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APPENDIX A • Tables

TABLE A.1 Conversion Factors

Length

m cm km in. ft mi

1 meter 1 102 10�3 39.37 3.281 6.214 � 10�4

1 centimeter 10�2 1 10�5 0.393 7 3.281 � 10�2 6.214 � 10�6

1 kilometer 103 105 1 3.937 � 104 3.281 � 103 0.621 4
1 inch 2.540 � 10�2 2.540 2.540 � 10�5 1 8.333 � 10�2 1.578 � 10�5

1 foot 0.304 8 30.48 3.048 � 10�4 12 1 1.894 � 10�4

1 mile 1 609 1.609 � 105 1.609 6.336 � 104 5 280 1

Mass

kg g slug u

1 kilogram 1 103 6.852 � 10�2 6.024 � 1026

1 gram 10�3 1 6.852 � 10�5 6.024 � 1023

1 slug 14.59 1.459 � 104 1 8.789 � 1027

1 atomic mass unit 1.660 � 10�27 1.660 � 10�24 1.137 � 10�28 1

Note: 1 metric ton � 1 000 kg.

Time

s min h day yr

1 second 1 1.667 � 10�2 2.778 � 10�4 1.157 � 10�5 3.169 � 10�8

1 minute 60 1 1.667 � 10�2 6.994 � 10�4 1.901 � 10�6

1 hour 3 600 60 1 4.167 � 10�2 1.141 � 10�4

1 day 8.640 � 104 1 440 24 1 2.738 � 10�5

1 year 3.156 � 107 5.259 � 105 8.766 � 103 365.2 1

Speed

m/s cm/s ft/s mi/h

1 meter per second 1 102 3.281 2.237
1 centimeter per second 10�2 1 3.281 � 10�2 2.237 � 10�2

1 foot per second 0.304 8 30.48 1 0.681 8
1 mile per hour 0.447 0 44.70 1.467 1

Note: 1 mi/min � 60 mi/h � 88 ft/s.
continued
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A.2 A P P E N D I X A

TABLE A.1 Continued

Force

N lb

1 newton 1 0.224 8
1 pound 4.448 1

Work, Energy, Heat

J ft lb eV

1 joule 1 0.737 6 6.242 � 1018

1 ft lb 1.356 1 8.464 � 1018

1 eV 1.602 � 10�19 1.182 � 10�19 1
1 cal 4.186 3.087 2.613 � 1019

1 Btu 1.055 � 103 7.779 � 102 6.585 � 1021

1 kWh 3.600 � 106 2.655 � 106 2.247 � 1025

cal Btu kWh

1 joule 0.238 9 9.481 � 10�4 2.778 � 10�7

1 ft lb 0.323 9 1.285 � 10�3 3.766 � 10�7

1 eV 3.827 � 10�20 1.519 � 10�22 4.450 � 10�26

1 cal 1 3.968 � 10�3 1.163 � 10�6

1 Btu 2.520 � 102 1 2.930 � 10�4

1 kWh 8.601 � 105 3.413 � 102 1

Pressure

Pa atm

1 pascal 1 9.869 � 10�6

1 atmosphere 1.013 � 105 1
1 centimeter mercurya 1.333 � 103 1.316 � 10�2

1 pound per inch2 6.895 � 103 6.805 � 10�2

1 pound per foot2 47.88 4.725 � 10�4

cm Hg lb/in.2 lb/ft2

1 newton per meter2 7.501 � 10�4 1.450 � 10�4 2.089 � 10�2

1 atmosphere 76 14.70 2.116 � 103

1 centimeter mercurya 1 0.194 3 27.85
1 pound per inch2 5.171 1 144
1 pound per foot2 3.591 � 10�2 6.944 � 10�3 1

a At 0°C and at a location where the acceleration due to gravity has its “standard” value, 
9.806 65 m/s2.

