10
15
20
30
40
50
60
80
100

s2114

<1890

L1718

k ; Q002
+Q006
L0010
Q014
L0018
Q02T

Q033

LQ37Y 0045
0304 Q04
SO L0071
5 Q081
<0090

18 +Q0946
0100 L0107
G083 QL1

0
39

LOEEL
LOEOR
QAGEE
(400
Q353
L0319 L0317
0 + 01
L0201

Q110

L0108 L0098

728 The Physics of Radiology
TABLE A-4a RADIOLOGICAL PROPERTIES OF HYDROGEN
Z=1 o =0.08375 kg/m® (NTP) 5.974 x 10?8 elect./kg A=1.0080
5.974 x 1025 atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy 2 transferred =
(10_24 —_sz) or <10'28 m? ) lem®/g] (To get or absorbed power 8
1 1 . 2
som e, [m?/kg] divide by 10) _ in McVem
o 9oh Tinc T «® A <i‘n> <pab> v Lab =
coh. incoh. photo pair <p> P, P s*
[keV}
1 LE808 0 L0844 11,58 L 719
1.5 +A4984 3 ] 1.746
2 4141 LALGE
3 B <1482
4 B 1 Q644
b + 1341 L322
& L0999 SOLP4
8 L0613 L0980 «Gll4
10 L0412 WE994 0 L0044 + 0098
15 L0194 L6095 L0011 Q110
20 L0112 Q004 Q130G
30 + O L0001 157
40 +QO2Y 2.468
G0 Q018 4.04
40 «0013 G b2
80 L Q007 9,37
LO00%
L0002 443
LQ001 - 4064
L0001 vl LOETY
L0584
LO5Y

4,60
4. HY

e

*Av. Stopping Power in [MeV cm? g'l] for the spectrum of electrons produced in the medium by photons of energy hv




0062
20001
001
L0001

LO17é,
L0048
SO0

{r

08
ae . ne
b 48

18,

10,05
F, 940

Q77
L7008

1.0
@38
&9l

& 89

¥.,98

Photon Interaction Coefficients 729
TABLE A-4b  RADIOLOGICAL PROPERTIES OF CARBON
7=6 p = 2250 kg/m3 3.008 x 1026 elect./kg A=12.011
5.014 x 1025 atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy 2 transferred —
<10.24 —Cm:) or (10'28 m? ) {em®/g] (To get or absorbed power §
T 1 .
e e [m?/kg] divide by 10) _ in Ak&gaﬁ
hy Yeoh  %inc T K <F_> (#n> <#ab> Etr Eab =
coh. incoh. photo pair P s p s*
(keV]

20,2
Léal
14,0

1 L0008

1 SQO0E L0001

1 LO00E L0016

Q002 Q0G4 ox

3 D001 i L0184 J

F) o 2 3

4] L APE4 I

& A0 G |

8 + 3604 L0214 ELAQ L, 4%

(AY] L840 Q196 L0138 7430

15 L1094 20LA9 SO125 1147

20 L1321 LE& L0121 1é&.4

30 Q1

40 LOLLR FE&

S50 0111 77

50 L0109 2

80 L0106 G904 L+ 79

100 20104 717 L. 81
*Av. Stopping Power in [MeV cm? g"l] for the spectrum of electrons produced in the medium by photons of energy hy
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800
MeV]

10
15
20
30
40
jele
&0
80
100

L0044
L0038
L0024

L0018

L0012
L0007
+LQ00%
L0003
L0001
Q001

L0885
L0698

L0001
PRelelent

fR27E?
L2994
3198

L0189 L0187

L0176 L0174

0 L0163

01 L0180

L0203 0149 L0144
L0177 L0140 L0133
L0167 L0139 L0129
156G 3% L0126
0124

L0124

Q122

20120

20119

1,06
1.74
2e8é
3,21
3,99

D63

7. 3G
11.8
L& b
26,2
36,1
4640
56.0
7549

G&.0

;0?3
2,43
F.17
F.92
5.48

710
1Le2
1854
2.7
Zil.7
39.4
46.8
[0S
73.4

TABLE A4c  RADIOLOGICAL PROPERTIES OF NITROGEN
z=7 p=1.165 kg/m® (NTP) 3.010 x 10?6 elect./kg A=14.007
4.299 x 1025 atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy 2 transferred =
102% ¢m? 10728 2 (em®fg} (To get or absorbed power §
atom) °F ato; 2 . MeV cm?
[m*/kg] divide by 10) o in Yerem
hy %oh Yinc T K u <“t1> Uab B, Ep =
coh. incoh. photo pair <?> P P 5*
[keVv]
1 3395,
L 1122,
2 X 3.2
3 ] 1 148.,3
4 14,21 61 .49
] 1110 B0 bb
8,925 17.23

*Av. Stopping Power in [MeV cm? g'l] for the spectram of electrons produced in the medium by photons of energy hv
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10

