
UNIVERSITI SAINS MALAYSIA

PePeriksaan Semester Tambahan
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AprillNdei200l

ZCT 533t4 - Dosimetri dan Perlindungan Sinaran

Masa : 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi SEBELAS muka surat yang

bercetak sebelum anda memulakan peperiksaan ini'

Jawab kesemua EMPAT soalan. Kesemuanya wajib dijawab dalam Bahasa Malaysia'

l. (a) Jelaskan petbezaan antara kerma dan dos serapan'

antara dos seraPan dan dedahan'

(b) Terangkan maksud seimbangan zarahbercas (CPE)

Tentukan perhubungan

(20l100)

amanafi

(3sl1oo)

)l-

Tenaga/Jisim

Graf di atas menunjukkan kerma dan dos serapan yang didapati apabila fant91

air disinari dengan sinar foton selari yang bertenaga tinggi yang datangnya dari

udara. Terangkan data yang diperhatikan di dalam graf'

: 
4 DosseraPan

>

t2i



lzcr s33l
2-

(c) Suatu alur foton mempunyai spektrum tenaga dari 0 MeV ke 6 MeV dan
taburan fluensnya diberi oleh {@) =E2 - 2E foton/mt MeV.

Hitungkan

(i) jumlah fluens
(ii) fluens tenagapurata
(iiD kerma purata apabila foton bertindak dengan air
(i") dos serapan purata. Nyatakan sebarang anggapan yang digunakan.

(4sl100)

2- (a)

3. (a) Nyatakan teorem kaviti Bragg-Gray (B-G).
merujuk kepada sinaran foton dan neutron.

Rajah menunjukkan suatu kebuk ion 'thimble'.

(D Namakan setiap bahagian yang dilabelkan d B, C, D.

(ii) Nyatakan bahan yang digunakan untuk membina setiap bahagian dan
terangftan sebab jenis bahan itu digunakan. Juga terangkan fungsinya.

(20/100)

(b) Biasanya N* bagi suatu kebuk ion dihitungkan. Mengapa? Terangkan
bagaimana N* dihitungkan. Tunjukkan langkah-langkah perhitungan dengan
jelas.

(30/100)

(c) Suatu kalibrasi bagi dos serapan perlu dilakukan untuk bim foton 10 MV dari
suatu linear accelerator. Huraikan dengan teliti semua langkah dan persamaan
yang perlu dilakukan kalau protokol AAPM digunakan.

(s0/100)

Terangkan had kegunaannya

Qolroo)

al... Jt-
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(b) Pertimbangkan dua kebuk pengionan kaviti udara yang sama tetapi dindingnya

berbeza. Satu kebuk *"n1puriyui dinding aluminium sementara yang satu lagi

mempunyai dinding graphitl. Anggapkan tiada.pengecilan berlaku pada foton

yang-berrenaga I irrJv apaula mJitui dinding dan kebuk ion bertindak seperti

kaviti B-G.

(i) Ketebalan dinding perlu melebihi julat elektron sekunder dari foton

I MeV. MengaPa?

(ii) Hitungkan nisbah cas yang dihasilkan dalam kedua-dua kebuk ion.

(iiD Jelaskan perbezaan dalam nilai cas yang terhasil'

(i't ) Kebuk ion manakah yang lebih sesuai untuk mengukur dos dalam

tisu? Jelaskan' 
(40/loo)

(c) Suatu kebuk ion yang berdinding nipis didedallan kepada l00R sinar 60Co'

Tetapi bacaan dalam dosimeter hanya memberi 80R. Jelaskan.

Faktor kalibrasi bagi kebuk ion adalah jitu'
(20l1oo)

(d) Jelaskan maksud dan kepentingan tenaga spesifik z dan dos serapan D'
(20llo0)

4. (a) Huraikan bagaimana proses termoluminesens (TL)

terbitkan dos serapan dalam dosimeter TL jika dedahan
6oco diketahui dalam ruang bebas.

berlaku. Kemudian
X (Ckg-t) dari sumber

(30/loo)

(b) Jelaskan bagimana bacaan relatif per unit dedahan-bersandar kepada tenaga

daipada2g keV ke I MeV bagi TLD LiF dan CaFz. Berikan sebab-sebabnya-

(30/1oo)

(c) Suatu bim Co-60 dikalibrasikan dalam udara. Bacaan berikut didapati:

Dedahan bagi satu minit
Empat dedahan yang Pendek dan

dedahan setara dalam satu minit
Tekanan
Suhu

: 52R

: 50R
: 750 mmHg
'. 250C

127
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Kebuk ion udara mempunyai faktor kalibrasi C: 0.984

[^ Bacaan dari dosimeter PiawailL'= J

I = 1'00q

(i) Hitungkan ralat bagi timer.
(iD Hitungkan dos-serapannya dalam air.

lzcr s33l

(40/roo)
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Air Water

ICRU
Compact Bone

ICRU
Striated MusclePhoton

Energy
(MeV) plP FrrlP F"rrl I plP ltulP F"rr/ P ttlp ltulP Itr.rrl I prl p F,J A lr,u/ P

