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sin 20 = 2sin 6 cos 6
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Lo gl qual quad JBI Lol A cuall ) Sl
claoal gl alall) alajal ol alail)
o 0.000 0.000 1.000 0.000
0 0.017 0.017 1.000 0.017 46° 0.803 0.719 0.695 1.036
> 0.035 0.035 0.999 0.035 47° 0.820 0.731 0.682 1072
3 0.052 0.052 0.999 0.052 48° 0.838 0.743 0.669 1111
4 0.070 0.070 0.998 0.070 49° 0.855 0.755 0.656 1150
5 0.087 0.087 0.996 0.087 50° 0.873 0.766 0.643 1192
6 0.105 0.105 0.995 0.105 57° 0.890 0777 0.629 1235
7° 0.122 0122 0.993 0.123 52° 0.908 0.788 0616 1280
g 0.140 0.139 0.990 0.141 53° 0.925 0.799 0.602 1327
9 0.157 0.156 0.988 0.158 54° 0.942 0.809 0.588 1376
10° 0175 0.174 0.985 0.176 55° 0.960 0.819 0.574 1428
11° 0.192 0.191 0.982 0.194 56° 0.977 0.829 0.559 1483
12° 0.209 0.208 0.978 0213 57° 0.995 0.839 0.545 1540
13° 0.227 0.225 0.974 0.231 58° 1.012 0.848 0.530 1.600
14° 0.244 0.242 0.970 0.249 50° 1.030 0.857 0.515 1.664
15° 0.262 0.259 0.966 0.268 60° 1.047 0.866 0.500 1732
16° 0.279 0.276 0.961 0.287 61° 1.065 0.875 0.485 1.804
17° 0.207 0.292 0.956 0.306 62° 1.082 0.883 0.469 1.881
18° 0314 0.309 0.951 0.325 63° 1.100 0.891 0.454 1.963
19° 0.332 0.326 0.946 0.344 64° 1117 0.899 0.438 2,050
20° 0.349 0.342 0.940 0.364 65° 1134 0.906 0.423 2.145
21° 0.367 0.358 0.934 0.384 66° 1152 0.914 0.407 2.246
22° 0.384 0.375 0.927 0.404 67° 1169 0.921 0.391 2.356
23° 0.401 0.391 0.921 0.424 68° 1.187 0.927 0375 2475
24° 0.419 0.407 0.914 0.445 69° 1204 0.934 0.358 2,605
25° 0.436 0.423 0.906 0.466 70° 1222 0.940 0.342 2747
26° 0.454 0.438 0.899 0.488 71° 1239 0.946 0326 2,904
27° 0.471 0.454 0.891 0.510 72° 1257 0.951 0.309 3.078
28° 0.489 0.469 0.883 0.532 73° 1274 0.956 0.292 3271
20° 0.506 0.485 0.875 0.554 74° 1292 0.961 0276 3.487
30° 0.524 0.500 0.866 0577 75° 1309 0.966 0.259 3732
37° 0.541 0.515 0.857 0.601 76° 1326 0.970 0.242 4011
32° 0.559 0.530 0.848 0.625 77° 1344 0.974 0.225 4331
33° 0.576 0.545 0.839 0.649 78° 1361 0.978 0.208 4705
34° 0.593 0.559 0.829 0.675 79° 1379 0.982 0.191 5.145
35° 0.611 0.574 0.819 0.700 80° 1396 0.985 0.174 5.671
36° 0.628 0.588 0.809 0.727 81° 1414 0.988 0.156 6.314
37° 0.646 0.602 0.799 0.754 82° 1431 0.990 0.139 7.115
38° 0.663 0616 0.788 0.781 83° 1449 0.993 0.122 8.144
39° 0.681 0.629 0.777 0.810 84° 1.466 0.995 0.105 9.514
40° 0.698 0.643 0.766 0.839 85° 1484 0.996 0087 1143
41° 0.716 0.656 0.755 0.869 86° 1501 0.998 0070 14301
42° 0.733 0.669 0.743 0.900 87° 1518 0.999 0052  19.081
43° 0.750 0.682 0.731 0.933 88° 1536 0.999 0035 28636
ax° 0.768 0.695 0.719 0.966 89° 1553 1.000 0017  57.290
45° 0.785 0.707 0.707 1.000 90° 1571 1.000 0000 o
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N 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 000 041 079 114 146 176 204 230 255 279
2 301 322 342 362 380 398 415 431 447 462
3 477 491 505 519 531 544 556 568 580 591
4 602 613 623 633 643 653 663 672 681 690
5 699 708 716 724 732 740 748 756 763 771
6 778 785 792 799 806 813 820 826 833 839
7 845 851 857 863 869 875 881 886 892 898
8 903 908 914 919 924 929 935 940 944 949
9 954 959 964 968 973 978 982 987 991 996

i) 1 = log (10) pls . 10 = 101
log (380) = log (3.8) + log (10?)
= 0.580 + 2
= 2.580.

Sk
log (0.081) = log (8.1) + log (107?)

=0.908 — 2 = —1.092.
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10.24 min B 1.008665 1 n (Neutron) 0
99.9885 % 1.007825 1 H Hydrogen 1
0.0115% 2.014102 2 dor D Deuterium
12.33 yr B~ 3.016049 3 torT Tritium
0.000137% 3.016029 3 He Helium 2
99.999863 % 4.002603 4
7.59% 6.015122 6 Li Lithium 3
92.41% 7.016004 7
53.29 days EC,y 7.016929 7 Be Beryllium 4
100% 9.012182 9
19.9% 10.012937 10 B Boron 3
80.1% 11.009306 11
20.39 min B, EC 11.011434 11 © Carbon 6
98.93% 12.000000 12
1.07% 13.003355 13
5730 yr B~ 14.003242 14
9.965 min B+, EC 13.005739 13 N Nitrogen 7
99.632% 14.003074 14
0.368% 15.000109 15
122.24 s Bt EC 15.003065 15 (0) Oxygen 8
99.757% 15.994915 16
0.205% 17.999160 18
100% 18.998403 19 F Fluorine 9
90.48% 19.992440 20 Ne Neon 10
9.25% 21.991386 22
2.6019 yr B EC,y 21.994437 22 Na Sodium 11
100% 22.989770 23
14.951h B,y 23.990963 24
78.99% 23.985042 24 Mg Magnesium 12
100% 26.981538 27 Al Aluminum 13
92.2297% 27.976927 28 Si Silicon 14
157.3 min B,y 30.975363 31
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100% 30.973762 31 P Phosphorus 15
14.262 days B 31.973907 eY)
94.9% 31.972071 32 S Sulfur 16
87.38 days B 34.969032 35
75.78% 34.968853 35 Cl Chlorine 17
24.22% 36.965903 37
99.600% 39.962383 40 Ar Argon 18
93.258% 38.963707 39 K Potassium 19
0.0117% 39.963999 40
1277 x 10°yr B,EC,vy,B"
96.94% 39.962591 40 Ca Calcium 20
100% 44.955910 45 Sc Scandium Zl
73.72% 47.947947 48 Ti Titanium 22
99.750% 50.943964 51 v Vanadium 23
83.789% 51.940512 52 Cr Chromium 24
100% 54.940363 55 Mn Manganese 25
91.75% 55.934942 56 Fe Tron 26
100% 58.933200 59 Co Cobalt 27
52708 yr B,y 59.933822 60
68.077% 57.935348 58 Ni Nickel 28
26.223% 59.930791 60
69.17% 62.929601 63 Cu Copper 29
30.83% 64.927794 65
48.6% 63.929147 64 Zn Zinc 30
27.9% 65.926037 66
60.108% 68.925581 69 Ga Gallium 31
27.5% 71.922076 7 Ge Germanium 32
36.3% 73.921178 74
100% 74.921596 75 As Arsenic 33
49.6% 79.916522 80 Se Selenium 34
50.69% 78.918338 79 Br Bromine 35
57.00% 83.911507 84 Kr Krypton 36
72.17% 84.911789 85 Rb Rubidium 37
9.86% 85.909262 86 Sr Strontium 38
82.58% 87.905614 88
2879 yr B~ 89.907738 90
100% 88.905848 89 Y Yttrium 39
51.4% 89.904704 90 Zr Zirconium 40
100% 92.906378 93 Nb Niobium 41
24.1% 97.905408 98 Mo Molybdenum 42
42 x 10°yr B,y 97.907216 08 Te Technetium 43
31.55% 101.904350 102 Ru Ruthenium 44
100% 102.905504 103 Rh Rhodium 45
27.33% 105.903483 106 Pd Palladium 46
51.839% 106.905093 107 Ag Silver 47
48.161% 108.904756 109
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28.7% 113.903358 114 Cd Cadmium 48
4.41 X 10" yr 95.71%; 8~ 114.903878 115 In Indium 49
32.58% 119.902197 120 Sn Tin 50
57.21% 120.903818 121 Sb Antimony 51
>5.6 X 102 yr 34.1%; 8B~ 129.906223 130 Te Tellurium 52
100% 126.904468 127 I Todine 53
8.0207 days B .y 130.906124 131
26.89% 131.904155 132 Xe Xenon 54
>3.6 X 10¥yr 8.87%:B B~ 135.907220 136
100% 132.905447 133 Cs Cesium 55
11.232% 136.905821 137 Ba Barium 56
71.70% 137.905241 138
99.910% 138.906348 139 La Lanthanum 57
88.45% 139.905434 140 Ce Cerium 58
100% 140.907648 141 Pr Praseodymium 59
27.2% 141.907719 142 Nd Neodymium 60
17.7 yr EC,a 144.912744 145 Pm Promethium 61
26.75% 151.919728 152 Sm Samarium 62
52.19% 152.921226 153 Eu Europium 63
24.84% 157.924101 158 Gd Gadolinium 64
100% 158.925343 159 Tb Terbium 65
28.2% 163.929171 164 Dy Dysprosium 66
100% 164.930319 165 Ho Holmium 67
33.6% 165.930290 166 Er Erbium 68
100% 168.934211 169 Tm Thulium 69
31.8% 173.938858 174 Yb Ytterbium 70
97.41% 174.940768 175 Lu Lutetium 71
35.08% 179.946549 180 Hf Hafnium 72
99.988% 180.947996 181 Ta Tantalum 73
>4 X 108 yr 30.64%; o 183.950933 184 W Tungsten (wolfram) 74
435 X 100yr 62.60%; B~ 186.955751 187 Re Rhenium 75
15.4 days B .y 190.960928 191 Os Osmium 76
40.78% 191.961479 192
37.3% 190.960591 191 Ir Iridium 77
62.7% 192.962924 193
33.832% 194.964774 195 Pt Platinum 78
100% 196.966552 197 Au Gold 79
16.87% 198.968262 199 Hg Mercury 80
29.9% 201.970626 202
70.476% 204.974412 205 Tl Thallium 81
24.1% 205.974449 206 Pb Lead 82
22.1% 206.975881 207
52.4% 207.976636 208
223 yr By, 209.984173 210
36.1 min B .y 210.988731 211
10.64 h B,y 211.991887 212
26.8 min B .y 213.999798 214
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100% 208.980383 209 Bi Bismuth 83
2.14 min o, v,B" 210.987258 211
138.376 days a,v, EC 209.982416 210 Po Polonium 84
164.3 us o,y 213.995186 214
1.5s o, B 218.008681 218 At Astatine 85
3.8235 days o,y 222.017570 222 Rn Radon 86
22.00 min B .7 «a 223.019731 223 Fr Francium 87
1600 yr o,y 226.025403 226 Ra Radium 88
21.773 yr B v« 227.027747 227 Ac Actinium 89
1.9116 yr o,y 228.028731 228 Th Thorium 90
1.405 X 100yr 100%; a, v 232.038050 232
3276 X 10*yr o,y 231.035879 231 Pa Protactinium 91
68.9 yr a,y 232.037146 232 U Uranium 92
1.592 X 10° yr o,y 233.039628 233
7.038 X 108 yr 0.720%; e, 7y 235.043923 235
2.342 X 107 yr o,y 236.045562 236
4.468 x 10% yr 99.274%; e, y 238.050783 238
23.45 min B .y 239.054288 239
2.144 X 10°yr a,y 237.048167 237 Np Neptunium 93
2.3565 days B .y 239.052931 239
24,110 yr o,y 239.052157 239 Pu Plutonium 94
8.00 X 107 yr a 244.064198 244
7370 yr a,y 243.061373 243 Am Americium 95
1.56 X 107 yr o,y 247.070347 247 Cm Curium 96
1380 yr o,y 247.070299 247 Bk Berkelium 97
898 yr a,y 251.079580 251 Cf Californium 98
471.7 days a, EC,y 252.082970 252 Es Einsteinium 99
100.5 days o,y 257.095099 257 Fm Fermium 100
51.5 days a,y 258.098425 258 Md Mendelevium 101
58 min a, EC 259.10102 259 No Nobelium 102
3.6h a, EC, fission 262.1097 262 Lr Lawrencium 103
10 min fission 263.11831 263 Rf Rutherfordium 104
34s a, fission, EC 262.11415 262 Db Dubnium 105
21s a, fission 266.1219 266 Sg Seaborgium 106
0.44s o 264.1247 264 Bh Bohrium 107
9s (4 269.1341 269 Hs Hassium 108
0.07 s @ 268.1388 268 Mt Meitnerium 109
0.06 ms a 271.14608 271 Ds Darmstadtium 110
1.5 ms o 272.1535 272 Uuu 111
0.24 ms o 277 277 Uub 112
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101 N, 0.719 .55
.0.58 (i) .57
5.7 m/s (o)
A5 m/s ()
.0.36 .59
5.3 x 102N .61
(mysing — m,) (i) .63
(m1 + mz)

el Jawl M sin6> My (o)

4

soiadl Lol JIm sing < m,
1.3 x 102N .65
1.3 m .67
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~2.1m/s, 7.4 m/s (o)

Jeaze 4,3 m/s 0 ()
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4.7 % 10°N (2)
22x10°kg .11
A3 m .13
.1.60 x 10*m .15
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9.6 x 10° N/m? .43
(-2 x 102)%.45
deludl oylae 1.1 X 102 m-N (7).47
Sadt (o)

=l

wall
i;wall C |
g
393 N (1) .49
Lol (o)
4.4 x 105 m? (1) .51
2.7%x10%m (2)
1.2 x 102 m .53
12 m .55
2.94x 10" kg, 2.29 x 10 kg .57
MgVh/(2R — h) (i) .59
Mg\ h(2R — h)/(R — h) (u)

.() .61
Foce
~ 32.0cm >
1
—¥ ~—2.0cm ‘ma
T g
Rl

F_=3.7x10*N ()
F_=42x10*N
- .mg=49N

8.3 mN (=)