�

�

�
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Appendix A A.3

TABLE A.2 Symbols, Dimensions, and Units of Physical Quantities

Common Unit in Terms of
Quantity Symbol Unita Dimensionsb Base SI Units

Acceleration a m/s2 L/T 2 m/s2

Amount of substance n mole mol
Angle �, � radian (rad) 1
Angular acceleration � rad/s2 T�2 s�2

Angular frequency � rad/s T�1 s�1

Angular momentum L kg m2/s ML2/T kg m2/s
Angular velocity � rad/s T�1 s�1

Area A m2 L2 m2

Atomic number Z
Capacitance C farad (F) Q2T2/ML2 A2 s4/kg m2

Charge q, Q , e coulomb (C) Q A s
Charge density

Line � C/m Q /L A s/m
Surface 	 C/m2 Q /L2 A s/m2

Volume 
 C/m3 Q /L3 A s/m3

Conductivity 	 1/� m Q2T/ML3 A2 s3/kg m3

Current I AMPERE Q /T A
Current density J A/m2 Q /T 2 A/m2

Density 
 kg/m3 M/L3 kg/m3

Dielectric constant �
Displacement r, s METER L m

Distance d, h
Length , L

Electric dipole moment p C m QL A s m
Electric field E V/m ML/QT 2 kg m/A s3

Electric flux 
E V m ML3/QT 2 kg m3/A s3

Electromotive force � volt (V) ML2/QT 2 kg m2/A s3

Energy E, U, K joule (J) ML2/T 2 kg m2/s2

Entropy S J/K ML2/T 2 K kg m2/s2 K
Force F newton (N) ML/T2 kg m/s2

Frequency f hertz (Hz) T�1 s�1

Heat Q joule ( J) ML2/T2 kg m2/s2

Inductance L henry (H) ML2/Q2 kg m2/A2 s2

Magnetic dipole moment � N m/T QL2/T A m2

Magnetic field B tesla (T)( Wb/m2) M/QT kg/A s2

Magnetic flux 
B weber (Wb) ML2/QT kg m2/A s2

Mass m, M KILOGRAM M kg
Molar specific heat C J/mol K kg m2/s2 mol K
Moment of inertia I kg m2 ML2 kg m2

Momentum p kg m/s ML/T kg m/s
Period T s T s
Permeability of space �0 N/A2( H/m) ML/Q2T kg m/A2 s2

Permittivity of space �0 C2/N m2( F/m) Q2T2/ML3 A2 s4/kg m3

Potential V volt (V)( J/C) ML2/QT2 kg m2/A s3

Power watt (W)( J/s) ML2/T3 kg m2/s3
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A.4 A P P E N D I X A

TABLE A.2 Continued

Common Unit in Terms of
Quantity Symbol Unita Dimensionsb Base SI Units

Pressure P pascal (Pa) � (N/m2) M/LT 2 kg/m s2

Resistance R ohm (�)( V/A) ML2/Q2T kg m2/A2 s3

Specific heat c J/kg K L2/T2 K m2/s2 K
Speed v m/s L/T m/s
Temperature T KELVIN K K
Time t SECOND T s
Torque � N m ML2/T 2 kg m2/s2

Volume V m3 L3 m3

Wavelength � m L m
Work W joule ( J)( N m) ML2/T2 kg m2/s2

a The base SI units are given in uppercase letters.
b The symbols M, L, T, and Q denote mass, length, time, and charge, respectively.

���

��

���
���

�

TABLE A.3 Table of Atomic Massesa

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

0 (Neutron) n 1* 1.008 665 10.4 min
1 Hydrogen H 1.007 9 1 1.007 825 99.985

Deuterium D 2 2.014 102 0.015
Tritium T 3* 3.016 049 12.33 yr

2 Helium He 4.002 60 3 3.016 029 0.000 14
4 4.002 602 99.999 86
6* 6.018 886 0.81 s

3 Lithium Li 6.941 6 6.015 121 7.5
7 7.016 003 92.5
8* 8.022 486 0.84 s

4 Beryllium Be 9.012 2 7* 7.016 928 53.3 days
9 9.012 174 100

10* 10.013 534 1.5 � 106 yr
5 Boron B 10.81 10 10.012 936 19.9

11 11.009 305 80.1
12* 12.014 352 0.020 2 s

6 Carbon C 12.011 10* 10.016 854 19.3 s
11* 11.011 433 20.4 min
12 12.000 000 98.90
13 13.003 355 1.10
14* 14.003 242 5 730 yr
15* 15.010 599 2.45 s