r\)
cc

0.01
0.015
0.02
0.03

0.04
0.05
0.06
0.08

0. l0
0. 15

0.2
0.3

0.+
0.5
0.6
0.8

1.0
1.5
9

3

5.04
1.s6
0.758
0.350

0.248
0.206
0.187
0.t67

0.1 55

0.136
0,t24
0.107

0.0954
0.0868
0.0804
0.0706

0.063s
0.0s I 7

0.0444
0.0358

0.0308
0.0276
0.0252
0.0223

0.0205

4.61
1.27
0.51 1

0.148

0.0668
0.0406
0.0305
0.0243

0.0234
0.0250
0.0268
0.0287

0.029s
0.0297
0.0296
0.0289

0.0280
0.0256
0.0236
0.0207

0.0189
0.01 78

0.0168
0.0157

0.0151

4.61

r.27
0.511
0.148

0.0668
0.0406
0.0305
0.02+3

0.023+
0.02s0
0.0268
0.0287

0.0295
0.0296
0.0295
0.0289

0.0278
0.0254
0.0234
0.0205

0,0r86
0.017 4

0.0164
0.0152

0.0145

5.2r
1.60

0.778
0.37 1

0.267
0.225
0.205
0.185

0.171
0.151
0.137
0.119

0. 106

0.0966
0.0894
0.0785

0.0706
0.057 5

0.0493

0.0396

0.0340
0.0303
0,0277
0,0243

0.0222

4.79
r.2B
0.512
0. 149

0.0677
0.0418
0.0320
0.0262

0.0256
0.0277
0,0297
0.03 19

0.0328
0.0330
0.0329
0.032 1

0.031 1

0.0284
0.0262
0.0229

0.0209
0.0195
0.0185
0.01 70

0.0162

+.79
r.2B
0.512
0.149

0.0677
0.0418
0.0320
0,0262

0.02s6
0.0277
0,0297
0.03 19

0.0328
0.0330
0.0329
0.0321

0.0309
0.0282
0.0260
0.0227

0.0206
0.0191
0.0 1 B0

0.0166

0.0 I 57

20.3
6.32
2.79
0.962

0.51 1

0.346
0.273
0.209

0.181
0. 150

0.133
0,114

0.102
0.0926
0.0856
0.07 5 1

0.067 5

0.0549
0.0+72
0.0382

0,033 1

0.0297
0.027 +

0.02+4

0.0226

19.2

5. 84
2.46
0.720

0.304
0.161
0.0998
0.053 7

0.0387
0.0305
0.030 I

0.03 r 0

0.03 1s

0.03 1 i
0,03 1 5

0.0307

0.0297
0.0272
0.0251

0.022 1

0.0204
0.0192
0.0184
0.0173

0.0168

19.2

5.84
2.+6
0.720

0.304
0.161
0.0998
0.0537

0.0387
0.0305
0.0301
0.03 10

0.0315
0.031 7

0.03 14

0.0306

0.0295
0.0270
0.0249
0.02 19

0.0200
0.0187
0.0178
0.0167

0.0159

5.30
1.6+
0.796
0.375

0.267
0.224
0.204
0.183

0.170
0.150
0.136
0.118

0.105
0.0958
0.0886
0.0i 7B

0.0699
0.0570
0.0489

0.0392

0.0337
0.0300
0.027 4

0.0240

0.0219

+.87
r.32
0.533
0,154

0.070 1

0.043 1

0.0328
0.0264

0.0256
0.02 75

0.029+
0.0317

0.0325
0.0328
0.03 26

0.03 1B

0.0308
0.0282
0.02 s9

0.0227

0.0207
0.0193
0.0183
0.0169

0.0160

4.87
t.32
0.533
0.154

0.070 1

0.043 1

0;0328
a.026+

0.0256
0.0275
0.0294
0.03 1 7

0.0325
0.0328
0.03 25

0.03 1B

0.0306
0.0280
0.0257
0.0225

0.0204
0.0189
0.0178
0.0164

0.0155

+
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Photon
Energy
(MeV)

Aluminum Silicon Calcium Copper

tt/p FrrlP F"n/P lL/ p FrJ P Ferl P trlp lLrrl P F"rrl P Itl p ttu/P P.rr/ P

0.0r 26.2
0 015 7 .90
0.u2 3.39
0.03 1.12

0,04 0,s65
0.05 0.367
0.06 0.277
0.08 0.201

0.10 0.170
0.1s 0.138
0.2 0.122
0.3 0.104

0.4 0.0926
0.5 0.0844
0.6 0.0779
0.8 0.0682

1.0 0.0613
1,s 0.0s00
2 0.0+31
3 0.0353

4 0.031 I
5 0.0284
6 0,0266
B 0.0244

10 0.0232

2s.5
7 .+7
3.06
O.868

0.357
0. 184

0.11 I
0.0s62

0.0386
0.028s
0.0276
0.0282

0.0287
0.028 7

0.0286
0.0279

0.02 70

0.02+7
0.0229
0.0206

0.0193
0.018s
0.0181
0.0177

0.0176

2s.5
7.+7
3.06
O. 868

0.357
0.184
0.111
0.0s62

0.0386
0.0285
0.0276
0.02B2

0.0287
0.0286
0.0286
0.0277

0.0269
0.024s
0.0226
0.0202

0.0188
0.0179
0.0172
0.0168

0.0165

3+.r
10.2

+.36
1.+l

0.693
0.435
0.319
0.223

0.184
0. 145

0.r28
0.108

0.0961
0.087s
0,0806
0.0708

0.0634
0.0517
0.04+7
0.0367

0,0324
0.0297
0.0279
0.02s7

0.0246

33.3
L75
4.01

1.1+

0.472
0.2+r
0.144
0.0700

0.0459
0.03 1 2

0.0292
0.0294

0.0298
0.0298
0.0296
0.0289

0.0279
0.02ss
0.0237
0.0214

0.0202
0.0194
0.0191
0.0187

0.0188

33.3
9.7s
4.01

1.r4

0.+72
0.2+1

0.r4+
0.0700

0.0459
0.0312
0.0292
0.0294

0.0298
0.0298
0,0295
O, O2BB

0.0277
0,0253
0.023+
0.02 I 0

0.0196
0.01 87

0.0182
0.0t77

0.0175

96. s

30.1

12.9
3.98

|.78
0.994
0.646
0.363

0.255
0. r68
0.138
0.112

0.0980
0.0886
0, 081 3

0.07 12

0.0639
0,05 1 9

0.0452
0.0377

0.0340
0,03 1 7

0.0304
0.0289

0.028+

91.6
28.6
199
3.60

I .50
0.764
0.4++
0.196

0.109
0.0497

0.03 7 I

0.031 8

0.0309
0.0304
0,0300
0.0291

0.0280
0.025 7

0,0240
0.0220

0.0213
0.02 1 1

0.021 1

0.02 1 5

0.0222

91.6
28.6
12.2

3.60

1 .50
0.764
o.+++
0.196

0.109
0.0497
0.03 7 1

0.03 r B

0.0309
0.0304
0.0299
0,0289

0.0278
0.0254
0.0236
0.02 r 4

0.020s
0.0200
0.0198
0.01 98

0.020 I

224.2
74.1

33.7
10.9

4.BB

2.61
1.60
0.768

0.462
0.223
0.157
0.112

0.0942
0.0835
0.07 62

0.0659

0.0590
0.0479
0.041 9

0.03s9

0.0332
0.0318
0.03 I 0

0.030i

0.0310

I 60.