.29° .63

7.7 % 10°m .65

.0.29 mg (1) .67

.0.58 mg ()

390 60° 5% dlaasll sie Zadl ()

oyl blas aie 38¥)

_ (my — my)
‘- (my + my + I/rz)g < =, 41
P (mz - ml)

=0 (m1 + mz) '

1.40 x 10*J .43

.56 .45

1.42 x 10%J .47

.3.22 m/s .49

2.64 kg.m?/s .51

cad iheadl I jeuasdll slay (1) .53
1.6 (Q)

e Gk o 0.77 kg.m? .55
Lo 5550 g0 Lgael,s

14 kg.m?/s(7) .57

2.7 mN (&)

.0/2 .59

1.2 rad/s (7) .61

A.8x10°), 1.1 x 10° J (&)

5 x 102 rad/s, 2 x 10*KEi .63

(2.7 x 10°1%)%.65

.-0.30 rad/s .67

.8.21 x 10°¢.69

S53m-N .71

0 /o =N,/N_(1).73

4.0 (@)

1.5 ()

25 min () 2.2 X 10° rad/s () .75

4.3 m(1).77

5.25(w)

Mg\2Rh — H2/(R — h).79

.ach) eilac oo 2.8 m-N .81

7.8 kg.m?/s (1) .83

3.9 mN (o)

2.9 rad/s ()

2.7R - 1.7r .85

9 Juadll

F oodeludlolaca3t, 11207430 N. 1
6.52kg .3

1.1x10°N.5

5.8 x 10°N,8.1 x 103N .7
cdedl e . 2.3 m (7)) .9
el e 2.5 m (o)
2.6x10°N, 3.1 x 103N .11
.0.32m .13

6.1 x10°N, 5.9 x 103N .15
34.6N .17

.9.05 % 10"'m .19

4.25 x 10> N (i) .21

4.25x 10> N, 3.28 x 102 N (o)




3.2 x102m (1) .69
1.5 m (@)

1.8 x 10* N/m (1) .71
0.71 s (w)

.220 Hz .73

.22 £(0) .75

0.71 f(2)

(1).77
G:784Hz,1180Hz;A:880Hz
1320 Hz;

1.26 ()

;112 (=)

.0.794 ()

.3.0m/s (1) .79

5.0 x 10° m/s? (&)
A=4L/2n-1),n=1, 2, 3, ... .81
gobusy Joley Jobol 4,a8¥0 5,24l .82
N F L k/mg

. HoX

.0.40 s .87

12 Jadl)

3.4 x10°m .1

A7 em - 17 m (7).3
3.4%x10°m (o)
S5m.5

8% (1) .7

4% (<)

.63 dB .9

114 dB .11

9 x10°W (1) .13
i 1 X 107 (&)
122 dB, 114 dB (i) .15
¥ (<)

1.3 .17

4 .19

.25dB .21

107 () .23

102 (o)

76.6 Hz, 230 Hz, 383 Hz, (i) .25
536 Hz

,153 Hz, 306 Hz, 459 Hz ()
.613 Hz

8.6 mm - 8.6 m .27
.0.18 m (7) .29

d.1m (o)

440 Hz, 0.78 m (—)
-2.6% .31

.0.583 m (1) .33

171 m (o)

.55 Hz (1) .35

2.0 x 10> m/s (o)
dcasles doss 248 (1) .37
.duasdles deis 249 (L)

()

x (m)
0.4 +

0 ./\' —1(s)
0 0! .0 1 .0
bl \/‘ V

.0.490s, 2.04 Hz (1) .23
0.231 m (2)

.37.9 m/s? (=)

=(0.231 m) sin (4.08 xit) (5)
3.317 (L)

114 N/m, 19.4 m .27

.0.99 m .29

1.8s (1) .31

Jeaidl 3ige o ()

0.7 mm gy Josid! Jobo yndy .33
~11° (1) .35

159 ()

159 (=)

.1.31 m .37

1.4 x 10°m/s(7) .39

4.1 x10°m/s (o)

5.1 x10°m/s (=)

.0.35s .41

2.1 x10°m 43

.0.99 m .45

4.6 % 10° W/m? (1) .47

2.3 %100 W (2)

.1.73 .49

(i) .51
= *X/%\ J /‘Z)\\\‘\ S~ -

LglS &S, aslhall (=)
441 Hz .53

9.7 x10%m .55
.290 Hz, 580 Hz, 870 Hz .57
1.3 kg (1) .59

.0.32 kg (v)

5.2 x 10?7 kg (=)
1.1 m/s .61

.25° .63

.44° .65

.10 min .67

(el 503d1) 0.13 = suadf o3t .51

9.9 x 10? Pa .53

.0.9 Pa/cm .55

coplaing ggd clisd, Re =2500 (1) .57

coyking ¢gd It Re = 5000 (&)

3.6 x 102 N/m .59

oSe aliS ;s 8.3 x 10°kg % .61
Lgle

.0.75 m (j) .63

.0.65m (o)

.0.24 m (=)

150 N -220 N .65

.0.047 atm .67

.0.6 atm .69

.0.142 m .71

1.3 x 102N .73

1.1m.75

.0.33 kg .77

1.1 W.79

4.6 m .81

9.1 m/s (j) .83

.0.26 L/s (o)

.0.91 m/s (=)

4.0 x 10* m3/s .85

4.2 x 103 Pa-s .87

11 Jaidll

.0.72 m .1

.1.5Hz .3

3.8Hz .5

.0.16 N/m (1) .7

2.8 Hz (v)

2.5m/s (1) .9

£1.6 m/s (o)

1.8T (=)

x=(0.13 m) cos (6.0mt) (5)

J—r%xo.ll

6.0 x102m (7) .13

.0.58 m/s (w)

4.2 x 10> N/m (i) .15

3.3 kg (w)

.£0.707 4 .17

.y =(0.18 m) cos(2nt/0.65 s) (7).19
.0.16 s (w)

1.7 m/s (=)

L @Uas¥) dlaas aie 17 m/s? (5)
.0.38 m (j) .21

.1.03 Hz (v)

.0.967 s ()

.0.92 17 (»)

S5.1x1027, 0.86] ()



6% o i, .97
3.0 kg .99

14 Jwaidll

1.0x1077) .1
1.0x1077J () .3
2.9 kWh (v)

pes J<I 50.29 ¥ (=)
220 kg/h .5

.100 kcal .7

2.0 x 10°J/kg.C °.9
401°C .11

(1.9 x 10%°C .13
4255 .15

2.3 x10% J/kg.C° .17
.0.32C° .19

5.0 x 1007 .21

1.3 kg .23

.9.90 x 10°%kg .25
4.7 x 10° kcal .27
1012 x 10% J/kg .29
1.7 g .31
.83 W .33
95 W (1) .35
33 W (v)

sleno 23 .37

(1.6 x 10%)°C .39
.10°C 41

o _ A(Ti - 1) (L) .43
! > lilk;
i=1

.$:9lLs 6.4 .45

A4 %107 .47

3.2 x 10% W (i) .49

A1 x 103 W/m? (o)

.0.80°C .51

46 W (1) .53

13 x10°W (o)

Jazo 5o 9% g¢ou kas 20 W .55
Loaday of com G3II 80,3

44 Ce (1) .57

cduobio,dl sguais oI ()

4.1 g/h .59

1.2 x 10" T () .61

Osun = 1.3 X 10* Ointerior (<)

Ay aie lsdly sUI po Jadls .63
s ALS golans oy 100°C 30,3
bl AS Saes

5.7 %1072 (0.57% &sL3) (<) .17
6.1 cm (7) .21

(,BHg - Bglass) AT (u)

3.5 % 10" N/m? .23

27°C (i) .25

4.3 x10°N (w)

.-459.67°F .27

.1.07 m3 .29

.1.43 kg/m® .31

.14.8 m? (i) .33

.1.83 x 10° Pa (&)

.2.40 x 10® Pa .35

.37°C .37

.3.43 atm .39

2.69 x 1025 molecules/m® 41

Jse 7% 1072 (1) .43

g 4 % 10% ()

ouii/ssy> 19 .45

.6 x 10°m/s .47

.899°C .49

.25.9°C .51

3.9 x 10> m/s .55

3.34x10°m .57

b ol s (1) .61

511atm = P = 73 atm, (w)

—-56.6°C =T = 31°C.

.14°C .63

.91°C .65

.1.1 x 10° Pa .67

3.1 kg .69

0.28's, vgiffuse = 5.4 X 1073 m/s, 1

Vrms = 3.1 X 10> m/s,

Udiffuse/ Vrms = 1.7 X 107",

.Jsi (1) .73

(1.7 x 102)% (<)

.0.21 .75

260 m/s, 4 x 102? atm .77

i ¥ 11 L .79

.1.29,1.65 .81

ss=> 1.1 x 10* .83

.delw 15 .85

.0.66 x 10° kg/m?, -3.5% .87

.1.6 x 103 c¢cm .89

220 x 10° L (7) .91

.92 min (w)

.30 min ()

5,5/5 6.8 .93

1.7 x10° Pa (i) .95

7.0 x 102 Pa (o)

Vo bulb

oL =
wr}

.£0.50 Hz .39

.28.5 kHz .41

.3.0 Hz .43

J,= 438 Hz 4 444 Hz .45
. fo.=437THz 4 445 Hz
Srou= V HZ i 7T Hz

.130.5 Hz, 133.5 Hz (1) .47

2.2% o Jay 2.3% 2 sy (@)

.1690 Hz (i) .49

.1410 Hz (&)

.2087 Hz 42091 Hz (i) .51

2870 Hz 4 3550 Hz (%)

3750 Hz 4 16,000 Hz (=)

4.32 x 10* Hz .53

.2 Hz .55

.0.171 m/s .57

110 m/s () .59

260 m/s (w)

120 (4) .61

0.48° (o)

.0.35.65

57 Hz,69 Hz,86 Hz,110 Hz, (i) .67

.170 Hz

.88 dB .69

A5 W .71

.50dB .73

2.8 x 10> m/s, 48 N (i) .75

.0.195 m (o)

.880 Hz, 1320 Hz (=)

7.4 x 10> N .77

.504 Hz .79

17 m/s .81

.2.84 m .83

.2.29 x 10° Hz .85

A1.5m .87

.34 Hz, 43 Hz, 61 Hz .89

.10°.91

.17 km/h .93

13 Juaill

5,5 3.3 x 10% .1

20°C (1) .3

.3300°F (o)

S°F (1) .5

=26°C (@)

4.3 x10°m .7

8%x10?m.9

981 kg/m? .11

5.12mL .13

.-140°C (i) .15

.180°C (w)




eobwst ol3f 1.32 x 10" m/s?* .27
JLI ol3¥ juSleo
29

0 +30

Goix> 6.54 x 101 N/C .31
4.70 x 106 N/C at 45° .33
Sl a1, _4kOxa 35
(x%-a2 )?
@240" () .37

kO 330° (L)
P14 39
7.49 x 10° m/s (1) .41
1.28 x 10* C .43
-1.1 x 105 N.m/C (i) .45
0 ()
1.15 x 10° C.47
;0 () .49
;0 (<)
3.27 x 103 N/C (=)
8.74 x 10> N/C (»)
Wl SIlia pud (o)
4.6 x 10"°N (1) .51
7.1 x 10°N (o)
6 x 105N (=)
1/(3.5 x 10%) .53
Il . 6.8 x 10° C .55
09, SI¥l disd 1.0 X 107 .57
2.1 x 10" m .59
0.115 m (j) .61
2.14 x 10%s ()
1.08 x 107
.63
[3.00-cos(12.5t)]?
5x10°C .65
g0, 7.8 X 107 C.67

-7.0x108C.0C .69

d
x=——"""=241d % .71

V2 -1
yiiaa p . -7.66 X 10°C .73

17 Jaill

AU N/C

4.2 x10%7J.

3.7x 10157, 2.3 x10%eV .
3.8 x10*V/m.

3.0x 10?2 m.

7x10°m.

O < D W —

.250°C .27

5.7.29

-21°C .31

76 L .33
-1.5x10°J/K .35
-1.22 x 10° J/K .37
.0.15 J/K .39

435 X 10*2J/TK 41

1.1J/K .43
.1/9 (i) .45
A/18 (o)
.5/16 (1) .47
1/64 (o)
1.32 x 10° kWh (1) .49
.7.09 x 10* kW (o)
belasy Jozy el o eei 51
LAJB 3elaSl oo el
4.0 x 10*J/s (1) .53
1.6 X 10° /s (@)
220 s (=)
.0.077 (i) .55
A45°C (1) .57
.0.58 J/K (o)
.0.24 .59
2(Pc+ Pa)Ve = Va) (1) .61
Pa(Ve = Va) (@)
Pe(Ve = Va) ()
53¢ (1) .63

773/kg K (o)
2007 .65
180 W .67

16 J<ill

13N .1

2.7x 103N .3
55x10°N .5

4.88 cm .7
-5.4x10"C .9
q,=q,= 0.50,() .11
4,=0, ¢,= 0, (%)
tduglell discddl (13

ol ddasd aisidl 837 N, 90°

dcla il dise i) 83.7 N 210° ;L
83.7N.330": yeeudl I

el 350 o, 2.96 X 107 N .15
F,=0.30 N ar 265°F,= 0.26 .17

N at 139°F = 0.26 N at 30°

30, o3L-0, 50 0.40 0,0.371.19
69.9 x 10C.22.1 x 10 C (i) .21
104.4 x 10°C ()

-14.4 x 10°C

oi 3.78 x 1076 N .23

L. 9.5 x 10SN/C .25

3.1 %107 (i) .65
3.3%10°s (2)

15 Juadll
07().1
3.40 x 10° J (o)
3
A
C
1.0 VL)
P (atm) 5
50T
4.0 T
3.0+ A
2.0+ ¢
1.0 —- B |
f f ———V (L)
0 1.0 2.0 3.0 4.0 5.0
07().7
18507 (&)
.rise (_».)
~4.0x10*°K .9
P (N/m?) (a, c).11
500 A
400
300 -
200
100 -

10

2.73 x 10°], 4.10 x 10° J (=)

410 x 10°J ()
257 () .13
637 (2)

957 (=)
-1207 (5)
157 (L)
162 W .15
.0.28 .17
.0.23 .19
1.6 x 10" J/h .21
440°C .23

9.0 x 10> MW(MJ/s) .25



2.9 x10%m .59

Ao ST delw y<1.1200 $ .61

1/4 .63

3.8 x 103 m .65

1500 W (i) .67

12 A (<)

2:1.69

26 Q (i) .71
265 ()
i 0.17 (=)

2.58 x 10*m, 38.8 m .73

sgiem 1.4 % 101275

1.8 x 10*m .77

1,=033 A 1,=33A().79
R,=360 Q.R,=3.6Q ()
0,=12x10°C (=)