7 Nitrogen N 14.006 7 12* 12.018 613 0.011 0 s
13* 13.005 738 9.96 min
14 14.003 074 99.63
15 15.000 108 0.37
16* 16.006 100 7.13 s
17* 17.008 450 4.17 s
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Appendix A A.5

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

8 Oxygen O 15.999 4 14* 14.008 595 70.6 s
15* 15.003 065 122 s
16 15.994 915 99.761
17 16.999 132 0.039
18 17.999 160 0.20
19* 19.003 577 26.9 s

9 Fluorine F 18.998 40 17* 17.002 094 64.5 s
18* 18.000 937 109.8 min
19 18.998 404 100
20* 19.999 982 11.0 s
21* 20.999.950 4.2 s

10 Neon Ne 20.180 18* 18.005 710 1.67 s
19* 19.001 880 17.2 s
20 19.992 435 90.48
21 20.993 841 0.27
22 21.991 383 9.25
23* 22.994 465 37.2 s

11 Sodium Na 22.989 87 21* 20.997 650 22.5 s
22* 21.994 434 2.61 yr
23 22.989 770 100
24* 23.990 961 14.96 h

12 Magnesium Mg 24.305 23* 22.994 124 11.3 s
24 23.985 042 78.99
25 24.985 838 10.00
26 25.982 594 11.01
27* 26.984 341 9.46 min

13 Aluminum Al 26.981 54 26* 25.986 892 7.4 � 105 yr
27 26.981 538 100
28* 27.981 910 2.24 min

14 Silicon Si 28.086 28 27.976 927 92.23
29 28.976 495 4.67
30 29.973 770 3.10
31* 30.975 362 2.62 h
32* 31.974 148 172 yr

15 Phosphorus P 30.973 76 30* 29.978 307 2.50 min
31 30.973 762 100
32* 31.973 908 14.26 days
33* 32.971 725 25.3 days

16 Sulfur S 32.066 32 31.972 071 95.02
33 32.971 459 0.75
34 33.967 867 4.21
35* 34.969 033 87.5 days
36 35.967 081 0.02

17 Chlorine Cl 35.453 35 34.968 853 75.77
36* 35.968 307 3.0 � 105 yr
37 36.965 903 24.23

continued
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A.6 A P P E N D I X A

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

18 Argon Ar 39.948 36 35.967 547 0.337
37* 36.966 776 35.04 days
38 37.962 732 0.063
39* 38.964 314 269 yr
40 39.962 384 99.600
42* 41.963 049 33 yr

19 Potassium K 39.098 3 39 38.963 708 93.258 1
40* 39.964 000 0.011 7 1.28 � 109 yr
41 40.961 827 6.730 2

20 Calcium Ca 40.08 40 39.962 591 96.941
41* 40.962 279 1.0 � 105 yr
42 41.958 618 0.647
43 42.958 767 0.135
44 43.955 481 2.086
46 45.953 687 0.004
48 47.952 534 0.187

21 Scandium Sc 44.955 9 41* 40.969 250 0.596 s
45 44.955 911 100

22 Titanium Ti 47.88 44* 43.959 691 49 yr
46 45.952 630 8.0
47 46.951 765 7.3
48 47.947 947 73.8
49 48.947 871 5.5
50 49.944 792 5.4

23 Vanadium V 50.941 5 48* 47.952 255 15.97 days
50* 49.947 161 0.25 1.5 � 1017 yr
51 50.943 962 99.75

24 Chromium Cr 51.996 48* 47.954 033 21.6 h
50 49.946 047 4.345
52 51.940 511 83.79
53 52.940 652 9.50
54 53.938 883 2.365