s9.4
28.2
9.50

4.2+
2.22
1.32

0.573

0.302
0.106
0.0597
0.03 70

0.03 18

0,0298
0.0287
0.0272

0.026 1

0.0237
0.0222
0.021 I

0.02r 1

0.02 I 4
0.0220
0,02 34

0.0248

I 60.

59.4
28.2
9.50

4.24
2.22
1.32

0. s73

0.302
0. r06
0.0597
0.03 70

0.03 1B

0.0298
0.0286
0.027 1

0.0258
0.0233
0.0217
0.0202

0.0200
0.0200
0.0202
0.0209

0.0215
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Carbon Nitrogen OxygenPhoton
Energy
(Mev)

Hydrogen
plp lrr,l P lr"n/ P ttlp Pu'lP lt"nl PplP FrJ P lr"nl PplP ltu/P F"rr/ P

c,

0.01

0.015
0.02

0.03

0.04
0.05

0.06
0.08

0.10
0. l5
0.2

0.3

0,4
0.5
0.6
0.8

1.0

1.5

2

J

0.38s
0.37 6

0.369

0.357

0.346
0.33s
0.326
0.309

0.29+
0.26s
0.243
0.211

0.189
0.173
0. 160

0. 140

0.126
0. 103

0.0875
0.069 1

0.058 1

0.0505
0.0450
0.037s

0.032s

0.00986
0.0110
0.0135
0.0185

0.023 1

0.0271
0.0306
0.0362

0.0406
0.0481
0.0525
0.0569

0.0s86
0.0593
0.0587
0.0574

0.0555
0.0507
0.0465
0.0399

0.0353
0.0319
0.0292
0.02s3

0.0227

0.00986
0.0110
0.0135
0 .0185

0,0231
0.0271
0.0306
0.0362

0.0406
0.048 1

0.0525
0.0569

0.0586
0.0593
0.0587
0.0574

0.0555
0,0507
0.0464
0.0398

0,0352
0.0317
0.0290
0.0252

0.022s

2.32
0.797
0.+3+
0.253

0.20s
0. 185

0.17 +

0.162

0.1s2
0.135
0.123
0.107

0.0953
0.08i0
0.080s
0.0707

0.063 7

0.05 19

0.0++3
0.03s6

0.0305
0.0271
0.0247
0.0216

0.01 96

t.97
0.536
0.208
0.0594

0.0306
0.0233
0.021 I
0.0205

0.02 15

0.02+5
0.026s
0.0287

0.0295
0.0297
0,0296
0.0289

0.02i9
0.02s6
0.0235
0,0206

0.0187
0.0174
0.0164
0.0151

0.01 43

1.97

0.536
0,208
0.0594

0.0306
0.0233
0.02 1 1

0.0205

0.0215
0.0245
0.0265

0.0287

0.0295
0.0297
0.029s
0.0288

0.0279
0.0255

'0.0234
0.0204

0.0185
0,0171
0.0161
0.01+7

0.0138

o nnJ.t t

1.19
0.602
0.304

0.229
0.196
0.181
0.164

0.154
0. 136

0.12+
0. 107

0.0953
0.0870
0.0805
0.0707

0.0636
0.0518
0.0444
0.0357

0.0308
0.027 +

0.0251
0.022r

0.0203

3.38
0.908
0.362
0. 105

0.0493
0.03 19

0.0256
0.0223

0.022+
0.0247
0.0267
0.0287

0.0295
0.0297
0.0296
0.0289

0.0280
0.02s6
0.0236
0.0207

0.0189
0.0177
0.0167
0,0156

0.0149

3.38
0.908
0.362
0.r05

0.0493

0.0319
0.0256
0.0223

0.022+
0.0247
0.0267
0.0287

0.029s
0.0296
0.0295
0.0289

0.0279
0.025 5

0.0234
0.020s

0.0186
0.0173
0.01 63

0.0151

0.01 43

5. 82

1 .75

0.830
0.373

0.257
0.211
0.190
0.168

0.156
0.13i
0.124
0. 107

0.0957
0.087 1

0.0805
0.0707

0.063 7

0.05 18

0.0445
0.0359

0.0310
0.0278
0.025s
0.0226

0.0209

5.39
t.++
0.575
0.16s

0.0733
0.0437
0.0322
0.0249

0.0237
0.0251
0.0268
0,02BB

0.0295
0.0297
0.0296
0.0289

0.0280
0.0256
0.0236
0.0208

0.0191
0.0179
0.0171
0.0160

0.0154

5.39
t.++
0.57s
0.165

0.0733
0.0+37
0.0322
0.0249

0.0237
0.025 1

0.0268
0.028B

0.0295
0.0297
0.0296
0.0289

0.02 7B

0.0254
0.0234
0.0206

0.0188
0.01 75

0.0166
0.0155

0.0148

4

5

6

B

10

...8/_



lzcr s33l
-8-

Carbon (Graphite)

