975 0967 0959 0950 0937
NE 2515/3 1.005 1.004 1.002 1.000 0.998 0.995 0.993 0991 0989 0.986 0982 0975 0969 0961 0949
NE 2577 1.005 1.004 1.002 1.000 0.998 0.995 0.993 0991 0989 0.986 0982 0975 0969 0961 0949
NE 2505 Farmer 1.001 1.001 1.000 0999 0.997 0.994 0.991 0988 0984 0980 0975 0967 0939 0950 0937
NE 2505/A Farmer 1.005 1.003 1.001 0997 0995 0.990 0.985 0982 0978 0974 0969 0962 0955 0947 0936
NE 2505/3, 3A Farmmer 1.005 1.004 1.002 1.000 0.998 0.995 0.993 0991 0.989 0.986 0982 0975 0969 0961 0949
NE 2505/3, 3B Farmer 1.006 1.004 1.001 0999 0.996 0.991 0.987 0984 0.980 0.976 0971 0964 0957 0950 0938
NE 2571 Farmer 1.005 1.004 1.002 1.000 0.998 0.995 0.993 0991 0989 0.986 0982 0975 0969 0961 0949
NE 2581 Farmer 1.005 1.003 1.001 0998 0.995 0.991 0.986 0983 0.980 0.975 0970 0963 0956 0949 0937
NE 2561/2611 Sec. Std 1.006 1.004 1.001 0999 0998 0.994 0.992 0990 0.988 0.985 0982 0975 09569 0961 0949
PTW 23323 micro 1.003 1.003 1.000 0999 0.997 0.993 0.990 0987 0.984 0.980 0.975 0967 0960 0953 0.941
PTW 23331 rigid 1.004 1.003 1.000 0999 0997 0.993 0.990 0988 0985 0982 0978 0971 0964 0956 0945
PTW 23332 ngad 1.004 1.003 1.001 0999 0.997 0.994 0.990 0988 0984 0980 0976 0968 0961 0954 0943
PTW 23333 1.004 1.003 1.001 0999 0.997 0.994 0.990 0988 0.985 0.981 0976 0969 0963 0955 0943
PTW 30001/30010 Farmer 1004 1.003 1.001 0999 0.997 0.994 0.990 0988 0985 0.981 0976 0969 0962 0955 0943
PTW 30002/30011 Farmer 1006 1.004 1.001 0999 0.997 0.994 0.992 0990 0987 0.984 0980 0973 0967 0959 0948
PTW 30004/30012 Farmer 1.006 1.005 1.002 1.000 0999 0.996 0.994 0992 0989 0986 0982 0976 0969 0962 0950
PTW 30006/30013 Farmer 1002 1002 1.000 0999 0997 0.994 0.990 0988 0984 0980 0975 0968 0960 0952 0940
PTW 31002 flexible 1.003 1.002 1.000 0999 0.997 0.994 0.990 0988 0984 0980 0975 0968 0960 0952 05940
PTW 31003 flexible 1.003 1.002 1.000 0999 0.997 0.994 0.990 0988 0984 0980 0975 0968 0960 0952 05940
SNC 100730 Farmer 1.004 1.003 1.001 0999 0.997 0.993 0.990 0988 0.985 0.981 0977 0970 0963 0956 0944
SNC 100740 Farmer 1.006 1.005 1.002 1.000 0.999 0.996 0.994 0992 0.990 0.987 0983 0977 0971 0963 0951
Victoreen 1.005 1.004 1.001 0998 0.996 0.993 0.989 0986 0.983 0.979 0975 0968 0961 0954 0943

Radocon IIT 550

Lampiran 6. Koefisien kuadratik untuk nilai Ks
Pulsed Pulsed—scanned
a4, a a4 a, a ay

2.0
25
3.0
35
4.0
5.0

2337
1.474
1.198
1.080
1.022
0.975

-3.636
-1.587
-0.875
-0.542
-0.363
-0.188

2.299
1.114
0.677
0.463
0.341
0.214

4.711
2.719
2.001
1.665
1.468
1.279

-8.242
-3.977
-2.402
-1.647
-1.200
-0.750

4
2.
1.

533
261
404

0.984

0.

734

0.474
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Lampiran 7. Gambar Grafik Nilai PDD
kedalaman 100 mm
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Kedalaman 200 mm
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