25 Manganese Mn 54.938 05 54* 53.940 361 312.1 days
55 54.938 048 100

26 Iron Fe 55.847 54 53.939 613 5.9
55* 54.938 297 2.7 yr
56 55.934 940 91.72
57 56.935 396 2.1
58 57.933 278 0.28
60* 59.934 078 1.5 � 106 yr

27 Cobalt Co 58.933 20 59 58.933 198 100
60* 59.933 820 5.27 yr

28 Nickel Ni 58.693 58 57.935 346 68.077
59* 58.934 350 7.5 � 104 yr
60 59.930 789 26.223
61 60.931 058 1.140
62 61.928 346 3.634
63* 62.929 670 100 yr
64 63.927 967 0.926
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Appendix A A.7

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

29 Copper Cu 63.54 63 62.929 599 69.17
65 64.927 791 30.83

30 Zinc Zn 65.39 64 63.929 144 48.6
66 65.926 035 27.9
67 66.927 129 4.1
68 67.924 845 18.8
70 69.925 323 0.6

31 Gallium Ga 69.723 69 68.925 580 60.108
71 70.924 703 39.892

32 Germanium Ge 72.61 70 69.924 250 21.23
72 71.922 079 27.66
73 72.923 462 7.73
74 73.921 177 35.94
76 75.921 402 7.44

33 Arsenic As 74.921 6 75 74.921 594 100
34 Selenium Se 78.96 74 73.922 474 0.89

76 75.919 212 9.36
77 76.919 913 7.63
78 77.917 307 23.78
79* 78.918 497 � 6.5 � 104 yr
80 79.916 519 49.61
82* 81.916 697 8.73 1.4 � 1020 yr

35 Bromine Br 79.904 79 78.918 336 50.69
81 80.916 287 49.31

36 Krypton Kr 83.80 78 77.920 400 0.35
80 79.916 377 2.25
81* 80.916 589 2.1 � 105 yr
82 81.913 481 11.6
83 82.914 136 11.5
84 83.911 508 57.0
85* 84.912 531 10.76 yr
86 85.910 615 17.3

37 Rubidium Rb 85.468 85 84.911 793 72.17
87* 86.909 186 27.83 4.75 � 1010 yr

38 Strontium Sr 87.62 84 83.913 428 0.56
86 85.909 266 9.86
87 86.908 883 7.00
88 87.905 618 82.58
90* 89.907 737 29.1 yr

39 Yttrium Y 88.905 8 89 88.905 847 100
40 Zirconium Zr 91.224 90 89.904 702 51.45

91 90.905 643 11.22
92 91.905 038 17.15
93* 92.906 473 1.5 � 106 yr
94 93.906 314 17.38
96 95.908 274 2.80

continued
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A.8 A P P E N D I X A

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

41 Niobium Nb 92.906 4 91* 90.906 988 6.8 � 102 yr
92* 91.907 191 3.5 � 107 yr
93 92.906 376 100
94* 93.907 280 2 � 104 yr

42 Molybdenum Mo 95.94 92 91.906 807 14.84
93* 92.906 811 3.5 � 103 yr
94 93.905 085 9.25
95 94.905 841 15.92
96 95.904 678 16.68
97 96.906 020 9.55
98 97.905 407 24.13

100 99.907 476 9.63
43 Technetium Tc 97* 96.906 363 2.6 � 106 yr

98* 97.907 215 4.2 � 106 yr
99* 98.906 254 2.1 � 105 yr

44 Ruthenium Ru 101.07 96 95.907 597 5.54
98 97.905 287 1.86
99 98.905 939 12.7

100 99.904 219 12.6
101 100.905 558 17.1
102 101.904 348 31.6
104 103.905 428 18.6

45 Rhodium Rh 102.905 5 103 102.905 502 100
46 Palladium Pd 106.42 102 101.905 616 1.02

104 103.904 033 11.14
105 104.905 082 22.33
106 105.903 481 27.33
107* 106.905 126 6.5 � 106 yr
108 107.903 893 26.46
110 109.905 158 11.72