0,= 1.2 x10*C

E=E,=14x10°] ()
B (=)

1.34 x 104 Q .81

2200°C .83

19 Jadl
8.41V (i).1
8.49 V(u)
0.048Q.0.11 Q.3
960 Q.60 Q.5
93V.7
2820Q (1) .9
300 Q (w)
Al e lgeas 720 Q 11
360 Q slsdl e Lgeia> 80 Q
o el le siledll Sle L)
Al e o) 160 Q (awy
(AL 2o s3leall e
14V (1) .13
28 Q.6.9 Q (v)
27 Q.15
840 Q (1) .17
Vo= 6.7V ()
80: V820 - 53 V
23 ‘Vl‘ V2 (‘i) .19
Jas VLV
Aoz ‘11‘12 (u)
Jas . 1, 1,
2oy (=)
I, =0.117A 1 =0 .43 (s)
I, =1,=0.059 A
I =0.132 A s,

1

L=1,=1,=0.044 A os

4

V6

9x 10" m ¥.67
23 T (i) .69
3.4 % 10°W (2)
1.03 x 10 m/s .71
2.5x 101 C .73
4.2 x 10" C (1) .75
4.2 x 10" C (o)
18V (=)
1.3 10707 (5)
2.7 x10°m/s (1) .77
2.2 x10° m/s (<)

18 Juaill

auls /pg,asd) 8.13 x 10" .1
55x 10" A3
950V .5
25 A (1) .7
7.5 x10* C (o)
2.8x10°V.9
20Q (1) .11
430 J (w)
3.3 x102°Q .13
=4.6 mm yowsill ,hé e .15
22 C° .17
1800 °C .19
3.8 x10*Q (i) .21
1.5x10° Q (%)
6.0 x 10° Q (=)
58.3°C .23
R = 2090 Q .25

carbon

Rirome= 2610 Q
0.96 W .27
190 Q.0.63 A (i) .29
33Q.3.7A (L)
850 W (1)
17Q (o)

12Q (=)
Lygis /iiww 0.14 kWh, 20 .33
6.7Q,1.4W (j).35
, 4 (o)
Lolenso 18 .37
7500 W .39
10 A (1) .41
1.2 Q (v)
0.39 A.0.55 A .43
390 V .45
4500 W (1) .47
13 A (o)
5.1 x 10" m/s .49
¥leis 2.6 A/m? .51
35 m/s .53
5.4 x10° W .55
6.2 A.57

1.6 x 107 m/s.(i) .11
3.4 % 107 m/s (o)
1.63 x 10" m/s .13

2.1x10°C.15
H;j 17

\I/ \//’ \\/\ \\,
V2KQ 49

2L

4.8 x 10°m/s .21
6.9 x 1018 .23
4.2 %x10°V .25
27V (1) .27
22 x10"%J) 14 eV (o)
22 x 1018 J -14 eV (=)
22x 101 14 eV (5)
3.6 x 102V (i) .29
2.5%x 107V (o)
-2.5x1027V (=)
2.9 x10°F .31
7.9 x 10* F.33
5.0 x 10" m? .35
2.63 x 10 C .37
4.5 x10*V/m .39
C,,» 712V, 1.78 x 107 C .41
Cogpr 712V, 4.84 x 107 C
1.5 x 101°F .43
4.82 x 10° F, 0.283 m? .45
9.6 x 10° F .47
7 x 102 F (i) .49
7 %101 C (o)
200 V/m (=)
3x 1017 (b)
Ll Bl dealell (—)
dilesi dsey,i (1) .51
ddpenn (o)
2.9 x10°V/m .53
6.3 KeV (i) .55
42.8: 1 (o)
1.0 x 107 J/m? .57
620 V .59
Adbad) disddl oo 11 cm (1) .61
oo ddbudl diseill pilall ol Sle
ool diseildl
Adbadl Lsddl oo 0.7 cm (o)
LoS anwds adbadl disddl wils e
Al 5o 5.2 CM Cdisgdl disdil
il ablall dgdl le ddbwll
dergll A Sl o adludl
6.5°.65



Jle ()

70u.72u.73 u. 74 u .61
2.5m .63

41T .65

A 3.0 T .67

%1 God 68°¥Le s 0.25 N .69
ot 1,12 x 10 m/s .71
Jauwds 1.6 A 73

LB, () 75
m

(LB gy (o)

ard (=)

48 MeV () .77

9.1° AL cgus¥l ygaday bgw .79

1 x10°A .81

2.1 x 103 T () .83

alSis gl senwll oo s (9)
HLrgSIl JLlg depuall

5.8 x 10" Hz (=)

aa’ 1.3 x 10* .85
53x10°m,3.3 x 10*m .87

21 Jail

-420V .1

sbasdl g5 .3

8.5x102V.5

8.8 x 10° Wb (1) .7

559 ()

5.1 x10° Wb (=)

debudl oylac o3 go (1) .9
Aeball olie o3 puge (o)
debawdl oylac o3 2o (=)
UELIVP R TS X O)

6.1 x 102V (i).11

Eeladl oylic o3 ga (o)

deluddl wylac ol 20 (1 .13

4.3 %107V (o)

1.7x 1027 A (=)

0.548 N .15

0.17V () .17

6.1 x 107 A (o)

6.4 x 10*N (=)

5.86 C.19

28 V .21

2.08 rev/s .23

99.0 A (i) .25

1.3 x 102 m? (o)

100 V .27

13 A.29

oaas 0.375.2.67 .31

50.4.8' V.33

w5, (1) .35
2.8 (<)

48 kV (rms) (1) .37

0.056 (w)

3.3 Q () .81
22V (2)
100 Q .83
7.6 Q (1) .85
0.33 A (2)
0.33 A (=)
0.95 W (5)
7.2Q .87

20 Jaill
7.6 N/m (i) .1
5.3 N/m (o)
1.95A .3
0.264 T .5
eidl st (1) .7
4.1 A (%)
6.4 x 102N (=)
1.3T.9

898 21395 X (-2)

il (9)
debudl oylac o3 ga 8yils 45> .13
2.77 x 10° m
o 1.6 T .15
2.7 x10%m (1) .17

3.8 x107 s (2)
6.20 x 107 m .23
45° (1) .25

3.5x10%m (&)
69 A .27
L 13 A .29
2.5A .31
up 1.1 x 10T .33
¥ e 4.1 x 105 T, 11°.35
(2.0 x 10° T/A) (I -15A) (i) .37
(2.0 x 10° T/A)({ + 15 A)(<)
4.5 x 102 N :coal aay 39
2.2 %X 102 N el clladl Lils
2.2 x 102N 603
eedtadl dllwll g5 2.6 X 10°N .41
4.1 x10°5T .43
M: 5.8 x 10* N/m, 90° .45
N: 3.4 x 10*N/m, 300°
P: 3.4 x 10 N/m, 240°

1,1 1 .

/‘27 (T S )‘y ola¥ .47
94.3 A .49
cliguwg yad 51
61.6 uA .55
0.88 .57
4.01 x 10° m.N (i) .59

Vign =152 Vigae 2 Vi (1 .21
0 po wyidy
Lig tm Lgge J2 L (<)
0 g0 wyidy
2oy (=)
14.1V (5)
14.3 A (=)
0.41 A .23
-25.7V (i) .25
V=174 V.V, =433 V()
I,=0.40 A Luy 1= 0.68 A .27
FIe
o, =0.13 A .29
s [, =031 A
oAl L, =0.18 A
2Q:0.26 A,6Q:0.028 A .31
8Q:0.29A,10Q:0.26 A
12 Q2: 0.29 A
1.30 A .33
28.2 uF (1) .35
0.78 uF (o)
3.71 uF 37
23,7300 pF .39
C o+ g
' C +C
0, =48.0uC, 03=24.0 1 C; 43
V,=3.00V, V, =150V,
V,=150V; V=3.00V.
V=54V, V. =3.6V;().45
Qa0 = Qogo =2:2% 10 C; ()
Voso = Voo =90V, (=)
Q4 = 3.6 x10°C,
O, = 5-4 % 104 C.
500 pF s3leadt e .47
1.0 x 10° Q .49
9.3 x10?%s .51
7.5x102Q .53
silesdl e 5.0 X 107 Q (1) .55
Alsdl e 5.0 X 10° A (o)
100 Q/V . Alsalt ;e 1000 Q .57
©5.52x 107 A .59
10V .61
10.4 V. 2.6 Q.63
290 Q. 140 Q (L) .65
7 x10% A .67
1.1 x10° Q.69
.R_=R,R/R ()
65.7 Q ()
C. C‘%Cg C.4C.73
50.1 V. 1.25 Q.75
I Ladl al3 ) ¥ pluls] Jba 77
polea e I 4.0-kQ aagLall
523V, -283V
S 6.7 x 105 A (1) .79
16 V (<)

C% C.:C

.3
1

=
W



46.8° .29
4.6m .31
81.1°.33

1.35.37
n>15.39
(i) .43

A 4

AF
T I
N

390 mm (w)
gara> 411 cm | io¥ dwsc 45
-72 cm (i) .47
4.0 (<)
80.6 mm (1) .49
82.2 mm ()
87.0 mm (=)
24 cm sic daslg (o)
dwasll e ey 3.0 cm (7) .51
dwaell oL 0.5 cm (o)
75.0 mm (7) .53
25.0 mm (o)
gasi>-2.54 mm . 15.2 cm (7) .55
weldog
ge09.2.02 cm, -12.1 cm (o)
Jaseog
49.2 cm, 16.8 cm .57
ddyall dwassll wals 7.41 cm .59
B awasll yee 1 7.14 cm (7) .61
-0.357 (o)

(=)

A B
A

| I\

Y

1,1, B
’ ’
F H,

>
»-

Lo duwasel jluy I 16 cm () .63
dbyall dawaell yee Jf 1.8 cm (o)
1.54 .67
-36.1 cm .69
5.6 m.71
5.16 m.73
r=owo().75
d,=-d (=)
+1 (=)
e (2)
oo daell ) 0ydly amy @d! 77

261 s (i) .13

1260 s (w)
2.1 x 10°rev/s .15
ool Joladl .17

3.54 x 10 s, 9040

1.21 x 107s (= 140 pgs) .19
0.95 W/m? ., 19 V/m .21
3.80 x 10**'W .23
2807 (i) .25

2.6 x 10° V/m (o)
341 m-2.78 m (1) .27
561 m-176 m (o)
8,0 100 g5ty Jooi AM .29
330 pF .31
26 x10°H-3.9%x 10°H .33
1.5 V/m .35
499 s (8.31 min) .37
1.28 s (1) .39

260 s (4.3 min) (w)
0.07 V/m (i) .41

8 km (o)
469 V/m .43
150 m (i) .45

75 m (o)
1.8 x 1010 J (7) .47
8.7x10°V/m, 2.9 x 10T (o)
silsdt (1) .49

8.9 pF - 11 pF(v)

1.1 mH (%)
4.0 x 1077 (7).53

1.2 x 102 V/m (o)

1.2x10%V (=)

23 Juadll

50m.1
5°.3
5.9 x10°m?.5
36.0 cm .7
8BS S olo¥l pdasall cats 2.09 cm .9
g9 Jaieo
.5.66 cm 3,240 .11
1.0mm () .-6.7 cm (w) .13
slisus¥! 38,0 aice (1).15
id> (o)
-1 ()
dasa (1) .21
8l wals 22 cm (o)
-98 cm (=)
-196 cm (»)
1.97 x 108 m/s (1) .23
1.99 x 10* m/s (w)
2.21 x 103 m/s (=)
1.49 .25
64.0° .27

7.7V .39
0.14 H .41
1.7 x 102 H (1) .43
aa1 81 (o)
u, NN, A/l 45
297 .47
51107 .49
2.3 (1) .51

4.6 (w)

6.9 (=)
368 Q (1) .53
2.21 %102 Q (L)
9.90 Hz .55
57

X, (@)

80 1
60 |
40 |
20 |

| | | | f(Hz)
0 4000 8000
4.97 x 102 H .59
30 kQ (7) .61
31 kQ (o)
1700 © .63
8.78 kQ -7.62°,.8.26 x 102 A .65
6.65 x 102 A (1) .67
4.19° (w)
119.7 V. 877V ()
3.63 x 10° Hz .69
1.32 x 107 F (i) .71
341 A (v)
7.05 x 103 J .73
280 kV .75
41 kV (1).77
3.1 x 10" W (o)
8.8x10°W (=)
3.0 x 107 W (5)
HAletll e 120-mH ooz .81
et e
102 V .83
0.10 H .85
7.5x 102 H, 14 Q .87
2.5x10°H, 2.9x10%Q(2) .89

22 Jadl)

7.9 x 10" V/m/s .1
5.25V/m .3

1.88 x 10" Hz .5
sl §ob . 3.11 X 107 m .7
499 s (8.31 min) .9
4.0x10"m.11




.0.245 nm .55
1 (1).57
d-27(2)
.16 .59
100 mm , 200 mm .61
oeadl 93 pasaidl 2.9X 41X .63
Ldas o)
-2.3X (1) .65
+4.5 D (w)
.34 cm .67
-19X .69
48 cm.-11X 4.0-cm wlbwae (1) .71
180 cm (o)
1.7m .73

26 Jadl)
A42.6m .1
d1-22x107().3
0.9998 (o)
0.980 (¢)
0.31 (5)
0.20 (=)
.0.0447 (5)
2.32 X 108 m/s .5
diw 26 .7
T X 10%% .9
2 2.7 () .11
W 9.2 (w)
6.39m, 1.25m () .13
15.0 s (@)
0.660¢ (¢)
15.0s (5)
8.1 X 10" kg.m/s .15
0.38¢ .17
310% () .19
140% (=)
4 X 102 kg .21
938 MeV/c* .23
9.0 X 108 1J.3.7 X 10" kg .25
0.60c .27
942 MeV. 1630 MeV/c .29
0.437¢ .31
0.30c .33
0.866¢ (i) .35
0.745¢ (&)
5.5 X 10" 7 () .37
3.3% (w)
237.0483 u .39
(i) .41

plas () 8,51
360 nm .65 49°.79
31°.67 (i) .81
A /2
A \ Il Fz —m/

590 nm .69
oA 600 nm o dingll Jlgb¥l .71
S Al ds el wadad 700 nm
Al 400 nm o dsgll Jlgb¥l 2o
Al syl Gaudad 2l 467 nm
0.7m .73
810 nm .75
160 nm, 320 nm .77
36.9°.79
0.086 (i) .81
i ¥ ()

48 km .83
240 nm .85
4.8°(7) .87

8.7° ()