20
30
40
G50
&0
80
100

L0101

Q006
L0004
(R elolek:
Q002

L0017 Q001

0011 L0001

L0007

Q004

Q002

0001

<000

1270
+ 1404
<1174
+ 1010
20798
LQHLT

L QF7
L0709

OULY
Q444 L0235
Q207
L0189
Q174

L0166
LO1E

016

Q166
QL2

LThesk

741
1.06
1.74

96,3

1.72
243
Fel?
392
b4

71.9

Photon Interaction Coefficients
TABLE A-4d  RADIOLOGICAL PROPERTIES OF OXYGEN
Z=8 p =1.332 kg/m® - (NTP) 8.011 x 1026 elect./kg A=15.999
8.764 x 10%5 atom/kg
Photon Basic Coefficients in Interaction coef, in Av. energy Stopping
energy 2 transferred —
1024 ¢ 1028 2 [em®/g] (To get or absorbed power §
atom; °F atom, 9 . MeV em?
[m®/kg] divide by 10) - In e
hy Yoh %inc T K N (# tl'> (“ab) tr Eab =
coh. incoh. photo pair (p) P P §*

[keV]

i)

1o 8é.4

2 Ph.8

3 SX. 8

4 Ga.8

5 48,2

[ 43,2

it 346.0

10

15

20

30

40

50

40

850

*Av. Stopping Power in [MeV cm? g'l] for the spectrum of electrons produced in the medium by photons of energy hv
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TABLE A-4e  RADIOLOGICAL PROPERTIES OF ALUMINUM ‘
Z=13 o = 2699 kg/m3 2.902 x 1026 elect./kg A=26.981
2.282 x 102% atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy s transferred 3
(1()'24 cm? 1028 ? [cm*®/g] (To get or absorbed power
ator) °F atom, 9 ) . MeV cm?2
[m*/kg] divide by 10) - _ in ==
hy %oh Zinc T K (_& (“tr> <#3b> Etr Eab =,
coh. incoh. photo pair p> P 4 §

G007 L.163 19870,

FOL05 L.164 189900,

e 103200,
346080 06,9

22611 14490,

93

8814,

1 &

G0 L9

147
1oL

Y

D06

4 LO00 .

it L Q0] L0001 + 0 )
& L0002 0O L0173
4] <G00 Q166

LQ001 0lé6

QL
+ QO
LQLA7
[ N-T.]
LQ1L&7
L0164

4 L0140
PROJEE: T oR B T

*Av, Stopping Power in [MeV cm? g'l] for the spectrum of electrons produced in the medium by photons of energy hy




Photon Interaction Coefficients

733

Z=20

TABLE A-4f

p =1550 kg/m3

RADIOLOGICAL PROPERTIES OF CALCIUM

3.005 x 1026 elect./kg
1.503 x 1025 atom/kg

A=40.080

Photon
energy

Basic Coefficients in

<10'“ cm2) or <10‘28 m? )
atom, atom,

[ .
coh  Zinc T K

coh. incoh. photo pair

Interaction coef. in
[cm2/g] (To get

[m?/ke] divide by 10)

B & G

Av. energy
transferred
or absorbed

Stopping

power s

in MeV cm?
g

S*

4.5
5
&
2]

10
15
20
30
40
G0
&0
80

100 .
150
200
200
400
SO0

i

0
1%
20
30
40
50
60
80
100

2167
197.,0
16364

P.901
P RED

BeR7E
4,394

2850

2P 06
12.01

L0200
L0128

L0089

L0008

L0024
0013
L0009
L0007
Q008
+Q004

1.924
L&l
1,468
1201

L0008
L0008
L0003

L5342

L0002 1
Q001
0001

L0003
L0002 1
, 0001
L0001 1

» &GS 243

L7386,
810.2
27044
1i9.3
808 .0
&1

140.9

8738

1503
7689
L4474
L1971

1,791
1.004
L6519

L0374
QL9
LQE08
Q0303
Q301
L0296
L0289

L Q980
0886
0848
Q778
L0712

0639
o

L0279
SORHE
L0254
SORF4
L0216
L0206
L0202
L0198
L0198

0378
+ 034C
L0318
L0301
L0288

L0203
L0209
L0218

0284
28

20307

LO3VL L0363

[MeV]

+440
+588
+ 740
106
178

2l

76 39,0
77486 48,2
97,7 A0

&30
G767
49 .3
42.9
40.7
B85
34.%

29.4

2.7
19,9
14.4
12

10.2
@8.73
P74

&40

1.68
170
L+71
1473
1.753
cla76

*Av. Stopping Power in {MeV cm? g-l] for the spectrum of electrons produced in the medium by photons of energy hv
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™