47 Silver Ag 107.868 107 106.905 091 51.84
109 108.904 754 48.16

48 Cadmium Cd 112.41 106 105.906 457 1.25
108 107.904 183 0.89
109* 108.904 984 462 days
110 109.903 004 12.49
111 110.904 182 12.80
112 111.902 760 24.13
113* 112.904 401 12.22 9.3 � 1015 yr
114 113.903 359 28.73
116 115.904 755 7.49

49 Indium In 114.82 113 112.904 060 4.3
115* 114.903 876 95.7 4.4 � 1014 yr

50 Tin Sn 118.71 112 111.904 822 0.97
114 113.902 780 0.65
115 114.903 345 0.36
116 115.901 743 14.53
117 116.902 953 7.68

Ücretsiz PDF Kitap Arsivi - https://rantey.org



Appendix A A.9

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

(50) (Tin) 118 117.901 605 24.22
119 118.903 308 8.58
120 119.902 197 32.59
121* 120.904 237 55 yr
122 121.903 439 4.63
124 123.905 274 5.79

51 Antimony Sb 121.76 121 120.903 820 57.36
123 122.904 215 42.64
125* 124.905 251 2.7 yr

52 Tellurium Te 127.60 120 119.904 040 0.095
122 121.903 052 2.59
123* 122.904 271 0.905 1.3 � 1013 yr
124 123.902 817 4.79
125 124.904 429 7.12
126 125.903 309 18.93
128* 127.904 463 31.70 � 8 � 1024 yr
130* 129.906 228 33.87 � 1.25 � 1021 yr

53 Iodine I 126.904 5 127 126.904 474 100
129* 128.904 984 1.6 � 107 yr

54 Xenon Xe 131.29 124 123.905 894 0.10
126 125.904 268 0.09
128 127.903 531 1.91
129 128.904 779 26.4
130 129.903 509 4.1
131 130.905 069 21.2
132 131.904 141 26.9
134 133.905 394 10.4
136* 135.907 215 8.9 � 2.36 � 1021 yr

55 Cesium Cs 132.905 4 133 132.905 436 100
134* 133.906 703 2.1 yr
135* 134.905 891 2 � 106 yr
137* 136.907 078 30 yr

56 Barium Ba 137.33 130 129.906 289 0.106
132 131.905 048 0.101
133* 132.905 990 10.5 yr
134 133.904 492 2.42
135 134.905 671 6.593
136 135.904 559 7.85
137 136.905 816 11.23
138 137.905 236 71.70

57 Lanthanum La 138.905 137* 136.906 462 6 � 104 yr
138* 137.907 105 0.090 2 1.05 � 1011 yr
139 138.906 346 99.909 8

58 Cerium Ce 140.12 136 135.907 139 0.19
138 137.905 986 0.25
140 139.905 434 88.43
142* 141.909 241 11.13 � 5 � 1016 yr

59 Praseodymium Pr 140.907 6 141 140.907 647 100
continued
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A.10 A P P E N D I X A

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

60 Neodymium Nd 144.24 142 141.907 718 27.13
143 142.909 809 12.18
144* 143.910 082 23.80 2.3 � 1015 yr
145 144.912 568 8.30
146 145.913 113 17.19
148 147.916 888 5.76
150* 149.920 887 5.64 � 1 � 1018 yr

61 Promethium Pm 143* 142.910 928 265 days
145* 144.912 745 17.7 yr
146* 145.914 698 5.5 yr
147* 146.915 134 2.623 yr

62 Samarium Sm 150.36 144 143.911 996 3.1
146* 145.913 043 1.0 � 108 yr
147* 146.914 894 15.0 1.06 � 1011 yr
148* 147.914 819 11.3 7 � 1015 yr
149* 148.917 180 13.8 � 2 � 1015 yr
150 149.917 273 7.4
151* 150.919 928 90 yr
152 151.919 728 26.7
154 153.922 206 22.7

63 Europium Eu 151.96 151 150.919 846 47.8
152* 151.921 740 13.5 yr
153 152.921 226 52.2
154* 153.922 975 8.59 yr
155* 154.922 888 4.7 yr