25 Juadll

2.5mm -39 mm .1

1/62.5s~=1/60s .3

17 mm .5

50 mm .7

0.16 s .9

Juadl el Uil o985 of s L 11

-8.3D,-7.1D .13

20.6 cm (o) .o yas (1) .15

0.2cm .17

1.9 cm (&) 2.0 cm (7) .19

2.1.21

10 cm (&) 17 cm (7) .23

12.0 mm (o) :3.63 (i) .25

6.88 cm (=)

3.3 X (w) 64 cm (i) .27

-27.79 ¢cm .29

22 cm .31

-110x% .33

-94X% 35

f,=0.76 cm . f =124 cm .37

480X .39

.610X%X .41

.230% (&) 0.85 cm (1) .43

. 14.4 cm: 137X(j) .45
0.71mm (5) : 1.7 cm ()

9.1 cm. 6.1 X 10°rad .49

1.7 X 10" m .51

<2 .53

Al dwaell e I 21 cm (o)
0.65
0.106 m,2.7m .83
Jaisog Shvd> Jaizeg savi> .85
0.26 mm o,ks () .87
0.47 mm o,hs (o)
1.3 mm o,das (=)
0.56.2.7 (»)
20.0 cm .89
7.5 cm, 10 cm .91
io¥ dwace 20.0 cm .93
24 Juaill
49X10"m.1
6.2 x10"m.4.8 X 10 Hz .3
1.4 X10*m .5
610 nm .7
AL 38l alie¥l laoill puSse, .9
2.7 X103 m .11
533 nm .13
0.22°.15
1.51°.17
2.51m.19
3.6 X10°m .21
9.53 X 107 m .23
2.6 cm .25
4.43° .27
1640 cm/1s .29
2.20 X 10°°m, 53.3° .31
534 nm, 612 nm, 760 nm .33
7140 cm/ks .35
5.79 X 10° cm/ts .37
643 nm .39
169 nm .41
8.5 x10°m .43
113 nm . 225 m .45
471 nm .47
699 nm .49
2.50 x 10*m .51
0.089 .53
61.2°.55
.35.3°() .57
63.4° (%)
44.5% .59
0.0317, .61
sl (1) .63




27.2¢V. -13.6 eV .59
7.3 X 107 ¢ < 0.999973 s .61
(i) .63

~_
T T

0 L
2.4 X 10"7], 150 eV (=)
1.6 X107 .4.7 X 103 m/s (5)
1.3 x 10" m (=)

3.27 X 10" Hz .65

4.7 X 10% ye399/s .67

5.3 X 10" yg398/5 .69

sasly y<3 0.39 MeV .71

4.7 X 10" m .73

@1 (4.4 X 10%).75

0.64V .77
6.7N.79
SLdl gdasy oJ g, 1.0 eV .81
(1) .83
0
-4
2
3
S?
>
5
=
S
-12-

0.4eV.2.2 eV, axn¥ 1 (v)
2.5eV.47eV.5.1eV
1.8 X 10" C/kg .85

165
= 3X10%T 4
n n2

¥.r =n*(5X10")m

28 Juadl)

3.6 X10"m .1

5.3 X 10" m .3

107 eV .5

3.00 X 101 eV/c? .7

Ax =14X10°m.9

electron

HA12.7 X 107" yo .11
3.1eV 1 1.7eV 40.5.0 X 107]
2.4x 10" Hz 1.2 X 10°m .13
6.6 X 102 kg.m/s .15
(0.12 MeV/c o))
6.5 X 10" Hz .17
sag pulss .19
0.63 eV .21
2.95eV .23
1.9 eV« 43 kcal/mol .25
27

2 =4

H 1.y (eV)
=1
=+

24

(10"*H,) 25,301

6.7 X 10 J.s (1)
5.5 X 10" Hz (&)
230 eV ()
2.42 X 10" m (i) .29
1.32 X 105 m (o)
55eV (1) .31
0.105 nm (w)
6.61 X 10" m .33
0.51 MeV ¢ 0.51 MeV/c .35
2.9 X 10°*m .37
26 V.39
1.3 X 10 kg.m/s (i) .41
1.5 X 10°m/s (w)
6.0 V(=)
Falty0 47 X 1038 m/s,6.3 X 10°8 .45
2.48 X 10" m .47

3.40 eV .49

122 eV .51

5.26 X 10®*m .55

.57

——————————&

6.0 n=s

n=3

-13.6 n=2
2
3
3
5
2
g

54.4 n=1

KE =pc-mc

KE =p’/2m,

(<)

KE

KE =pc

P

0.80c¢ .43
0.98¢ (1) .45
0.42¢ (w)
0.92¢ .47
0.73¢ (1) .49
4w 5.9 (v)
c—v=0.77m/s (1) .51
0.21 m (&)
(1.64 x 10713 J 4i) 1.02 MeV .53
234 MeV .55
4 x 10° kg/s (1) .57
w4 X107 (@)
aw 1 X108 ()
(4.53 X 1072 J 4i) 28.3 MeV .59
2470 MeV/ce (1) .61
0 (<)
1.40 X 10* MeV/c (=)
2.5 X107 kg .63
o3a alise] Y dnwsll @i .65
show] Hbe¥ dvwidly pud Sdgugd
A
0.96 ¢ .67
c .69
iz gl ST 8,068 .6.8 X 10%1] .71
1.17 s (1) .73
2.68 s (o)

27 Jaill

6.2 X 10*C/kg .1

wbigyust) 5.3

fledl o3 1.06 X 10°m (i) .5
flradl o3 8.29 X 107 m (&)
ig9ySia 7.25 X 107m ()
iigerSan .1.06 X 1073 m (5)

54x102°]).0.34eV .7

9.35 X 10°m .9




23 Th (7) .23
234.04367 u (o)
0.0855 MeV .25
12S (1) .27
31.97152 u ()
0.862 MeV .29
0.9602 MeV, 0.9602 MeV, 0 MeV .31
5.31 MeV .33
1.5 X 1010 yr! (1) .37
2.3 h (o)
1/16 4 (0.0625).39
1.31 X 102 5145 .41
3.13 X 10" Jdoast /5 (1) .43
3.12 X 10" gdsest/s (o)
4.26 X 10° Jdsesl/s (=)
0.77 g .45
1.68 x 10"° kg .47
2.6 min .49
2.58 x 103 g .51
T%=(281§Po):T%(Zgg‘Po):(l.ZXlOG):l 53
%33Th — %fRa — ZAc — .55
% Th — %§Ra — %¢Rn
% U — % Th — %{Pa —
2]Ac — %] Th — *%Ra.
N, =N, (1- e™) .57
2.3 x 10*yr .59
41 yr .61
i)l — ,lecl 6.64 .63
98% (w) .65
2r (1) .67

()

Y1 0s
B7(0.14 MeV)
v (0.042 MeV) UHr

v (0.129 MeV) l U

550 Mev, 2.5 x 102 ] .69
2.4 x10° yr (1).71
09 SIL oyl 2.5 % 10° yr (&)
10 sgas o S LM spdo i
ST ol elgin
(1) .73
KE : KE; = 5.48 x 104:1
1.6% (1)
0.67% (<)
1 Poesst/min gl 0.18 JMoweul/s .77

1.8 X 10°?kg. m?/s ()
3600 C°/min .47
2870 m'? .49
V2 hiLy, =2h L, =0 .53
6.3 X 10 s .55
o =43:1.57

proton electron

10** s @=3.1.8 X 10 m/s .59
.ovbsa .61

29 Juadl)
5.1eV.1
4.6eV .3
1,10 X 101 m .7
1.5 X 102% eV, 8.2 X 105 m (i) .9
3.0 X 102 ¢V, 4.1 X 10° m (o)
4.6 X 10%eV, 2.7 X 10°m (=)
720 N/m (i) .11
2.0 X 10° m ()
2.82 X 10°m .13
1.1 X10°m .17
0ayisy) 1.1 X 10%.19
5X10°.21
1.9eV .23
13 mA .25
2.4 mA (i) .27
4.8 mA (o)
8.1 mA (i) .29
5.7mA (&)
13 eV .31
-5.3¢eV (i) .33
5.1eV (o)
1.94 X 10 kg.m? .35
5.50eV .37
9.4 X 102 eV (i) .39
6.3 X 10" m (&)
6.47 X 10* ¢V .41
146 V<V <362V (i) .43

supply —
3.34kQ<R_, <o (o)
30 Jadll
0.149 u .1

3726 MeV/c* .3
258 X 10" m () .180 m (&) .5
g L dugesd! i<y ¥ 6 X 10% .7
340 MeV .9
2.224 MeV .11
7.799 MeV .13
#Na: 8.11 MeV/yalSsw .15
#Na: 8.06 MeV/yslSsus
s (@) 17
0.783 MeV .19
B*() .21
2Na — BNe +¢* +v (o)
1.819 MeV

Axbasnsballz 91 X 10_33 m

Axelectronz (1 S X 1029) Axbaseball

0¢ 1¢2¢3¢4¢5 13

o5yl 14 .15

(i) .17
n / m; m
1 0 0 T
1 0 0 -+
2 0 0 T
2 0 0 -+
2 1 1 k3
2 1 1 -+

Aaed dlaiso gyl wlegaro s
eS| ¥ ) de S

()
n / m; mg
1 0 0 +
1 0 0 +
2 0 0 +
2 0 0 -+
2 1 1 +
2 1 1 -+
2 1 0 +
2 1 0 -+
2 1 -1 +
2 1 -1 -+
3 0 0 +
3 0 0 +

.19

n > 5 m = 4, 321,0,-1I,-

2.-3, -4.

1]

s 22

1 1

>4.]1>3. =+— - = .21
n>41>3m >

1s22s’p®3s?3p°3d’4s%; (i) .23
15?2s822p®3s23p°3d- ()
104824p6;
15?2s822p®3s23p°3d- (=)
104524 6552;
n==6().25
-0.378 eV ()
L=0,1[=0 (=)
m; =0 (s)
51, 5p, 4f, 4p, 3p, 2p (i) .29
digo Jlgbol day)f ()
41 kV .31
0.18 nm .33
dlgill > x> 0.061 nm .35
=2 ayiall dblwgy
1.9 X 102).6.1 X 106 44549 .37
5.64 X 10 rad .39
170 m (7)
2.2 X 10°m (w)
s cans 4w 5.3 X 10 m 41
ST
L. =0.43
L =472x107"kg. m%s.
3.1 x103* m (1) .45



Jelasll &3l Bads dlolugs g9ie (5)
Jelasdl dblwgs Jaina . soall
RUICN

cdae ol Jelasl dbluwgs Joina (<)

-135.0 MeV, -140.9 MeV .53

Lewbasl Lgaoys 64 .55

10¥ k (&) .57

6.59 x 10° m .59

.61

ud uudd

heolK=1]

33 Jadll
481y.3
0.059”, 17 pc .5
110 yr.7
3.7x107%.9
1.4 x 10* kg/m? .11
gis 51 1.83 x 10° kg/m’ .14
3,0 3.33 x 10°
-0.092 MeV, 7.366 MeV .15
d/d,=0.15 .17
4 x10"m .19
540° .21
1.6 x 10% 1y .23
656 nm (1) .25
661 nm (o)
1670 nm (—)
0.44c¢ .27
m?/,elSes 6 .31
10° s (7) .33
107s (=)
10%s (=)
51y .35
5x10°.37
2 x10%N .39
d,,,nm/d,  nm=14 .41
0.88¢ .43
2 x 103 .45
13.933 MeV (i).47
4.7 MeV (o)
3.7 x 10" K (=)
B0 2 X 107 g5y 81~ 400 ly .49
e 100 5 o0

d uud

n

$/ae5, 3.7 x 10°8 (&)
1.0 x 10" yr ()
.8/JMswant 3700 (7) .63
15% ¢50.5.2 X 10 Sv/ yr (&)
cdwald) ya
7.274 MeV .65
96 yr .67
3 mCi .69

32 Juail

7.29 GeV .1
1.8T.3
.13 MHz .5
Ll lowus .7
>\a1pha = 2.2X yolSguill o>
Nipha = 44X 09189l oo
1.8 x 10" m .9
5.5T.11
33.9 MeV .15
1879.2 MeV .17
67.5 MeV .19
2.3 x 10" m.21
(aulysdlg) axsat (1) .23
asll (9)
A2 lly ogapdl sae (=)
69.3 MeV .27
KE,.=8.6 MeV,KE =57.4 MeV .29
52.3 MeV .31
7.5 x10%'s .33
1.3 keV (i) .35
8.9 keV (o)
dladloo i ddlhadl goir (1) .37
bbbyt goindl sac 90 ()
Joina (=)
p (1) .39
27 (2)
K (=)
T (:)
Ds (_m)
Ds=cs 41
43

0.38 A (7) .45
1.0 x 10> m/s (<)
1.022 MeV (i) .47
1876.6 MeV (o)
Aisoddl Bads dblwgy geie (1) .49
g9l Jelaall ablugy Jains (=)
Jelasll dfyalldad> dloligs ggie (=)
Jelas)l dbligs Joisa soill
iyl

31 Juadll
#AL, B, #Si .1
Joiso .3
Jadeol) A8l A0S 5.701 Mev .5
o (1) .7
19.85 Mev (w)
4.730 MeV .9
nt "N — ".C + p, 0.626 .11
MeV
osries kaaxls 3He (1) .13
5C ()
8yl 5l 1.856 Mev (=)
18.000953 u .15
173.3 MeV .17
1/1100 .19
3.7x 107 kg .21
630 kg .23
1.3 keV sl 2.1 x 10767 .25
6.0 x 102 MeV/g .29
4.9 x 10 MeV/g
2.1 x 10** MeV/g
5.1 x 10* MeV/g
0.38 g .31
5.3 x 10 kg/h .33
26.73 MeV () .35
1.94 MeV, 2.22 MeV, (=)
7.55 MeV
7.30 MeV, 2.75 MeV, 4.97 MeV
Losse Sl dugi¥l o ST o5 (o)
»STZ 5,401
4.0 Gy .37
Loas 250 .39
200 counts/s .41
pes 2.5 .43
8.25 x 107 Gy/day .45
BII — 3iXe +e +v (i) .47
Logs 27 (=)
8 x 1072 kg (=)
2i8Po (1) .49
i (@)
a decay: 2§Po — 23Pb +4He
B decay: 2iPo — 28At +e-
Leads 3.1 min
LileesS Jeliny (=)
JMeas! 5.7 x 10° ()
Ianl 2.5 x 104
2C (4) .51
5.701 MeV (o)
h3s “Uyyg = 1.0043: 1 .53
5.1 x 10 rem/yr .55
4.7m .57
1300 kg (1) .59
4.1 x 10° Ci (o
4.0 x 10* W (i) .61

v,



of hydrogen, 367 Ceaonell
Atomic mass number, 836
@A B 2l
Atomic mass unit, 9, 353, 837,
838
Atomic number, 797, 836
Lé)ﬂ‘ 23l

determined from X-ray Ao sl 13aas

analysis, 800-802

Atomic spectra, 771-73 A0 ekl

fine structure of, 786, 795
Gl s )
Atomic structure: @M s il
Bohr model of, 773-79 A5zl
of complex atoms, 797-98 S el &l Al
BM\)

early models of, 769-70

1 a1 il

of hydrogen atoms, 771-85,794-97 (x5 uel) 3,3

quantum mechanics of,786-807 ASISiLSa
shells and subshells of,798-99, 800 (535 < yadll
&l )
Atomic theory, 352—54, 769-81 A A il
(see also Atom;Atomic structure; Kinetic
theory) %;)ﬂ\ s yill 533 ).L.ﬂ
Atomic weight, 353 fn EBN T
Atomizer, 272 gl
ATP, 817
Attack angle, of wing, 27273
glall sl 4l 5
Atwood machine, 88, 221 pr a
255
Audible range, 323 el (524l
Aurora borealis, 563 Gl
Autofocusing camera, 324
Sl 207 5yl