RS t
RADIOLOGICAL PROPERTIES OF COPPER

10
19
20
30
40
50
60
80
100

8.009

346 L3932
L0848 4,797

Q544
L0349 0
+ 0 4
01348
L0061
L0034
2003
+Q01E

+Q00%
L0008 1.483
20002

1.098
L8812

Q001
Q001

0470
5L G009
L0414

L0030 1,107
L0210 1,447

20016 1
0011
0008
L0005 32
Q004 X
L0003 3
00
+0002
L0001

Q307

Q303

L0310 L0248
L0320 L0276
s0341 L0305
L3711 3
<0391 k.
0412 .03
L0424 L0410
0447 L0430
L0467 L04KER

4,20

6,08 H.01

8.01
12.9
17.9
7.9
37.9
48,0
G, 0
T80
98,0

TABLE A-4g
Z=29 p=8960 kg/m? 2.749 x 10%5 elect./kg A=63.540
9.478 x 10%* atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy 9 transferred =
<10-24 o ) or (10 * = ) Lem™/g] (To get or absorbed power S
atom atom . 2
atomy atom [m?/kg] divide by 10) _ in MeVem
hy Ocoh  “inc. T K (_E) <"tr> (y a.b) E, Eu =
—_ — *
coh. incoh. photo pair p p p S
[kev]
1409 LOBSL000 9815, A%, 4
1ol 1199000 380, 4%, 4
2 147400, 44, 40,5
4 37410, 358 . 0 3545 12,0
G 4,658 20090. 193.4 L9204 28.9
& 505000 12030, 11644 14.0 26,5
Be97 7.616 BBOG. F7.81 36,10 21.4
8,97 i 7. 617 30300, 289 18%5.9 21,4
10 8,214 70 2193 20,1
15 10,37 785, T4 TG 15,8
20 Ll.68 X497 3E86 13,2
30 LZ.009 1091, 10.80 10.1
40 13,49 4683 778 4,090 @,32
50 13.91 20147 7ol 4
60 . 13,93 J &332
80 6886 13,72 i o2
4,647 JE9RE LR924 4,63
e <1044 L1040 3,95
1« 50 L0594 LOHYR 3.73
10,01 L0371 O 3,43
?.104 L0318 . 3,04
B335 » 48

*Av, Stopping Power in [MeV cm? g'l] for the spectrum of electrons produced in the medium by photons of energy hv
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[

735

10
15
20
30
40
50
60
80
100

OGP0

L0262 G

L0148

Q011
L0006
L0003
L0001
L0001
Q001

13,7
13270
11.68

(P3G
(&3

L0009

2093 7

Q0G0
L0044
L0035 10.92
LQ028 11.42

19,06

L0021 123
LO0LE 13,95

44,7 70

19.84 19.84
14.91  14.88
10,00 9,974
J G417

el

LRy

- QS
L0408
LQ374

7

QU077
LQA6F

288
Q289
SOX10

2

LOH92

L0612 LON9E
L0648 L0634
0678 L0867

@G58
14,2
186 -
109
205
29.9
9010 38,9
H56.3 0 G460

1.79
2440
3448
4,39

b 29

40.0

TABLE A-4h  RADIOLOGICAL PROPERTIES OF TIN
Z=50 p =7298 kg/md 2.537 x 1026 elect./kg A=118.69
5.074 x 10%* atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
ener; transferred —
& (10‘24 cm? 1028 m? [em®/g] (To get or absorbed power §
atom/ °F atorm, . MeV cm?
[m?/kg] divide by 10) L R
hy Yoh Yinc T K (_[.l_ (“_tr) (ﬂ@) E; Egp =
coh. 2 P P S
[keV] .
4 LIS 1797,
3,92 1G71 . 17,5
4 1082, Q74,1
A, 05 1037, 796 .8
444 PR2.9 Q41,2
4,46 GoI.8 1071,
4.5 GRE.0
& 104400,
i} 492E0 .

*Av. Stopping Power in [MeV em? g'l] for the spectrum of electrons produced in the medium by photons of energy hv
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TABLE A-4i RADIOLOGICAL PROPERTIES OF LEAD /OQ)\ é

<10-24 cm2> o <10-28 m2 )
atom, atom,

T K

photo pair

[m?/kg] divide by 10)

Z=82 p =11860 kg/m3 2.388 x 1026 elect./kg A=207.20
2.907 x 1024 atom/kg
Photon Basic Coefficients in Interaction coef. in Av. energy Stopping
energy 9 transferred -
[em®/g] (To get or absorbed power §

in MeV cm?

300,
10700,
793400,
IZPE00 .
Q9000 .,
94399 .

43960, 115
21980, 10.3
f
1040, 9139
15,8 1039, 2
20 FAC NS
30 ‘
50
40
- ag
a8
100
150
200
300
400
500
662
8GO
[MeV]
1
3
4
5 L0423 305
6 L0429 L0324
g L0454 L OB67
.0488 L0412
g.ﬁg LOH49 L0491
1,48 | L0612
L0010 1.814 22T (L0700
L0004 L OTEY
L0004 L0807
L0007 , 0838 58,5
L0001 L0891 8.4
L0001 LO9E7 98, 4

*Av. Stopping Power in [MeV em? g'l] for the spectrum of electrons produced in the medium by photons of energy hv