EXERGY

llcV

0.0r0o
0.0r 25
0.0r50
0.0r75
0 . 0200
0 . 0250
0.0500
0.0350

.6968+01

.{7tE+01

. 50 5E+0 I

. t77E+0t
9.91 3E+00
E - 626 E+00
7.679E+00

3. r 50E-03
5.l6rE-05
t. r 6EE-03
5. I 7eE-o5
3. | 76E-05
5. I E6E-05
5. | 9+E-03
3.2048-05

l. ?t 5E-03
5 .22E8-05
3 .2{ r E-0t
5 .255E-03
5.270E-03
3.305E-03
t.357E-03
3.375E-oS

t.4r4E-05
5-523E-03
3.640E-05
1.7648-05
5.696E-03
a.r79E-05
q .4E 9E-03
{.E208-05

5. I 758-05
5.545E-05
5.955E-05
6.540E-05
6.759E-03
7.557E-05
E.559E-05
9.5238-03

. 6 95E+0 I

.{7tE+01

.5058+01

. | 77E+01
9.91 6E+00
E.529E+00
7.6E2E+00

CSDA
RAHGE

9/et2
2 . t20 E-04q. | 79E-04
5 . 76 7E-04
7.575E-04
9.595E-04
l 424E-03
I .966E-05
2.5E2E-05

3.267E-05
4 .0 | 9E-03
4 . E35E-05
5 .7 r 2E-05
6 .6qEE-05
E.6EEE-05
1.094E-02
t .539E-02

1.6028-02
2. 335E-02
3. r 568-02
{.059E-02
5 .0 328-02
7 .15?E-02
9.462E-02
I . r 92E-01

l.q50E-01
t.7t6E-0r
I .9938-01
2.27 qE-or
?.56rE-0r
3. r 47E-0r
3.745E-0r
q .352E-0 r

4. 96rE-0 |
6 .50 9E-0 r
E.0628-0 r
9.614E-01
l. I I 6E+00
1.4238+00
1.727E+00
2.027E+00

?.323E+00
2.6 I 6 E+00
2.9068+00
3. I 93E+00
3.476E+00
{.036E+00
4.5E5E+00
5.11!f,+O0

5.6578+00
6.952E+00
E.202E+00
9.ql4E+00
t.0598+01
I .2E48+0t
1.4968+01
1.702E+01

l.E97E+01
2. 0E 5E+0 |
2.2511+0r
2. q53E+0 |
2.59E8+0 |
2.9llE+01
3.203E+01
3.477E+01

.655E-05

.036E-04

. I 998-04

.555E-04

.506 E-04

. 7 96 E-04
2.073E-06
2 . 340 E-04

2.597E-04
2.E47E-04
5.090E-04
5.327E-04
3.55EE-04
{ .006E-04
4.{{lE-04
t.E60E-04

5.26E8-04
6.2q3E-06
7. I 6EE-04
E.0558-04
t. 9t 1 E-04
r.055E-03
I .2r 3E-03
r .367E-05

r.5rEE-05
t .66t8-05
l.Er7E-03
t .966E-05
2. I I 5E-03
2.4r58-03
2.7r9E-03
5.026E-05

5.357E-03
4. r 35E-05
4 - 956E-03
5.799E-03
6.665E-03
E.q50E-05
t.029E-02
l.2tEE-02
l.4t0E-02
1.6068-02
l.t05E-02
2.0058-02
z.20qE-02
2.6r0E-02
3.020E-02
3.452E-02

5. E45E-02q.a77E-02
5.903E-02
6.9rEE-02
7 -917E-02
9.E6rE-02
l.t73E-01
r.35lE-01

r .522E-0 I
r.665E-01
l .E4l E-01
l.99tE-0r
2-r338-0|
2.40 I E-0 |
2.64EE-0 I
2. E75E-0 |

1 .920E-03
2.4E1 E-05
5.075E-03
3.695E-03
4.3478-03
5.756E-03
7 .236E-05
E.E43E-03

SToPPIXG PotlER
COtLISIOH RADIA?IVE TOTAL

tfcV cr2lg tlcV er2zg AcV etz/g
2.0ltE+o1 2.0148+0r

RADIATION DEXS. EFF.YIELD CORR.
(DELTA)

0.0400 6.950E+00
0.0450 6.372E+00
0. 0500 5. 90 I E+00
0 . 0550 5 .51 0E+00
0. 0600 5. I 79E+00
0.0700 {.6528+00
0.0E00 q.2{9E+00
0.0900 5.93t E+00

0. r 000 5.574E+00
0. | 250 9.2q4f,+00
0. I 500 2.EE6E+00
0.r750 2.657E+00
0 .2000 2.4E5E+00
0.2500 2.245E+00
0 . 3000 2.0E7E+00
0.1500 I .9778+00

.E96,E+00

. E55E+00
- 7EE E+00
.7528+00
-722E+00
.679E+00
. 650 E+00
.63t E+00

6.955E+00
6 .375E+00
5. 904E+00
5 .5 I 5E+00
5. lESE+00
q . 6 55E+00
q.2558+00
3. 935E+00

5.677E+00
5.2078+00
2.E90E+00
2.6618+00
2.4t9E+00
z.2t9E+00
2.0928+00
r .9Et E+00

0. {000
0.4500
0.5000
0.5500
0.6000
0. 7000
0.6000
0. 9000

2 .27 1 E-02
2.7 q0E-02
3.237E-02

5.760E-02
5. r 66E-02
6 . 6 948-02
E.320E-02
l.o03E-01
r.365E-01
1.7608-01
2. r 29E-0 |

2.5248-Ol
2.922E-0r
3.32rE-01
5.7r9E-01
4.lr4E-01
4.E9rE-01
5.54EE-0t
6 .3E2E-0 |