Autoradiography, 892-93
SV ey sl
Average angular acceleration,197
Lonesidll o5 30 gl
Average angular velocity, 196
Lo il A0 311 el
Average speed, 21 s siall de )
Avogadro,Amedeo, 366 s_3a sl sl
Avogadro’s hypothesis, 366—67

Avogadro’s number, 36667

5ola 8l dae

Axis of lens, 647 Auaall g
Axis of rotation, 195 sl s
forces tilting, 206 ol 58 A xon, 511-13
Ll Al ) sae

Back emf, 593-94 daal)dadlas g

Back, forces in, 234-35 aaly s é
Back pain, 234 ekl

Background radiation, cosmic
g5 0Sae oS A o la)
microwave, 945-47

Balance, 236 Ol e

Ballistic pendulum, 178-79 4% Jsai

Balmer formula, 772, 776 <L daua

Balmer, J. J., 772 ol
Balmer series, 772, 776-77

ally ALl

Band gap, 825 Ao allssad

Band spectra, 821 L al) bk

Band theory, of solids, 825-26
Ll o) el Jal) 4y a0
Banking of curves, 11215

Alile Cilyinie
Bar codes, 806 BRI
Bar (unit), 259, 261 (3ax5) b
Barometer, 26062 gl
Baryon number and its st 2ae
conservation, 911, 914
Baryons, 911,914, 916, 917 &l gl

quark theory, 916, 917 ERIPNI Ry =y
Base bias voltage, 830 saclall aga
Base, of transistor, 830-31

in stars, 936 asaill (& gl 50 aa
Angular quantities, 195-200,215-16

A5 3l claesl)
vector, nature of, 215-16 Aalay) daplall
sl W sl
Angular velocity, 196 ff, 215-16
Lyl 3l e sl
linear velocity and, 197, 199
Laal e yud)
Annihilation, 765, 949 sl
Anode, 485, 754, 755 2ran
Antenna, 615, 621, 626, 627-28
P
Anthropic principle, 955 (B
) il
Antilock brakes, 113 JEY) axe il <
Antimatter, 921, 923 pr salall 2
Antineutrino, 846 s sl s
Antinodes, 310, 333
Antiparticle, 846, 910 paall 2aa
Antiproton, 910 055w
Antiquark, 916-17 RPNy
Apparent brightness, 930-31,937
é)ﬁ\.ul Gaodl
Apparent weight, 265 oAl 54
Apparent weightlessness,124-25
Approximate calculations,12—-14
A lian
Arabidopsis thaliana, 881
Arago, Francois, 673 Sl sl
Arches, 243-45 w8l
Archimedes, 263, 265 Ceaed
Archimedes’ principle, 255,263-67 (B
Osed )
Architecture, 4, 243-45 [EB Y
Area under a curve or graph,37, 141
inidll Cead Aalisall
Areas and volumes, A-1 asaall s lalial)
Aristotle, 2, 73 sha |
Armature, 571, 592, 594 [y

Astigmatism, 702, 710 4kliy
Astronomical telescope, 706—7
(258ab) Ol e
Astrophysics, 926-55 EESOREY
Asymptotic freedom, 91941l &3 )
Atmosphere, scattering of light by, 690
o puall s
Atmosphere (unit), 259, 261
s hiaiag
Atmospheric pressure, 259, 261

55}?—“ Lozl
Atom, 352-54, 441, 769-81 (see 50
also Atomic structure; oM S 5
Kinetic theory) A8 jall 4y i)
angular momentum in, 773,794-95 22 B eS|
binding energy, 776 Loy, a8,
Bohr model of, 773-79 A i

complex, 797-98 ReEP)

distance between, 354 O Adluall
early models, 769-70 dapadl) =3l
electric charge in, 441 Al S Al

energy levels in, 775-76,48kLl & sive
794-96, 799, 800
hydrogen, 771-85, 794-97 U soxed)

ionization energy of, 776 il das
neutral, 837 Ualaia
packing of, 824 PN
planetary (nuclear) model of,770 (Sl 235l
51 5i)
probability distributions in,794, 797, 813
YY) a5
quantum theory of, 773-811 Al g yla)
shells and subshells in,798-99, 800 (25 <l yidll
&l sl
stationary states in, 773 ff
3 sl Ala)
Atomic bomb, 883 Al Al
Atomic force microscope, 769
AU e
Atomic mass, 353 5l Al

Air bags, 29 o) sell alSi
Air circulation, underground,274 Gadel gell 350
oY gha

Air columns, vibrations of,329-34
A0 sl 32ec Y1 ) 3ial
Air conditioner, 421-23 ¢ sl aSa
Air pollution, 430 o) sgll dagli

Airplane, sound intensity of,326-27
B iall & pn B2l
Airplane wing, 272-73 5l Flia
Airport metal detector, 595
Sl b el cilislS

Airport runway, 27 BUNFN
Airy disk, 712 o pa B
Algebra, review of, A-3-A-6
Alkali metals, 799 g lall el lal
Allowed transition, 797, 823 T ansa JU)
Alpha decay, 842-44 [BIRSEN
and tunneling, 855 uli s
Alpha particles (or rays), 770,842, 844
W Cilaea

Alternating current (ac),506-8, 603—8
(ac) wlite JLs

Alternators, 593 Gl glial)
AM, 626, 627 L (i
Amino acids, 819-20 il (alaal

Ammeter, 541-45 sl
Amorphous material, 824 4 sLY s
Ampére, André, 496, 568, 616
el 4yl
Ampere (unit), 496, 566
(3335) el
operational definition of,566

Ampere’s law, 568-69, 616

el 58
Amplifiers, 830, 831 &l
Amplitude: gl
of vibration, 288 51 Y gl of
wave, 302, 305, 306-7, 314, 327 a sall gl
Amplitude modulation (AM), el
gl
626, 627
Amusement park rides, 111,
adaall s yite
194, 198, 199
Analog information, 598
3kl Gl glea

Analyzer (of polarized light), ’
(cbafiosall ¢ sall) (o

685
Andromeda, 929 122 530
Aneroid gauge and barometer,
sl
261
Angle: sl
Brewster’s, 687 s s
critical, 645 da iyl
of dip, 556 Jaall Ayl
of incidence, 308, 312, 633,643 Ll dyl)
phase, 607 skl 45
polarizing, 687 (S ST
radian measure of, 195 sl W (5 sl Gl ll
of reflection, 308, 633 LSVl 4505 of
refraction, 312, 643 LSVl 440 )
Angstrom unit, 671 fn psiailsan g
Angular acceleration, 196-99
7z Bl ¢ Dkl
Angular displacement, 196
L 30 dal 5y
Angular magnification, 705
S0 sl
Angular momentum, 213-15
s3I0 a3l
conservation law of, 213-15,846  aa )l Laia 48
s
nuclear, 838 S5
quantized in atoms, 773,794-95 <)l i L siaa
quantized in molecules,821-22 S hsina
il jall

uﬁﬂ“ ﬁ
fn Bas) iy e as Ayiedl) u.an (5 defn Jlaiay)
& Asnse G pr fhadaall Jid Aaadle B aa el il

A il Woadf a3 fF ) s ol Allsa
A (atomic mass number), 836

(LESU (5 saally
Aberration a3}
astigmatism, 702, 710 Al
chromatic, 710 T
of eye, 702-3, 710 )
of lenses, 710-11 Sluaal)
monochromatic, 71011 oslllam
spherical, 636, 710 ¢3S
Absolute luminosity, 930 and ff Gllaall Glalll
Absolute space and time, 729
e s Glladll jall
Absolute temperature scale,lasll 3 ) jall g
362-63
Absolute zero, 362 Gllaall jaall
Absorbed dose, 889 daiaall de all
Absorption lines, 679, 777 sabaial) dasha
Absorption spectrum, 679, 771-72
CalaiaY) il
Abundances, natural, 836
Aapdall 5 3 50
Ac circuits, 506-8, 520 fn, 603-5
AC <l

sl Ll o e
gl il 3 jae

Ac generator, 592-93
Ac motor, 572
Accademia del Cimento, 355

Siiar LaplS)

Acceleration, 23-27, 75-77, 106-9
& bl
angular, 196-99, 201 s
average, 23, 24 Lo gidll
centrifuge, 201 S pall 2kl
centripetal, 107 ff, 194, 198, 200 @Sl
Coriolis, A-18-A-19 sl S
cosmic, 953 T
of gravity, 33 ff, 121 in g’s, 35 EETCEN g
instantaneous, 24 shal
of the Moon, 109, 118 el 4

motion at constant, 26-44 AL A<

radial, 107 [ER S R
relationship with force, 75-77 558l ae d8dle
of simple harmonic Lasdl S8 530 Sigal)

oscillator, 295
tangential, 115-16, 198 obes

uniform (constant), 2644 alaiia

(C)

Accelerators, 902 Gl jluss

Acceptance of theories, 2-3 kil Jsd

Acceptor level, 828 Jatiall (5 sina
Accommodation of eye, 702

Ol s

Accuracy, precision vs., 5 fn 43l

Achilles tendon, 250 pr dedl i

Achromatic doublet, 711 S5 Y z 533«
Actinides, 800 gy
Action potential, 512-13 SIEVEN
Action-reaction (Newton’s third law), 77-80
(055 0538) dnill 35 Jail
Activation energy, 371, 816
EUECIN
Active galactic nuclei (AGN), 930
Aol &l el 45l
Active matrix LCD, 689
Adayiil) 48 shuadll
,851,889
5553 g laiY) Ll
Addition of velocities, 62—64,748

Activity of nuclear radiation, 849

Gle pudl pean
Adenine, 460-61 by
Adhesion (defn), 277 Glaill
Adiabatic process, 411-12 dahS il
ADP, 817
Air: & sell
buoyancy of, 267 FOA
mass of in room, 36548 a1l & ¢ s¢ll ALS
water content of, 374-76  ¢lall (s sisa

42-]



s b 5l A X

Center of gravity, 183-84 4xdadl S

Center of mass, 182-86 EACNIINEO

for human body, 184-850uiy! ausl

and translational motion,185-86 Allany) 48 jall
Centigrade (see Celsius temperature scale)

S5
Centipoise (unit), 275 i
Centrifugal (pseudo) force, 110, A-17-A-18
Centrifugal pump, 278 Sl 2kl ddia,
Centrifuge, 116-17 &S Al 2kl
Centripetal acceleration, 107 ff,
SIS e g ol
194, 198-99, 201
Centripetal force, 109 LN pesd
Cepheid variables, 937 Gl e
CERN, 905
Cgs system of units, 9 cgs sl ol
Chadwick, James, 836 Cuazn oy gl
Chain reaction, 879-81 Juluiia Jelas
Chandrasekhar limit, 934
Dl il Al
Change of phase (or state),371-73,
391 (oskll) Al s
Charge (see Electric charge)
P

Charge-coupled device (CCD), 697
Al #5030 80
Charging a battery, 521 fn,532-33

4yl dias

Charles, Jacques, 362 Al (Jols
Charles’s law, 363 Jols osid
Charm, and charmed quark,
EREII N
915,916-17
Chemical bonds, 812-15
AileS Ll g,
Chemical lasers, 805 e &y
Chemical reactions, 4 slesS cdlelis
temperature effect, 371 B, allda il
Chernobyl, 882 Qo
Chimney smoke, 274 Aaaall A

Chip, 812, 831 E
Chromatic aberration, 710-11

ol g3
Chromosome (see DNA)
pamsas S
Circle of confusion, 699, 710
ALY B ks
Circle of least confusion,710
Circuit (see Electric circuit)
Al eS8l
Circuit breaker, 505-6, 599
Ao
magnetic, 567
Circular motion, 292 A A s
nonuniform, 115-16 Aalatie pe 4 AS a
uniform, 106-15
Circulating pumps, 278-79
Dl laias

Classical physics, 1, (defn, 727)ASudS ¢l 34
Clausius, R. J. E., 416, 422

Clausius statement of second
S G AL s gpuanBIS
law, 416, 422
Clock paradox (see Twinparadox)
(2 5l Alana) Ao Ll Aliana
deludl Jsa
(Bl sl

Clock, pendulum, 297

Closed tube, 332, 333

Clothing, insulating properties
of, 397

Cloud chamber, 857

CO molecule, 822-23

Coating of lenses, optical, 682

pasdl 8 e
052080 2081 sl o5

& goa el ¢3a
Coaxial cable, 580 pr, 621

431 sy

Bubble chamber, 857

Buckling, 361

Building materials, thermal
Sl & clerall Gliaies

Cilelaall 48 e

properties of, 397
Bulk modulus, 238, 240-41 <Ll 3 50
Buoyancy, 263-67 ol dalad)
Buoyant force, 263-67
Cable TV, 628-29 sakall 548
Calculator errors, 7 Jusily )
Caloric theory, 385  dwlall Ay el
Calorie (unit), 385 oSN & Hlas
related to the joule, 385 sISN san g
working off, 386
Calorimeter, 390, 857
Calorimetry, 388-91 PSRN
Camera, 697-701 Al ol el
adjustments to, 698700 5yl
autofocusing, 324 5yl i
digital, 697 PAIRPYCE]
flash unit, 484 =3
Cantilever, 231 Ul Bas g
Capacitance, 480-82, 533-35
Aol 5a
equivalent, 534 et
Capacitive reactance, 605
ol 50 R slia
Capacitor, 48081 lsa
in ac circuits, 604-5 bl bl @yl A
charge and voltage on, 535 EYENIPREEwA)
energy stored in, 484-85 4 yidll 43l
as filter, 605 S
parallel-plate, 482 Ofingiall (g ) sie
in RC circuit, 535-37 RC3s b &
reactance (impedance) of,603-5 Aziles
in series and parallel, 533-34 Sl 4
@l
uses of, 605
Capacitor microphone, 546 pr
sl 058 o
Capacity (see Capacitance)
Jasl 5l
Capillaries, 278 g el iy
Capillarity, 276-78 A el
Car: Bl
air bags, 29 il g s
brakes, 260 oS

force that accelerates, 79 4c jlud) 3 8l
forces on a curve, 112 sl ge s 58l

power needs of, 159 58l Clalal)
skidding, 113 AY
stopping distance of, 30, 144

o il Adlsa
Car starters, 567
Carbon cycle, 885 058U s 50
Carbon dating, 853-55 PNl
Carnot cycle (engine), 419-21