64 Gadolinium Gd 157.25 148* 147.918 112 75 yr
150* 149.918 657 1.8 � 106 yr
152* 151.919 787 0.20 1.1 � 1014 yr
154 153.920 862 2.18
155 154.922 618 14.80
156 155.922 119 20.47
157 156.923 957 15.65
158 157.924 099 24.84
160 159.927 050 21.86

65 Terbium Tb 158.925 3 159 158.925 345 100
66 Dysprosium Dy 162.50 156 155.924 277 0.06

158 157.924 403 0.10
160 159.925 193 2.34
161 160.926 930 18.9
162 161.926 796 25.5
163 162.928 729 24.9
164 163.929 172 28.2

67 Holmium Ho 164.930 3 165 164.930 316 100
166* 165.932 282 1.2 � 103 yr

68 Erbium Er 167.26 162 161.928 775 0.14
164 163.929 198 1.61
166 165.930 292 33.6
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Appendix A A.11

TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

(68) (Erbium) 167 166.932 047 22.95
168 167.932 369 27.8
170 169.935 462 14.9

69 Thulium Tm 168.934 2 169 168.934 213 100
171* 170.936 428 1.92 yr

70 Ytterbium Yb 173.04 168 167.933 897 0.13
170 169.934 761 3.05
171 170.936 324 14.3
172 171.936 380 21.9
173 172.938 209 16.12
174 173.938 861 31.8
176 175.942 564 12.7

71 Lutecium Lu 174.967 173* 172.938 930 1.37 yr
175 174.940 772 97.41
176* 175.942 679 2.59 3.78 � 1010 yr

72 Hafnium Hf 178.49 174* 173.940 042 0.162 2.0 � 1015 yr
176 175.941 404 5.206
177 176.943 218 18.606
178 177.943 697 27.297
179 178.945 813 13.629
180 179.946 547 35.100

73 Tantalum Ta 180.947 9 180 179.947 542 0.012
181 180.947 993 99.988

74 Tungsten W 183.85 180 179.946 702 0.12
(Wolfram) 182 181.948 202 26.3

183 182.950 221 14.28
184 183.950 929 30.7
186 185.954 358 28.6

75 Rhenium Re 186.207 185 184.952 951 37.40
187* 186.955 746 62.60 4.4 � 1010 yr

76 Osmium Os 190.2 184 183.952 486 0.02
186* 185.953 834 1.58 2.0 � 1015 yr
187 186.955 744 1.6
188 187.955 832 13.3
189 188.958 139 16.1
190 189.958 439 26.4
192 191.961 468 41.0
194* 193.965 172 6.0 yr

77 Iridium Ir 192.2 191 190.960 585 37.3
193 192.962 916 62.7

78 Platinum Pt 195.08 190* 189.959 926 0.01 6.5 � 1011 yr
192 191.961 027 0.79
194 193.962 655 32.9
195 194.964 765 33.8
196 195.964 926 25.3
198 197.967 867 7.2

79 Gold Au 196.966 5 197 196.966 543 100
continued
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TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

80 Mercury Hg 200.59 196 195.965 806 0.15
198 197.966 743 9.97
199 198.968 253 16.87
200 199.968 299 23.10
201 200.970 276 13.10
202 201.970 617 29.86
204 203.973 466 6.87

81 Thallium Tl 204.383 203 202.972 320 29.524
204* 203.973 839 3.78 yr
205 204.974 400 70.476

(Ra E�) 206* 205.976 084 4.2 min
(Ac C�) 207* 206.977 403 4.77 min
(Th C�) 208* 207.981 992 3.053 min
(Ra C �) 210* 209.990 057 1.30 min

82 Lead Pb 207.2 202* 201.972 134 5 � 104 yr
204* 203.973 020 1.4 � 1.4 � 1017 yr
205* 204.974 457 1.5 � 107 yr
206 205.974 440 24.1
207 206.975 871 22.1
208 207.976 627 52.4