.055E-02

.236E-02

.c25e-02

.624E-02

. E32E-0 2

.02E8+00

. I 67E+00

.295E+00

.522E+00

.7208+00

. E94E+00

. 90 I E+00

. E4 | E+00

.794E+00

.75t8+00

.7298+00

.5E78+00

.6598+00
- 6{0E+00

2.032E+00
2.0 95E+00
2. I 57E+00
2-278E+00
2.596E+00
2.5 r 2E+0 0

.0000

.2500

.5000

.7500
2.0000
2.5000
3.0000
5.5000

.6 | 7E+00

.599E+00

.595f+00

.5 94 E+00

.5978+00

.60E8+00

.62 I E+00

.634E+00

.6478+00

.65tE+00

.669E+00

.6'798+00

.669f,+00

.7068+00

. 720 E+00

.7538+00

.7458+00

.75 9E+00
- 7E7E+00
. E0 3 E+00
-6t6E+00
. E36, E+00
- E52E+00
. E65 E+00

. t77E+00

. tE6E+00
- E 95E+00
. 90 5E+00
.919f,+00
.9228+00
.9528+00
.942E+00

r.053E-02
l.3lEE-0?
L 6028-02
l .90 r E-02
2.2rSE-02
2.E70E-02
3.56 r E-02
q .2E I E-0?

5.026E-02
5 .7 9?E-02
6.5768-02
7.37EE-02
E. | 938-02
9.E65E-02
t.r5EE-0r
r.53qE-01

r.5rsE-o1
r.97tE-01
2. q4(E-0 |
2.927E-01
5-4178-01
4.6 I 7E-0 I
5.435E-01
6 .466 E-0 I

I .627E+00
l.6l2E+00
1.6098+00
t.6l3E+00
I .6 I 9E+00
I .657E+00
1.6578+00
1.677E+00

.6 97 E+00

.7168+00

.755E+00

.75 3E+00

.77 I E+00

. E04E+00

.656 E+00

.667E+00

.E96E+00

. 966 E+00

7.09r E-0 |
6.756E-01

1.0000
q.5000
5.0000
5.5000
6.0000
7.0000
E.0000
9.0000

10.0000
r 2.5000
r5-0000
r 7.5000
20.0000
25.0000
30.0000
35.0000

40.0000
45.0000
50.0000
55.0000
60.0000
70.0000
E0.0000
90.0000

7.50E8-0 |
E.55 9E-0 |
9.5 t 7E-0 |

.06EE+00

. I 75E+00

.59 I E+0 0

.60E8+00

. E26E+00

2.627E+00
2.7qzE+00
2.657 E+0 0
2.97rE+00
5.0E5E+00
5.51 5E+00
3.541E+00
3.76EE+00

z.05lE+00
2. 1 95E+00
z. 525E+00
2.4438+00
2.555E+00
2.75EE+00
2-939E+00
5. I C4E+00

5 .256E+00
3.59tE+00
a.g79f+00
4. I 538+00
4.36 I E+00
4.755E+00
5.0EEE+00
5.3768+00

5.62EE+00
5. E54E+0 0
6.057E+00
6.2qtE+00
6.4t I E+00
6.71 2E+00
6 . 974E+0 0
7.2068+00

132 ...9t-
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Aluminum

EXERGY STOPPING POT.IER
COLLISION RADIATIVE

llcV AcV c;z/g llcV cr2zg

. 6q 9E+0 I

. 59EE+0 I

. z20E+0 |

. qg3f,+0 I

.972E+00

.6398+00

.7 47E+00

,.664f,+00
6. ISEE+o0
7 . ZETE+o0
6 . 50 9E+00

3 - I 77E+00
,. 7g 1 E+00
2.51 5E+00
2-529f,+O0
2. | 7qE+00

6.559E-05
5.700E-05
6.79EE-03
6.E7rE-05
6.926E-05
7.00{E-03
7.059E-05
7. r 00E-03

7. | 5SE-o3
7. | 628-05
7.r9lE-05
7 . Zt 7E-05
7. ZTSE-o3
7.295E-05
7.550E-03
7. rr I E-03

.706E-0 I

. 57 qE-o 1

.4598-01

.557E-0 I

IOTAL

llaV eszlg
.650E+01
.996f,+01
.22t E+0 I
.0EEE+0 |

9.65t E+00
E. 545E+00
7 .2948+00
6.5t 5E+00

5.9t 6E+00
5. 437f,+00
5. 046E+00
4 .7Zt E+00
{. 0{6E+00
n. 995f,+00
5 .66EE+00
5. 40 I E+00

5 . r E5E+00
2. 799f,+00
z. 521 E+00
z. SZEE+00
2. rE3E+00

CSDA
RANGE

glet2

3.539E-0{
5. | 92E-04
7.tttE-oq
9.2E4E-04
| . | 70E-05
| .72{E-03
2.557E-03
3. 095E-03

5 - 900E-03
4. 7E3E-05
5.73EE-03
5 .763E-03
7 . E55E-0 5
I .0238-02
r .2E4E-02
r .56tE-02

t -E7ZE-02
2.71(rE-02
5.659E-02
6 - 6 93E-02
5. E06E-02
E.Zt7E-02
r .0E5E-0 I
l.56tE-01

1.652E-01
r . 952E-0 I
2.250E-0 I
2. 575E-0 I
2. E94E-0 t
3. 545E-0 t
( - z06E-0 I
4 . ETqE-o I

5.5{6E-0 t
7 -231E-01
E. 9l 2E-0 I

2. | 528-0q
2.5EsE-o4
5. 0 t 6E-04
3.455E-0q
5. E40E-0(
4.616E-04
5. 3538-04
6.05EE-04

6.756E-0(
7.590E-04
E .022E-0q
E.636E-04
9.232E-04

.05EE-03

. I 47E-05

.25?,e-03

. 553E-0 3

.593E-03

.Er6E-03
z.0zEE-o3
2.251E-05
2.6 | 5E-05
2 . 9E2E-0 3
5.535E-03

3. 67EE-0 5
6.016E-03
{ . 569E-0 3
4 . 560E-0 5
5.009E-05
5.654E=03
6.51 9E-03
6.976E-05

7.656E-03
9.506E-03

3.554E-0q
4.937E-04
6 . 55EE-04
6 . 552E-0q
r.05rE-05
r . {63E-03
2.005E-03
2.593E-05