G S0
Carnot efficiency, 420 LRI NES
Carnot, Sadi, 419 EL PPN
Carrier frequency, 626 Jalall aa 5
Cassegrainian focus, 707
CAT scan, 719
Catalysts, 817 BN
Cathedrals, 24445 pegRIN]

Cathode, 485, 754

Cathode rays, 485, 754-55 (see also Electron)
L alldaii Jasgal)

Cathode-ray tube (CRT),485-86, 628

Lasgall dail o guil

Causality, 128, 792-93 Al

Cavendish, Henry, 119 SIS (5,

CD player, 805, 806 CD Janii jlea

Cell, electric, 494-95 Al S Al
Cell phones, 314, 621, 628

@ola ol

Cells, pressure on, 259 QA0 daaaa

Celsius temperature scale,355-56, 362—63

Body balance, 236
Body parts, CM of, 184-85
Body temperature, 356, 395

a@‘ ol

a3 ads 0
Bohr model, 773-79, 786-87
BT AT
Bohr, Niels, 766, 773, 793

Bohr radius, 774
Bohr theory, 773-79, 786-87

Boiling, 374-75, 414 pr e
Boiling point, 355 fn, 373, 375
Ohalall da 5
table, 392
Boltzmann, Ludwig, 428
Ole 3l 50 &gl
Boltzmann’s constant, 367, 833pr
O il sy s
Bomb calorimeter, 390 ALl jre
Bond energy, 813, 817 Aoy A8l
Bonding: Gl jall A day )

in molecules, 812-15
in solids, 824
Bonds, 812-15, 824

ALl o gall Ty

L)l
covalent, 813, 815, 816, 824 G W]
dipole, 818-19 (sl

hydrogen, 818-20

ionic, 814, 815, 817, 824
metallic, 824

molecular, 812—-15

partial ionic and covalent,815
in solids, 824

strong (defn), 817

van der Waals, 817-21 Sl g
weak, 817-21, 824 EEeS
Bone density, measurement of,764
L el 235
Born, Max, 788 Qo oSl
Bosons, 797 fn, 913,917,918
Gl g sl
Bottom quark, 916-17
Boundary layer, 273 Apaall 4.kl
Bow wave, 342 ol da 5e
Boyle, Robert, 362 RTI-ETS
Boyle’s law, 362, 363,368  Jis o548
Bragg equation, 717 [ABEAEE

Bragg,W. H., 717 gl
Bragg,W. L., 717

Brake, hydraulic, 260 4845 el miSall
Braking =
of car, 30, 113, 144 EBEN
eddy currents for, 594 Aal sall Ll
LED lights to signal, 830

Breaking a leg, 174 Sl S
Breaking point, 237 el Akt
Breath, molecules in, 367 il
Breeder reactor, 882 _x » <lelia  Bremsstrah-
lung, 802 =Sl el
Brewster, David, 687
Brewster’s angle and law, 687

g sl
Bridge circuit, 551 pr 5kl 5l
Bridge collapse, 299
Brightness, apparent, 930-31,937

Sl

British system of units, 9 (see also  name of unit)
Sl las Ul

Broglie (see de Broglie, Louis)

ouisd g
Bronchoscopes, 646 Cluadll jUaie
Brown, Robert, 353
Brownian motion, 353
15, A8 el

Brunelleschi, Filippo, 245

Brushes, 571
BSCCO, 510

Btu (unit), 385 Agilay p3 ol asas g

s il jisaclE
Base quantity, 10 EERIREI
Baseball: sacldll 5 8
curveball, 273
fly ball, 71 pr
work done on, 136, 143
Basketball, 71 pr EANIIE SN
Battery, 493-500, 520-21
e
charging of, 521 fn, 532-33 A e,
Battery symbol, 496 saec|
Beam splitter, 684
Beams, 243
Beat frequency, 337 Gl pall 23 5
Beats, 335-37 S peall
Becquerel, Henri, 841 JiS g
Becquerel (unit), 889 (32as) S
Bel (unit), 325 (3as3) do
Bell, Alexander Graham, 325
RPN
Bernoulli, Daniel, 270 Ssom Juh
Bernoulli’s equation, 270-71
%A}A)a" pAKPYY
Bernoulli’s principle, 270 ff [ET
Ssom
applications of, 272-74
Beta decay, 84547 Ui Sl
Beta particle, or ray, 842,
U Slagees

845-46 (see also Electron)
Bethe, Hans, 885 GRTRLTY

Bias voltage, 828 OV aga
Biceps, and torque, 205, 221
asall s Jailall
Big Bang theory, 944 ff BECHEERIEY
kil
Big crunch, 951, 952 aadaal) palal)
Bimetallic-strip thermometer,355
Sl g5 5al Ol e
Binary system, 935, 941
s all allail)
Binding energy, 753 pr, 813,
JRRECIR
816-17, 83841
in atoms, 775 Sl &

of molecules, 813, 816-17 <lujall 4
of nuclei, 83841 sl A
Binding energy per nucleon,839
A gyl dds
Binoculars, 646, 708 Al S
Binomial expansion, 737,A-6—A-7 (see also inside
back cover) 2l (U5 saal)
Biological damage by
£t (s sl alil
radiation, 888
Biological evolution and

gl kil
development, 427
Bit speed, 200 Cyde yu
Black holes, 930, 935, 941
PAKPWA|FErph-il]
Blackbody radiation, 756-58 aanll gl
EpY|
Blood flow, 269, 275-76, 590
PRRSEPEN

convection by, 399
Doppler blood-flow meter, 341
el lss e

Doppler weather forecasting, 0
gl b
341
TIAs and, 273
Blood pressure, measuring, 279
ol b (@
Blue sky, 690 slandl 43 )

Blue-shift, 943
Bobsled acceleration, 75

BN PNF QTS

Body o
heat loss from, 399, 400 5l all aal) 58
metabolism, 414—15 amall 3N Jiall



Current (see Electric current) s
Current sensitivity of meters,
Dlll Gaulsall dalia

542
Currents, ocean, 397 Lyl
Curvature of field, 710 Jlaall elias)
Curvature of space, 93841, 951
cliadll clingl
Curvature of universe, 93841,
OsSl gLias)
951
Curveball, throwing a, 273 5S i
sliasy)
Curves, car on, 112—15 e sl
Ciliaiall
Cutoff wavelength, 802 el Ax g0 J g
Cycle (defn), 288 550
Cyclotron, 582 pr, 903-5
[SEB-TLSWIS PN
Cyclotron frequency, 903—4
O3 Al 23 5
Cytosine, 46061, 818 o sin

da Vinci, Leonardo, 3
Damped harmonic motion, 298

3alA%a 4388 434S a
Dampening, eddy currents for,

594
Dampers on building, 298
Shall 8 Aarall Glaies

Dark matter, 951-53 &3 suall 2Ll
Dart gun, 153
Dating, radioactive, 853-55
e lani¥) gl
Daughter nucleus (defn), 842
558 Ayl
Davisson, C. J., 767 sl
de Broglie, Louis, 766, 78081, SR @ o
787
de Broglie’s hypothesis, 780-81 Gk
de Broglie’s wavelength, 766, @riasedsh
23]
780-81, 890
Debye (unit), 479-80 (3a5) sl
Decay: ol
alpha, 842-44, 848, 855 lf
beta, 842, 845-47 U
of elementary particles, Al Y1 Cilazal)
901 ff
gamma, 842, 847-48 [SEN
rate of, 848-51 Jaza
types of radioactive, 842, 848 SV gl 53
Laiall 3 gall
Decay constant, 848 Uiyl s
Decay series, 852-53 syl Al
Deceleration (defn), 25 shls
Decibel (dB) (unit), 325-27
(323) S
Declination, magnetic, 556
(bl el
Decommissioning nuclear
plant, 870
Decoupled photons, 935, 939
Aliadie cligi g
Defibrillator, 485, 538 fn
Definition, operational, 10
e
Degradation of energy, 427
Degrees of freedom, A-22
allala
Dehumidifier, 438 pr
gl e
Delayed neutrons, 869 fn
Aafie Clip i g
Democritus, 352 Ll jian
Demodulator, 627 il i e

Dendrite, 511

Convex mirror, 635, 641-42

s bl ye
Cooling RYg%
by evaporation, 374, 395 LAl & )

by radiation, 400 g ladYl 3l
Coordinate systems, 20 ilaa) ol

Copenhagen interpretation, of
AU Sl et S s
quantum mechanics, 793

Copernicus, 3 EESETEN
Core, of reactor, 881 Jeladl 8
Coriolis acceleration, ol S g s
A-18-A-19

Coriolis effect, A-18-A-19 B

ol S
Coriolis force, A-18—A-19 £

ol S
Cornea, 701, 702 Ag all

Corrective lenses, 7014
dasiae clude
Correspondence principle, 749,
(bl Gl fae
779, 787
Cosmic acceleration, 953
S
Cosmic Background Explorer,
A oSN A ) Al CaslS
946
Cosmic microwave background
L5 S A S Al Al

radiation, 945-47
Cosmic rays, 902 oS At
Cosmological constant, 953
SSal
Cosmological principle, 944
S sl

Cosmological redshift, 943
el S ALY
Cosmology, 921, 926-55

Coulomb, Charles, 444 sl S JoLE
Coulomb force (defn), 447 sl S35
Coulomb (unit), 445 sl Sl Bas g
operational definition of, 566
Coulomb’s law, 444-47, 458,
el S o5
774
Counter emf, 593-94 Al jeS Axdlas
Counter torque, 593-94 =Se o
Counterweight, 88 S )
Covalent bond, 813, 815, 816,
Laalidha,
824
Creativity, in science, 1-2
A il
Credit card swipe, 599 Ayl ddlay
Crick, F. H. C., 718
Critical angle, 645 Aaoadyl)
Critical damping, 298 s adlas

Critical density of universe,
PR EENREEL

951 ff
Critical mass, 880 Qs sl Al
Critical point, 372 Qs pall ddaal)
Critical reaction, 881 zo~dels

Critical temperature, 372, 510
Loasladan

Crossed Polaroids, 686 saalaie liaing
CRT, 485-86, 628
Crystal lattice, 824 EUPAIP IR

Crystallography, 717! sl guai ale
Crystals, liquid, 256, 688—89
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CT scan, 718-21
Cucurbita melopepo, 893
Curie, Marie, 841-42 oSl
Curie, Pierre, 84142 oS

Curie temperature, 574
S8 Bl adan

Curie (unit), 889 GoSBany

stress on, 361

Condensation, 374 Caiss
Condensed-matter physics (see Solid-state phys-
ics) Al Al 58

Condenser (see Capacitor)

ik
Conductance, 518 pr A%
Conduction: doas
electric, 441-42, 493-513, 825 LS
heat, 395-97 BB
nerve, 510-13 Cuac
Conduction band, 825, 828
RIS
Conduction current (defn), 617 ks
o
Conductivity, thermal, 396
1yl yall AL
Conductors: s sall
electrical, 441-42, 456-57, Al <l
475-76, 493-513, 590-91,
825
heat, 396 5~
Confinement, 887, 918 B
of quarks, 949 SN A
Conservation laws: Jaiall il 8
of angular momentum, S aa 0
213-15
apparent violation of in beta LS (g oalls ellgnsl
Uiy Joail
decay, 846
of baryon number, 911 Ol axe gl
of electric charge, 44041, Aol dads gl
523, 528-29

in elementary particle ALY el 3

interactions, 910-12  <dlelid) 4 of energy,
149-55, 389 ff, 409,529 Ak A
of lepton numbers, 911, 912 Osiad daef A
of linear momentum, 17073 hall ool 8
and ff
in nuclear processes, 846

Al laalel) B
of nucleon number, 848, 911

b gl gl 2re
of strangeness, 915 Al

Conservative force, 148-49 ikilass 4
Conserved quantity, 149 4k sise 8

Constant angular acceleration,
S sl g s

201

Constants, fundamental (see inside  front cover)
Ll ol 8
Constant-volume gas Culdll ) aas
thermometer, 35657 5l Ol
Constructive interference, ¢l Jals

308-9, 335-37, 668
Contact force, 81, 450 alis g

Contact lenses, 702, 703—4

Ay Glusae

Continental drift, 267 @8 zL
Continuity, equation of, 268-69 EARESY
L)y
Continuous laser, 805 eisa )l
Continuous spectrum, 679,Jxais il
756
Contrast in microscope images,
sl s B G
716
Control rods, 880, 881 ASaill luad
Convection, 397-99 37N
of blood, 399 2l
on hiking trail, 398
Conventional current (defn),
497
Conventions, sign, 638-39, 651 sl
Ly
Converging lens, 647, 648, 653 Araza dude
Conversion factors, 10-11 (see
Jisaill i lalas

also inside front cover)

Gosa diS
COBE, 946
Coefficient of performance, 422

1Y) Jalas
Coefficient (see name of)

Coherent source of light, 671, 803
Lyl e (S sras

Cohesion, 277 bl
Coil (see Inductor)
Collapse: of bridges, 299

ol bl
of building, 242 bl
of star, 215 axill

Collector (of transistor), 830-32
(st 35 ) el
Colliding beams, 9067 Aadlaie o a
Collisions, 173-81 Gladbial
elastic, 175-77 O
inelastic, 175-76, 178-79 Oe
in two or three dimensions, 179-81 &3 i ey 3
e
Colonoscopes, 646 sl i
Color: o3

of quarks, 918-20 SR PSR
related to wavelength, 670,671
Aasall Jshay a5
of sky, 690 elandly
Color charge, 918-19 Ol as
Color force, 918-20 oWl s
Coma, 710 e
Comfort, room, 400401 43l dd e

Communications, fiber optics in, 1 646

Gl @l ey« Commutators,
571, 592-93 Yl
Compass, magnetic, 556, 564
Lol lie dilia
Complementarity, principle of, 765-66