(Ra D) 210* 209.984 163 22.3 yr
(Ac B) 211* 210.988 734 36.1 min
(Th B) 212* 211.991 872 10.64 h
(Ra B) 214* 213.999 798 26.8 min

83 Bismuth Bi 208.980 3 207* 206.978 444 32.2 yr
208* 207.979 717 3.7 � 105 yr
209 208.980 374 100

(Ra E) 210* 209.984 096 5.01 days
(Th C) 211* 210.987 254 2.14 min

212* 211.991 259 60.6 min
(Ra C) 214* 213.998 692 19.9 min

215* 215.001 836 7.4 min
84 Polonium Po 209* 208.982 405 102 yr

(Ra F) 210* 209.982 848 138.38 days
(Ac C�) 211* 210.986 627 0.52 s
(Th C�) 212* 211.988 842 0.30 �s
(Ra C �) 214* 213.995 177 164 �s
(Ac A) 215* 214.999 418 0.001 8 s
(Th A) 216* 216.001 889 0.145 s
(Ra A) 218* 218.008 965 3.10 min

85 Astatine At 215* 214.998 638 � 100 �s
218* 218.008 685 1.6 s
219* 219.011 294 0.9 min

86 Radon Rn
(An) 219* 219.009 477 3.96 s
(Tn) 220* 220.011 369 55.6 s
(Rn) 222* 222.017 571 3.823 days

87 Francium Fr
(Ac K) 223* 223.019 733 22 min
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TABLE A.3 Continued

Mass
Number Half-Life

Atomic Chemical (* Indicates (If
Number Atomic Radioactive) Atomic Percent Radioactive)

Z Element Symbol Mass (u) A Mass (u) Abundance T1/2

88 Radium Ra
(Ac X) 223* 223.018 499 11.43 days
(Th X) 224* 224.020 187 3.66 days
(Ra) 226* 226.025 402 1 600 yr
(Ms Th1) 228* 228.031 064 5.75 yr

89 Actinium Ac 227* 227.027 749 21.77 yr
(Ms Th2) 228* 228.031 015 6.15 h

90 Thorium Th 232.038 1
(Rd Ac) 227* 227.027 701 18.72 days
(Rd Th) 228* 228.028 716 1.913 yr

229* 229.031 757 7 300 yr
(Io) 230* 230.033 127 75.000 yr
(UY) 231* 231.036 299 25.52 h
(Th) 232* 232.038 051 100 1.40 � 1010 yr
(UX1) 234* 234.043 593 24.1 days

91 Protactinium Pa 231* 231.035 880 32.760 yr
(Uz) 234* 234.043 300 6.7 h

92 Uranium U 238.028 9 232* 232.037 131 69 yr
233* 233.039 630 1.59 � 105 yr
234* 234.040 946 0.005 5 2.45 � 105 yr

(Ac U) 235* 235.043 924 0.720 7.04 � 108 yr
236* 236.045 562 2.34 � 107 yr

(UI) 238* 238.050 784 99.274 5 4.47 � 109 yr
93 Neptunium Np 235* 235.044 057 396 days

236* 236.046 560 1.15 � 105 yr
237* 237.048 168 2.14 � 106 yr

94 Plutonium Pu 236* 236.046 033 2.87 yr
238* 238.049 555 87.7 yr
239* 239.052 157 2.412 � 104 yr
240* 240.053 808 6 560 yr
241* 241.056 846 14.4 yr
242* 242.058 737 3.73 � 106 yr
244* 244.064 200 8.1 � 107 yr

a The masses in the sixth column are atomic masses, which include the mass of Z electrons. Data are from the National Nuclear Data Center,
Brookhaven National Laboratory, prepared by Jagdish K. Tuli, July 1990. The data are based on experimental results reported in Nuclear Data
Sheets and Nuclear Physics and also from Chart of the Nuclides, 14th ed. Atomic masses are based on those by A. H. Wapstra, G. Audi, and R. Hoek-
stra. Isotopic abundances are based on those by N. E. Holden.
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