5.2q6E-0s
5.960E-03
4.7528-03
5.560E-03
6.460E-05
E. 551 E-05
I .0(58-02
t.271E-02
l .5t 3E-02
z. t75E-02
z .9078-02
5.6948-02
4 .5258-02
6.2E0E-02
E. I I 6E-02
e .997q--02

. l 90E-0 r

. 5E0E-0 I

. 56 9E-0 I

. 757E-01

7 . 4768-0 5
7.659E-03
7 . E65E-03
6.096E-05
6.344E-03
E .6E6E-05
9 . 467E-0 3

0r 3E-02

.0EzE-02

. | 5qE-02

. z50E-02

.509E-02

.590E-02

.560E-02

.759E-02

.9258-02

z. l l 9E-02
2.650E-02
5. r 778-02
t -752E-02
{. 550E-02
5.505E-02
6 - 92qE-02
t -2928-02

9.702E-02
.rt5E-0r
. 26 3E-0 I
.(r5E-01
. 567E-0 I
. E7 9E-0 I
. 200E-0 I
.526E-0 I

. E5EE-01

RADIATION DEXs. EFF.
YIELD CORR.

( DELTA )

0 .0100
0.0 r 25
0.0r50
0-0175
0.0200
0.0250
0 .0 500
0 _ 0350

0 .0{00 5. 9699+00
0 - 0(50 5.450E+00
0.0500 5.059E+00
0 .0550 4 .71 qf,+O0
0.0600 4. qg9f,+00
0 . 0700 5. 996E+00
0.0E00 5.651f,+O0
0 .0 900 5. 594E+00

0. 1000
0. r 250
0.1500
0.r750
0.2000
0 .2500
0.3000
0 - 3500

0 . (000
0.4500
0.5000
0.5500
0.5000
0.7000
0.6000
0.9000

.699f,+O0

.550E+00

.5928+00

.559f,+00

.5q0E+00

.507E+00

. 4g6g+0 0

. 67 gf,+0 0

- {65E+00
.4578+00
. q5 gf,+0 0
. q6,5f,+00
. q75f+00
. 493E+0 0
- 51 0E+00
.526E+00

.9Et E+00

. t49E+00

.7571+00

.69tE+00

.5q2f,+00

.604E+00

.576E+00

.554f,+00

.522E+00

.503E+00

.492f,+00

. {E6E+00

. qE4E+00

.691 f,+00
- 5q4f,+00
.516f,+00
.549E+00
.59qf,+00
.609E+00

r . 9s5E-0 I
2. 307E-0 I
2.661E-01
5.0058-0 I

3 . 359E-0 I
4. l 3EE-0 I.0000

.2500

.5000

.7500
2.0000
2.5000
3_0000
3.5000
(.0000
6.5000
5.0000
5.5000
5.0000
7.0000
6.0000
9.0000

| 0.0000
12.5000
r5.0000
r 7.5000
20.0000
25 - 0000
50.0010
55.0000

40. ob0o
45.0000
50.0000
55.0000
60.0000
70.0000
E0-0000
90.0000

. !q6f,+o0
_ 552f,+O0
.55r.E+00
.574E+00
.5E3E+00
.599E+00
. 6 I 5E+00
.525f,+O0

.656E+00

.55EE+00

.676E+00

. 5 9l E+00

.79qf,+00

.725E+00

.7q58+00

.757E+00

. 76 9E+00

.7E08+00

.7E9E+00

.797E+00

.665f,+O0

. 6 1 3f,+00

.629E+00

. E5EE+00

.05E8+00
-22qE+00
.550E+00
.E69E+00

?. I E5E+00

2.49tE+00
2.7 9qE+00
3.092E+00
3.566E+00
,. 675f,+00
{.2428+00
4. 795E+00
5. 554E+00

. I 0l E-02

.2748-02

.449E-02

. E0EE-02

. : 05E-0 I

. z7 5E-0 |

. {5EE-0 I

.7q5E-01

2-173E-02
z.54qE-02

2.9rEE-02
3.296E-02
3 - 675E-02
4.055E-02
+ .436E-02
5 -1 978-02
5-955E 02
6.70EE-02

7.4548-02
9.ZEtE-02

q.E9EE-01
5. 552E-0 I
5 . 369E-0 |
7 .7i7E-0r
9. r 45E-0 |

.051 E+00

. I E5E+00

.51 lE+00

. {33E+00

.550E+00

. 56 I E+00

. E6EE+o0

.657E+00

.6648+00

. 6 90E+00

. 7 | 5E+00

.7598+00

.7E7E+00

. E33E+00

. E77E+00

921 E+00

3. I qEE+00
3. 349E+00
5. 550E+00
3. 751 E+00
3. 95r E+00
q.555E+00
,r.755E+00
5. I 5EE+00

?
z

z
5
q

6
E

2.029E+00
2. I 56E+00
z.z37E+0Q
2.3{0E+00
2. 54qE+00
2.7{6E+00
2. 9{7E+00

5. E6 t E+00
7 . t27E+00
E. 52E,E+00
I . qTZe+00

.0568+01

.2618+01

. {50E+01

.6268+O1

. 790E+0 I

.944E+01
2 . 0E9E+0 I
2 .226E+O1
2. 356E+0 t
2. 597E+01
2.Et7E+01
5.019E+01

z .027|-01
2.ZE7E-01

2.'ZEE-O1
2.75rE-01
2. 959E-0 I
3. l 52E-0 I
3 . 533E-0 1

5.652E-0 I
3 . 955E-0 Iq.2t4E-01

2.055E+00
2 . ZZ6E+00

2. 3E4E+00
2.727E+00
5.016E+00
3.265E+00
3.4E4E+00
5. E57E+00
4. I 6EE+00
6.455E+00

6.669E+00
4. ETEE+00
5.066E{00
5.261E+00
5. {0 I E+00
5.687E+00
5. 93EE+00
5.l6lE+00

. 'l E0E-01

.003E+00

. | 90E+00

.579f,+00

. 56,9f,+00

. 75 1 f,+00

. 953f,+00
2 - t q75+00
,. 5g5t+00
Z.9Z7E+0O
5. 929f,+O0

i33
... l0/-
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Water (Liquid)