4Ll lae Complete circuit, 496, 497

LS5l
Completely inelastic collision, 178-79
g all e adlial Complex atoms, 797-98
Badaa ) )
Components of vector, 49-53
Anie GLS e
Compound lenses, 711 A e Slade
Compound microscope, 7089
S e e
Compound nucleus, 878 Bl g
Ag
Compounds (defn), 353 fn
S e
Compression (longitudinal wave), 303
PAERR]
Compression waves (P waves), 304
bl Gils ge
Compressive stress, 239—40
ESCESCL KVEN
Compton, A. H., 763 O siza S
Compton effect, 76364 B
Osie S
Compton wavelength, 763
OsisesS a5
Computerized axial Sosaall sl
s saall
tomography, 719
Computers, 598 Glala
digital information and, 598 Aad ) clily
hard drive, 200
keyboards, 482
monitors, 485-86
Concave mirror, 635 ff, 639-40
b yia sl ye
Concentration gradient, 377
S g
Concordance model, 948
Concrete: PEIVEES
prestressed and reinforced,242 Al sl s
gyl
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leakage, 541 el
magnetic force on, 558-59 dphlinas 8
measuring, 541-45 ol
microscopic view of, 509-10 EBTECIS -

and Ohm’s law, 498-500 a5l 0585

peak, 5067 a8
produced by changing  asblia) Juadl 55 oo i
magnetic field, 584 ff

produces magnetic field, 557 Yo i
Lushliie
rms, 507 ol b sia j3a

Electric dipole, 455, 479-80, 818
s ilE

Electric energy, 470-87

Al S Al
production of, 430 zll
storage of, 484-85 ROAS
Electric field, 450-54 oS s
and conductors, 45657 Ea gall
Coulomb’s law to determine, 458 asl S o8

in dielectric, 48283 ¥ lall 2 in Em wave,

617-19  <isse SEM

energy stored in, 485 4 yidal) dahall

and equipotential lines, 474-75 ERN-EEPVEN

seal

Gauss’s law to determine, 458 pasle 58

lines of, 454-56 Lsha

magnetic field produced by (omuhalinall Jlaall
3 (e il

changing, 616 ff

of point charge, 451 Aolaty sl

produced by changing

magnetic field or flux, 591, 617 ff
relation to electric potential, 474

e gl e 283

Electric field lines, 454-56
el Jaa) o ghas

Electric flux, 457-58, 617

(sl esl) il
Electric force, 439 ff Al yeSll 5 g8l
Coulomb’s law for, 44447 a S (58
Electric field (cont.) oSl dlll

relation to electric potential, 474
heSl gall ae A1)
Electric field lines, 454-56

el Jlaall Ja sk

Electric flux, 457-58, 617
heSl Al
Electric force, 439 ff Ay e 5l

Coulomb’s law for, 44447 a5l S o 58
in molecular biology, 460—62,479, 818-21 =]

ad sl e
Electric generator, 473, 520, 584, 592-93
S e
Electric hazards, 538-41
Ll S )l
Electric motor, 571-72 oS d e
counter emf in, 593-94 AonSe dailys g8

Electric potential, 470-87 (see also  Potential dif-
ference) SheS e
22l 58

of dipole, 479-80 L]
relation to electric field, 474 Jiaall pe 483010
s

of single point charge, 476-79 5 jiie Aink
Electric power, 502—5 Al S5 8
in ac circuits, 606 sl lall <l
in household circuits, 506—7 <l lall 4
PPN

transmission, 595-97 Ja

Electric power generation, 430-31
Al el 5,0l a5

Electric shocks, 53841 Glesall
A4l el
Electrical shielding, 457

el d

Electricity, 439-545, 584 ff, 615 ff
el
Gauss’s law, 457-59 wosle O 58
static, 44041 (sSa

457 s s

Earthquakes, 304, 305, 306, 313
ECG, 487

Echolocation, 304

Eddy currents (eddies), 268,

594-95
Edison,Thomas, 485
Effective dose, 878
Effective values, 507
Efficiency, of heat engine, 160,

Lo NIV
saall paad
el sal) cl Ll
Ol ula s

el eyl
il gl

Gl el e

418
Carnot, 420
Einstein, Albert, 3, 353, 727-49,

758,871,914, 926
EKG, 487
Elastic collisions, 175-77

Elastic limit, 237
Elastic modulus, 238
and speed of sound, waves,

304
Elastic potential energy, 147,

289
Elastic region, 237
Elastic spring, 147
Elasticity, 23741
Electric battery, 494-97,

520-21
Electric cell, 494-95
Electric charge, 439 ff
accelerating, gives rise to EM

GRS

i

4 ye Gladlad
g yall aa
A5 all Jalaa
(& gaall de g
Sl e

5l n s Bl
25 yall Akl
ey
Lyl

Al S Ay sy

Aplaline ;S Aa 5o ) 25 g )

wave, 619

in atom, 441

calculating, 535

conservation of, 44041, 523,
528-29, 848, 898

of electron, 445, 754-56
elementary, 445

induced, 442-43

motion of in magnetic field,

560-63
point, 446, 450-51, 476-79
quantization of, 445 a3
“test,” 450
Electric circuit
ac, 506-8, 603-8
complete, 496, 497

I
la
Lia

BB
s

il
Joe 3

(bl

containing capacitors, 533-35, 603-8

containing resistors, 498 ff, 520-45

dc, 493 ff, 520-45

digital, 831

grounding, 53941
household, 505

integrated, 830-31

and Kirchhoff’s rules, 528 ff
LC, 608, 627

LR, 602-3

LRC, 6067

open, 496

RC, 535-37

rectifier, 829

resonant, 608

time constants of, 536, 602
Electric current, 493 and ff

alternating (ac), 506-8,
603-8
conduction (defn), 617

conventional (defn), 497

direct (dc) (defn), 506
dicement, 617
hazards of, 538-41
induced, 584

Dl
$A

Disintegration energy, 843

Iy dsla

Disorder and order, 424, 426
Alaill axe g oUail)
Dispersion, 671-73 sl Gl
Displacement, 20-21, 37, Al

46-47, 50-53
in vibrational motion, 288
L)y A< all b

of wave, 314 Aasall
Displacement current, 617 B
t‘-.g}'lYl
Dissipative forces, 156-58

Axias g

Dissociation energy, 813
SI<atl) daUa

Distances, astronomical,
A4Sl ldlie

924-25
Distortion (lenses), 710
Diverging lens, 647, 648, 650,

e i 5

43 ji0 Cluae
653
Diving, spins in, 214 e
DNA, 460-62, 679, 718, 818-21,
DNA
876, 881
structure and replication of,
ASay s 5
460-62
Domains, magnetic, 57375
(rebline) 520
Domes, 243-45 SR
Donor level, 828 slanll (5 giua
Doorbells, 567

Doping, of semiconductors, 827-28

O la gall ol e Cia
Doppler blood-flow meter, 341

s ol e ke

Doppler effect, 33842, 930 B

Db (s )ALL)

for light, 341-42 ol A

Doppler, J. C., 338 fn () Shise
Doppler techniques in medicine, 341

Ghll A s ok

Doppler weather forecasting,

isa s allal g sall sl

341
Dose, 877-79, 880 ic s
Dosimetry, 877-79 Sle jall ulie

Double-slit experiment, 787-89
gsoal Bl 4y jas

for electrons, 787-89 EPR N
for light, 668—71 o guall B
Down quark, 904 JauS d ) <
Drift speed, 509 Lo de e
Driving, around curve, 112—13

sinie Jsa skl
Dry cell, 495 Adls s
Dry ice, 373 lall adal)

Duality, wave-particle, 765-68,
paen - A e il 52 Y
781
Dulong and Petit value, A-22

DVD player, 805, 806 DVD >
Dye lasers, 805 Bl 5l

Dynamic lift, 272-73 sSuabipall @il
Dynamic rope, 105 pr Swabial) Jaall
Dynamics, 19, 72 ff Saalinll
rotational, 206 ff Al sl
Dynamo (see Electric & jaall
generator) (ShoeSh aldl)
Dyne (unit), 76 (33s5) e
Dynodes, 85657 sulall

, 74447

Ear, human, 328-29 gyl o3y
sensitivity of, 327, 328 EEINEN

Density, 256

and floating, 263, 266
of universe, 94041
Depth of field, 699
Derived quantity, 10

Destructive interference,

308-9, 310, 335-36, 668
Detectors, 627
of particles and radiation,

856-58
Detergents, 277
Determinism, 792-93
Deuterium, 864, 868, 872,

873-74
Deuteron, 864
Dew point, 376
Diamagnetism, 574 fn
Diamonds, 672
Diastolic pressure, 279

Dielectric constant, 482
Dielectric strength, 482

Dielectrics, 48283
molecular description of, 483

Diffraction, 31314, 665-66,

673-75,711-18
by circular apertures, 711-13

of electrons, 767

of light, 665-66, 673-75

as limit to resolution, 711-13
of matter, 767 salall
by single slit, 673-75

of water waves, 313-14
X-ray, 717-18

Diffraction equation, 674

Diffraction grating, 67678

Diffraction limit, for resolution,

715

Diffraction pattern (defn),

673

P
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Derived units, SI (see inside front

cover)
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of circular opening, 711-13

of electrons, 767
of single slit, 673-75
X-ray, 717-18

Diffraction spot, 673, 712

Diffuse reflection, 633
Diffusion, 376-78

Diffusion constant, 377

3y il Al
EEPE-Sall
dsuall dagy

aliiia je (ulSas)

)
oLyl el

Diffusion equation, 377 L) Alias

Digital camera, 697
Digital circuits, 831

Digital information, 598

Digital meter, 54445
Diodes, 828-30

Diopter, 648

Dipole:

electric, 455, 479-80, 818
magnetic, 570

Dipole bonds, 818-19
Dipole moment, 479
Dipole-dipole bonds, 818

Dipole-induced dipole bonds,

818
Dirac, P.A. M., 795

Direct current (dc) (defn), 506 (see

current)
Direct proportion, A-1

Discharge tube, 754, 771
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Excited state: dage s
of atom, 775 5l

of nucleon, 914 sl

of nucleus, 847 31l

Exclusion principle, 797-98, 813 [EY

Alasin!

Exoergic reaction, 876 Akl Jelis
Exothermic reaction, 876

5 all 3 )l Jelis

also inside
ORI (5.9 €2l

Expansion, binomial, A-6—A-7 (see
back cover)

Expansion joints, 354 2aadll EBlay
Expansion of universe, 94246
OSlaagd
Expansion (rarefaction), 303, 324
(dalas) aaa
Expansion, thermal, 354, 357-60
Lﬁ)‘)‘ a3
Experimentation, 2 s
Exponential curves, 535, 602, 849
Aouf Ciliiaia
Exponential decay, 849 o )
Exponential notation, A-3 (ol Ja
Exponents and exponential notation,
A-2—-A-3 (see also inside back cover)
uau-uyl
Eyeglass lenses, 7014 <l il Slse
Eyepiece, 706, 707-9 At
f-stop, 698 fdd,

Fahrenheit temperature scale, 355-56
e edll 3l all g )5

Falling bodies, 31-35 bl sl
Fallout, radioactive, 871

el (sl

Far point of eye, 702 cpall aa ) ddasil)

Farad (unit), 481 (33n5) 3l
Faraday, Michael, 450, 584

@38 dilaae

Faraday’s law, 616 @Al A o5

Farsighted eye, 702 il 3y e

Fermi, Enrico, 14, 766, 787, 797 fn, 846, 866, 868,
902 oo S )

Fermilab, 893 o A
Fermions, 797 fn, 906 Gl g il
Ferris wheel, 111 Flall dlae
Ferromagnetism, 555, 573-75

o
Feynman diagram, 896 Oleiild Sl
Feynman, Richard, 896

Claidld 2 L
Fiber optics, 64546 Y ¢

Fick’s law of diffusion, 377
ol A eld g g8
Fictitious (inertial) force, A-17 558
Ay el
Field, 450, 895 (see also Electric field; Gravita-
tional field; Magnetic ~ field)

Ja

Figure skating, spins in, 214
2 g
Film badge, 878 ol (Ll 3Ls
Film speed, 698 fn alil) de
Filter (electrical), 605 (106S) i <Fine struc-
ture, 786, 795 Gy s
First harmonic, 311 sV )

First law of thermodynamics, 408—15
gl Sl 3 0 0
human metabolism and, 41415 Alaal) clleal)
Oles¥) A
in isobaric and isovolumetric pro  cesses, 413 &
P»J\wu,a.an éJLJQLAAc

First overtone, 332 I Qlsall
Fission, 86671 el
Fission bomb, 871 Ay jdaday) dlyall
Fission fragments, 866 il o) sl
Flashlight bulb, 495 s rluas

Flavor (of elementary particles), 906

(359 Cilapunll) 4%ia
Flexor muscles, 234 Al O lae
Floating objects, and density, 263, 266

4K 5 Ll Slua)

vibrational, 289-91, 823 @) )
of waves, 305-6 s gall
zero-point, 823 Jiwall ddag
Energy bands, 825-26 Al o s
Energy “buckets,” 290 Al (e gl 8
Energy conservation, law of, 149-55, 848,

910 PEIAREN
Energy density, 485, 602, 623

Akl 48
in electric field, 485 ShoeSh Jlaall 3
in EM wave, 623 EM 4sa 8
in magnetic field, 602
Energy gap, 825 Agila 3 gad
Energy levels: Al il gie
atomic, 775-76, 794 ff &3
for fluorescence, 803  5_5ll
for lasers, 803-5
in molecules, 821-23 iy all b
nuclear, 847 35l S
in solids, 825-26 leall alual &
Energy production and resources, 430-31
L) ) jolas
Energy states: daall Yl
in atoms, 775-76, 794-96 <l A &
in molecules, 821-23 Gl 4
in nuclei, 847 35l &
Energy transfer, heat as, 385-86 Ja
551 5aS il
Engine, heat, 416-21, 430
Sl e
Enriched uranium, 880 Cuada ol ) g
Entropy, 408, 424-25 L gyl
in life processes, 427 Agpall clileal) 3

second law of thermodynamics and, 42425
Al Wiy SN (5l
statistics and, 428-29  sbasl
Environmental pollution, 430

e Sl

Enzymes, 817 il il
Equally tempered chromatic scale, 329

s sbuills Jana s

Equation of continuity, 268-69
) peiy) Aol

Equation of state, 361 Al Aalas

for an ideal gas, 364 Sie 5lad
Equilibrium, 226-55, (defn, 227)

ol

conditions for, 227-29 L

stable, unstable, neutral, 236 BTSN

Jelita ¢ e

thermal, 357 S~

Equilibrium position (vibrational motion), 287
() il 38 m) Q1) o se)
Equilibrium state (defn), 361