EXER6Y

? - 0000

cs DA
R,A'{GE

g/ e;2llcV

0 .0 t 00
0.0t25
0.0 | 50
0.0t75
0 .0200
0.0250
0.0500
0.0550

0.0q00
0 .0450
0.0500
0.0550
0.0600
0.0700
0.0E00
0.0900

0. r 000
0.r250
0. r 500
0.1750
0.2000
0.2500
0.3000
0.3500

0.4000
0.45C0
0.5000
0 - 5500
0.6000
c.7000
0.E000
0.9000

.0000

.2500

.5000

.7500

STOPPIXc POl.lER
COI.tISIOX R^DIATIVE TOTAL

fioV crtlg HcV crtlg FcV crtlg
.256E+0 |
. E 978+0 |
.6478+0t
.{6lE+0t
.5178+01
. t09E+01

9.655E+00
E.592E+00

9.657E+00
E.5968+00

RADIATIOI{ DENs. EFF.
YI ELD CORR -

(DELTA)

9 - 40EE-05t.E9EE-01
5.927E-03
5.9448-05
5.9558-0t
5.965E-05
5.974E-0S
5. 9t{E-0 5
5 - 991E-0 I
r.0058-0s
1-0IEE-03
{.05t8-05
{ - 0468-0 l
{.0628-0 I
{.09E8-05
{. | 5EE-0 I
1. rElE-05

{. zzEE-0 S
1. 5558-0 5
{. 69qE-0 5
r.64lE-01
6. E0 | E-0 l
5. r4rE-05
5.5rCE-05
5.9rlE-o5

.257 E+0 |
. t9EE+0 |
.5478+01
.45 I E+0 I
.3lEE+0t
.lt0E+0t

z. t51Ef00
z. 090Eo00
2.06tE+00
z. 0058+00

.972E+00

.925E.00

. E96E+00

. E768.00

. E62E+00

. t15E)00

. E4 t f,rq6

. Etsf,+gq

. E50E+00

. E6eE+00

. EE9E+00

.9t 0E+00

2.5r5E-0{
5.72E8-0+
5 - | 478-0t
6.76 I E-0t
E.566 E-01
1 .272E-03
I .756E-05
2.J068-05

z.9l 9E-05
5.59r E-0t
r. 5208-05
5. l05E-05
5.9q0E-05
7.7628-0 5
9.771E-05
| . I 96E-02

| . ttt E-02
z. 0E5E-02
2. tl 7E-02
5.62?E-02
r.1E7E-02
6. t72E-02
E ...21E-02
r.0608-01

I . ztEE-0 |
r .52S8-0 I
r .7668-0 I
2.0rtE-01
?. 265E-0 I
?. 77EE-0 I
l. 502E-0 I
s . ES2E-0 I

q. 567E-0 r
5.7t7E-01
7 . 0758-0 I
E. 1J2E-0 |
9. 7E5E-0 |
1 . Zq7E.00
I .51 eE+o0
I .777E+00

?. 0578+00
2.295E+00
2.5508i00
2. E02g+00
1.052E+00
5.565E+00
r.050E+00
1.506E+00

f. 975E+00
6. I I 7E000
7 . 2 t 9E+00
E.2E6E+00
t.520E+00
l. l J0E+0t
r.:t7E+01
1.1968+0t

I .565E+01
r . t2EE+0 |
I .9ElE+0t
2. r tzEf0l
2.276E.01
Z . J4tE.0 I
2.t998.0t
t.01tE+0t

. r 338-0{

.5r6E-06

.4928-07

z. l0 r E-0{
2.5998-0r

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2. I {EE+00
2. 0658+00
2. 05qE+00

.9958+00

.9618r00

.9ttE.OO

. tE6E+00

. E6{E.0 0

7 .7778+00
7. | 50E+00
6.5058+00
6 - | 66E+00
5.7978+00
5.207E+00
$.7578+00
6.4028+00

4. t t 5E+00
5. 591 E+0 0
5.2568+00
z.9EgE+00
2.793E+00
2.'ZEE+00
2.555E+00
2. 255E+0 0

7.7t I E+00
7. I 5qE+00
6.6078+00
6. I 70E+00
5.E01 E+00
5.2ttE+00
$. 7628+0 0
1. C07E+00

r. l20E+00
1.596E+00
5. e{2E+o 0
2.96E8r00
z.79EE+00
2. 35SE+00
2. 560Ei00
z.?qtE.00

?.6E6 E-0 {t. l65E-0r
5. qtSE-0r
3.69E8-0r
5. 9558-0e
t. q52E-0{
r.9tlE-0{
t. f95E-0{
5.E1rE-0+
6.9r 2E-0{
7. 9268-07
E. t9qE-07
9.EZ6E-04
r.r6lE-05
| .3J r E-01
r . r96E-05

r.6tEE-0J
l.ErtE-0t
r .9768-01
e. I 5.8-0 5
2 . 292E-0 5
2.60EE-03
e.9ztE-0J
l.25tE-05

r.663E-0{
l .9908-0r

5.579E-0t
1.616E-05
5.ZErE-05
6.t7tE-0t
7 . 0E5E-0 1
E. 9698-0 3

.0928-02

. z9l E-02

. T9tE-02

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
l. l05E-02
2. 93EE-02
7. q55E-02
l.267E-0t
l.EJ5E-01

2. 42EE-0 l
l.9q4E-0 |
5. {57E-0 |
6. E66E-0 I
E.2rEE-01
I .069E.00
r .:EEEl00
I . (EqE+00

| .660E100
l.E2tE+00
r .967E+00
2. t0?E.00
2 . Z27E.oo
2. q53E+00
2 . 6 528+00
2. E5l E+00

2. 9928+c0
l.lqrE+00
I . 6 55E.00
J. EE5E+OOq. | 078+00
{. {E7E+00
{. E06E+00
5.0t38+00

t. 126 E+00
3.5ceE+00
5.7{18.00
5. 9a I E)00
6. lE7E.00
6.3E3E+00
6 .6{ ? E}00
6 .87 | E+00

6.55e8-01
6 . 7E7E-0 5
f.z57E-0t
7.7C7E-at
t . 251E-0 l
9.5r?E-05

. Er9E+00
. E29E+00
.6228.00
, E2l E+00
. E2{E+00
. ESqE+00
. ET6E.00
. E5EE+00

. E70E+00

. EE?E.OO

. E928.00

.90?E+00

.91 I 8.00

.9268+00

.913E+O0

.956E.00

:.0llEr00
2.046E000
2.070E+00
2.0E9E+00
a.l05E+00

.065E-02

. | 59E-02

. zEoE-02

.600E-02

.9{28-02

. t03E-02

.67EE-02

. {56E-02

.299E-72

. I 64E-02

2.5000
5.0000
3.5000

4.0000
6.5000
5. t000
5.5000
5.0000
7. 0000
u.0000
t.0000

r 0.0000
I 2. 5000
15. 1000
1 7.5000
20.0000
25.0000
30. c000
15. 0000

r0. t0oo
65. t000
:0, ?000
-(5. r000
60.0000
7t.0000
Eo. ,'0000. 00oo

6.05t8-02
6.976E-02
7.9t7E-02
E. E76E-02
9. E5qE-0?
r. rESE-ot
I . 19r E-ol
l.60rE-or
r.El0E-01
2.362E-01
2. 925E-0 I
1.50 | E-01
{. cE5E-01
5.2/78-ol
6.4E9E-0r
7.7r6E-01

. 9t 5E-0 r

.02r8100

. I 46 El00

. 27 lE|00

. q00E+00

.6t68)00

.9t6t|00

. I 7 !Ei00

. 95t f,+99

. 95 | f,+96 r .702E-02
r.9rlE-02
2. | 258-02
2. Jt6E-02
2.766E-02
5.200E-o2
5 . 6 568-02

. .072E-02
5.r63E-02
6.2q5E-02
7 . J0 9E-02
E.555E-02
r.059E-01
| .2JJE-0 I
r.{lEE-o1
r. t9.E-0r
r .762E-01
r.9238-0r
2. 0768-0 r
2 . 222E-0 r
2.496E-01
2.1t,7E-01
2 . 97EE-0 |

l.97lE+00
I . 991 E+00
2. 0l0E+00
2.0ezg+gq
2.0E2E+00
2. I r 6E+00

96EE+00
r .9938+00
2.otcg+gg

z. r (98+00
?.250E+00
2 . J05 8.00
2._rEtE+00
2 . .5t 8.00
2.5968100
2.75E8r00
2.E768+00

t.0 I lE+o0
t.l50E.0o
: . 2E5 E+00
1.42r Elo0l. t56E+00
J. E27E.00
4.0968.00
.. t66ti0o

2. I l EE+00
2. I 29E.00
2. t 39E.0o
2. I ctEr00
2.156E+00
2. t 70Erc0
2. I E2E|00
2. | 938+00
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Material

Density
(g/cm3)'

Electron densitY
(1023 e/g)

I
("V)'

A-150 plastic'
Adipose tissue

(Fat, ICRP)'
Airb
Bone, cortical (ICRP)'
Calcium fluoride, CaF2

Carbon dioxide, CO2
Cesium iodide, CsI
Lithium fluoride, LiF
Lucite, (CsHsO2)"
Muscle, skeletal (ICRP)'
Mylar, (CleHsOa)"
Nylon, type 6

(coH,,NO)"
Polycarbonate

(c16H14o3),
Polyethylene (C2Ha),
Polyimide (C22HroN2O5)
Polypropylene (C3H5)"
Polystyrene (CsHs),
Polyvinyl Chloride

(c2H3cl)"
Pyrex (borosilicate glass)b

Silicon dioxide, SiO2

Silver bromide, AgBr
Sodium iodide, NaI
Teflon, (CzFn),
TE gas (methane-based)"
TE gas (propane-based)'
TE tiquid (no sucrose)D

Water. HoO

x 10-3

x 10-3

1.30
2.23
2.32
6.+7
3.67
2.20
1.064 x 10-3
t.s26 x 10-3

1.070
0.9982

1.127

0.92
1.205
1.Bs

3. 18

r.8+2
+.51

2.6+
1.19
1.04

1.+0

1.1+

L.20
0.94
1.+2

0.90
1.06

3.306

3.363
3.006
3.r39
2.93t
3.010
2.s03
2.786
3.2+8
3.308
3.r34

3.299

3.173
3.+35
3.087
3.372
3.238

3.083
2.993
3.007
2.629
2.571
2.890
3.312
3.314
3.313
3.343

65. 1

63.2
85.7

106.4
166

85.0
s53

94.0
74.0
/ J.5
7 8.7

63.9

73.1

57.+
79.6
59.2
68-7

108.2
t3+
t39.2
487

452
99.1
61.2
59. s

7 +.2
75.0

oData from Berger and Seltzer (1983)

'See compositions in Appendix B.3

'Assuming T : 20"C., P : 7 atm', and Charles' Law for gases applies'
l/is the mean excitation potential for stopping power, see chapter B.
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