OVl Al
Equipartition of energy, A-21-A-22
1 5all il
Equipotential lines, 47475
) sl shat
Equipotential surfaces, 474—75
2l gl g sl
Equivalence principle, 938, 939 e
Jaladl)
Erg (unit), 137, 143 (3225) )
Escherichia coli, 769
Estimated uncertainty, 5 fn, 6 Y
(8 paas
Estimating, 1214 A
Esu (unit), 445 fn Esu sy
Ether, 7305%)
Euclidean space, 940 Gl gl 8
Evaporation, 373-74, 395 oA
Event, (defn, 731) [SREN
Event horizon, 941 ) Gl
Everest, Mt., 121 Cu i)
Evolution: PP
biological, 427 G
stellar, 930-36 5
Exchange particles (carriers of force), 908
Jaall Slas

production of, 934 zll
transmutation of, 842, 875-78 Jasas
Elevator and counterweight, 88

) sall 3 58ll 5 anaaall

Ellipse, 125 el
e/m for electron, 755 e/m o5 S
EM waves (see Aphaling 5 5eS Sl 50
Electromagnetic (EM) waves, 558
Al oS dadly
Emf, 520-22, (defn, 520)
back, 593-94 e
counter, 593-94 lac
of generator, 592-95 A e
induced, 584 ff s

induced in moving & e Joa e b 580

conductor, 590-91

motional, 590 SO~
in series and in parallel, 532-34 Sl e
s\

source of, 520-21 Jhas
Emission spectrum, 771 el caila

Emission tomography, 893-94

(el iida  gua
Emissivity, 399-400 Al
Emitter (transistor), 830-31

(e 3 5) Ll

Emulsion detector, 857 [EEBE TN
Endoergic reaction (defn), 876
Al ale Jelds
Endoscope, 646 JEENARE N
Endothermic reaction, 876
3 all ale Jelis
Energy, 136, 141-60, 744-47
PN
activation, 371, 816 sl
binding, 775, 813, 816-17, Ly
838-41
bond, 813, 817 i
conservation, 149-55, 389, PELEN
409, 529
degradation, 427 Al Latassl

disintegration, 843 sl
distinguished from heat and temperature, 386
o)Al A s, al Gk ge aas

electric (see Electric energy) s
in EM waves, 623-24 EM s 5e
equipartition of, A-21-A-22 & sy 45 a5
and first law of thermodynamics, 4 08-10

A all Kl ) (gt

geothermal, 431 Laslsn ool s
internal, 386-87, 408-15 Sl
ionization, 775,778 ol

kinetic, 141-44, 210-13, 744-47 S
mass and, 74447 5 Ak
mechanical, 149-55 Sl

molecular rotational and vibrational, 387, 82—2723
G ol G

nuclear, 431, 875-96 o
of photon, 762—63 Osish
potential, 144 ff, 470-71 )
quantization of, 756, 758, 795 EER]
reaction, 876 Jelis
related to work, 141 ff Jadlly s ya
relativistic, 74447 JURnY
rest, 744 OsSas
rotational, 21013, 822-23 s
in simple harmonic motion, 289-91 A8 534S
solar, 431 PO
stored in electric field, 48485 Jaall 8 (553
s

stored in magnetic field, 602 Jaall 8 (553
ENERE

thermal, 156, 386 ol
threshold, 877, 900 pr Al

total mechanical energy (defn), 149 48 4.<lSw 43l
transformation of, 155-56, 744-47 Jagad

unavailability of, 426-27  aalsill axe
and uncertainty principle, 789-92 a5 fase

units of, 143 I

Electrocardiogram (ECG, EKG), 487
u_n\.l)gﬁ\ sl Jakada

Electrode, 494 LS ki
Electrolyte, 494 sl sl
Electromagnet, 567 (omuhlina yeS

Electromagnetic blood-flow
measurement, 590
Fphaline )¢S 44 yhay aall (s (el
Electromagnetic (EM) waves,
pelline s 568 D 2
615-28, 664 ff, 726-27, 729, 730 )
Doppler effect for, 341 a3l Jai & Jlisa (3als) il
i) Laaua g
momentum transfer and
radiation pressure, 625-26
Electromagnetic force, 907-22
Lahlina 5 56<ll 5 )
Electromagnetic induction, 584 ff

(baline 5 S Al
Electromagnetic oscillations, 608
(bt s 4S8 )l
Electromagnetic pumping, 576 pr
mlita g gl
Electromagnetic spectrum, 619-22
(bt 5 el ol
Electromagnetism, 584-631
Alaliig 5 <l
Electrometer, 443 heS ilie
Electromotive force (see Emf) 58
Al yeS dadly
Electron, 754-56, 766—68
sl
charge on, 445, 754-56 Oy A
discovery of, 754-56 <Ll
in double slit experiment, 787-89 of, 755 =
Aa g el Al Ay a3
free, 442 -~
lepton number of, 911 Osid e
mass of, 756 PAKS
in pair production, 764—65 gl gy
as %o particle, 845-47 [ENEXS
wave nature, 766—68, iagdldaph
780-81, 789
“what is an,” 768 el

Electron band theory, 825-26
Al gl 05 Y

Electron capture, 847 O W)
Electron cloud, 794, 796, 813

O SN dae
Electron configuration, 798-99

Os A JLs

Electron degeneracy, 934
BEB-SMESgS
Electron microscopes, 754, 768—69
s el
Electron spin, 574, 795 S5 ASIYY el
Electron volt (unit), 476, 746, 838
(33n5) @l syl
Electronic devices, 485-86, )
A5 IV @l 5ol
541-45, 626-28, 827-31

Electroscope, 44243 hesSI alash
Electrostatic unit (esu), 445 fn

A sSus S B
Electrostatics, 439-87 S sS 5 5Sl)
in photocopy machines and eyl S A

computer printers, 462—63
Electroweak theory, 128, 918-20
Sl amall &y s
Elementary charge (defn), 445
ERPN ]
Elementary particle physics, 901-22
Y ol el 5
Elementary particles, 901-22

LY el

Elements (defn), 353 fn
ealiall
of lens, 711 Auaal)
periodic table of, 798-800 sl Jsaall
paaliall

(see also inside back cover)
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Gluons, 890, 897, 9067
Gopbhers, air supply, 274

GPS, 17 pr, 134 pr, 739

Gradient: zox
concentration, 377 S5S A
temperature, 396 bolallda
velocity, 27 Qe yull
Glashow, S., 919 ERTN
Glasses, eye, 7014 Dl el HUas

Global positioning system (GPS), 739
coallall @) all 33 ks
Global warming, 430 s\l palgay)

Glueballs, 918 fn Gl il S
Gluino, 922 s
Gluons, 902, 909, 918-19 LIEPHEN

Gophers, air supply, 274
o) sell (1538 e Canliv ca 5gd

Gradient: zoS
concentration, 377 O
temperature, 396 5l allda
velocity, 274 O gl e de
Gram (unit), 9, 76 (33n9) ol
Grand unified era, 949 Baa gall Agal)
ealiall
Grand unified theory, 128, 920-21
coadanll Ban sal) A y1a)
Graphical analysis: (hhass s
10aal) 3S all
of linear motion, 36-37
for work, 141 Jaall
Grating, diffraction, 676-78
s 3 e
Gravitation, universal law of, 117— 20, 445, 938

oS il
Gravitational collapse, 941

R kel
Gravitational constant, 119
Caall s
Gravitational field, 456, 938-41
Apdal Jlae
Gravitational force, 80-83, 117-28, 909, 93841
Callsd
Gravitational mass, 938-39
A
Gravitational potential energy, 144-45

LalSH Aplall 43
Gravitational slingshot effect, 193 pr
PRCEN TN
Graviton, 909, 922 Osidl s
Gravity, 32-34, 80-83, 117-28, 938-41

sl

acceleration of, 32-34, 118, 121 (]
center of, 183-84, 229 K
and curvature of space, 938-41 (sladll yasiy
g1l

effect on light, 939, 941 & gazall il

on Moon, 109 il e
specific, 256 =P
Gravity anomalies, 122 EECEN [P RN
Gravity waves, 954 Al ) sl
Gray (unit), 889 sy

Greek alphabet (see inside front cover)
JEPOA S A S ER RIS EX) S E P TP RS R

Grid (electrode), 486 (ki) 4S:5Grimaldi, Fran-

cesco, 666, 670 ENITSEN
‘ Sl

Ground fault, 599 o2 Cunall

Ground fault circuit interrupter (GFCI), 599

Lpmall 2 g0 5 )l oLals
Ground state of atom (defn), 775
EBNERSRNPUN]]

Grounds and grounding, electrical, 497, 53941
el Sl 5 g Sl

Groves, Leslie, 883 SOod i

Guanine, 46061, 818 Ol s

Gun recoil, 172 adadl s )

GUT, 92022

h-bar (h), 791 h- & (h)

47 o s

Galilean transformation, A-23-A-26

Slle @3 a3

Galilean velocity transformations, A-2, A-
24-A-25  <Ohsiddle de
Galilean-Newtonian relativity, 727-30, A-

23-A-24 (s - e A
Galileo, 2, 19, 31-32, 54-55, 73-74, 297, 354,
622,633,706 fn, 708, 727, 728, 742, 915

sllle
Galvani, Luigi, 4, 494 Slle ad
Galvanometer, 54144, 571 e silalal)
Gamma camera, 881 Lala 3 el
Gamma decay, 842, 84748
Lla il
Gamma rays, 620, 842, 84748
Lala Gl
Gamow, George, 726, 934
lazos
Gas constant, 364 Sl e
Gas lasers, 805 Aailad) @l 5l
Gas laws, 361-67 3l ol 8

Gas tank overflow, 359 BEAIBENE RN
Gases, 255, 353-54, 361-73, 410-14

@l
change of phase, 371-73, 391-92 skl s
definition, 255, 353, 372 iy gl
ideal, 36367 e

light emitted by, 771-73 Zuxyiall ¢ suall

molar specific heats for, A-20-A-21 e 5l 5l )

il

real, 371-73 TN

work done by, 410-14 Jsdaall Jasll
Gauge bosons, 901, 905, 907

g sl

Gauge pressure, 259 oAl lazal)

Gauge theory, 907 el Ayl

Gauges, pressure, 260-62

Gauss, Karl Friedrich, 457

woste oy 8 S
Gauss’ Law, 457-59, 616

osle 58
(32a5) o= s Gay-Lussac,
EINPEENSS ST
Al shia (538
s dlae

Gauss (unit), 559
Joseph, 363
Gay-Lussac’s law, 363
Geiger counter, 85657
Gell-Mann, M., 904
General theory of relativity, 914, 926-29

Ll Al 2y ki

Generator, electric, 430, 473, 520, 584, 592-93
el A )
Genetic code, 820 Adl sl s el
Genetic damage, 876, 878 s Jk
Geodesic, 928 Al dalie

Geological time scale dating, 854-55

sl
Geometric optics, 632-56, (defn, 632)
45""3‘“ & g
Geometry, plane, A-7-A-8 (see also inside
back cover) EENSLY
Geometry (review), A-7-A-8
FINETY
Geophysical applications, 122
Al 3 s Sl
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turbulent, 268 skl
Flow rate, 26869, 275 Cloall Jae
Fluids, 255-85 (see also Gases)
&
longitudinal wave speed in, 304 Aa sall Ao
A shall
Fluorescence, 802-3 B
Fluorescent light bulbs, 803
Al mabas
Flux: (385
electric, 617 s
magnetic, 586, 591 (omabliza
Flying buttress, 244 () Adled
3 ik
FM radio, 627 s, FM

Focal length, 636, 641, 648, 650-51, 656

ol =l
Focal plane, 648 EBEN TSN
Focal point, 636, 641, 647
5l A
Focus, 636 5,5l
Focusing, of camera, 698-99
[BYNEN{ gt
Football, 58, 61, 66 pr, 67 pr 58S
?ﬁ
Foot-pound (unit), 137, 143
525 Esu

Forbidden energy gap, 825
de siaall 4L 5 5
Forbidden transition, 797,803 fn
(st € sae I
Force, 72-105, (defn, 73, 76),128 (see also
Electric force; Gravitational force)
(Rdasgd) 54

buoyant, 263—-67 sib gl
centrifugal, 110 - SYEPY
centripetal, 109 LS e

color, 906-8 o

conservative, 148 ff EV-LIENY
contact, 81, 128, 450 ol
Coriolis, A-18-A-19 oals) S

Coulomb (defn), 447 (see also Electric force)

CaslsS
dissipative, 156-58 Arnaa
elastic, 147, 237-41 A ya
electric, 439 ff Al S
electromagnetic, 128, 895 ff Fnhline 5 S
in equilibrium, 226-55 5]
exerted by inanimate objects, 79 alual g datls

3aala
fictitious, A-17-A-18 ) 8 of
friction, 90-95, 112-14 Sia)
of gravity, 8083, 117-28, 897, 926-29

EEIUEN
inertial, A-17 Gyl
long-range, 841 el 2y

in magnetic fields on charges and currents, 558-63
ol il s clin il e ddaliadl Yl b
measurement of, 73 k8

in muscles and joints, 234-35 SOlaall

Jealiall
net (defn), 76, 84 Sa
in Newton’s laws, 75 ff s o5 S
nonconservative, 148 Logina e
normal, 81 ff gl
nuclear, 838-41, 855, 895 ff @8
per unit mass, 456 A 3an 5 U<
pseudoforce, A-17 LASs
relation of momentum to, 168-69 Al Adle
relationship to acceleration, 75-77 [
restoring, 287 Al Jass,
short-range, 841 Gl juad

strong nuclear, 128, 840 ff, 895 ff, 897

Lhdss
types of in nature, 128, 897 Aaphall 8ol Y
units of, 76 Glas g



4y ) gucill A1
Inertial reference frame, 74, 727, A-
16-A-17 oyl o2 ya )

Instantaneous angular accelera tion, 197
gzg sslog b
Instantaneous angular velocity, 196
baliyg) jie o
Instruments electrical, 541-45
Al S Yl
musical, 329-35 Aise
Insulation, thermal, 396-97
Sl de
Insulators: dilse
electrical, 44142, 825 Al e
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rotational, 206—8 s
Inertial confinement, 887
Inertial forces, A-17

Gyl g A

Inertial mass, 938-39

Helium nuclei, 950 asbia 3158
Helium-neon laser, 805 st esda 54

Henry, Joseph, 584, 600 < )s> 5@
Henry (unit), 600 (3an3) s

Hertz, Heinrich, 619-20
OB ¢

Hertz (unit), 200, 288 (32>5) i Hertzsprung-

Russell diagram, 932 ff @il lkia
s -
Higgs boson, 920 035
Higgs field, 920 e dlas
High jump, 185 Sle o8
High-energy physics, 901-22
Allad) A8l oLy 5
High-temperature superconductors,
510
3oallds jy dlle AUl Cdla gall
Highway buckling, 361 S ol 3 Jay
Aagpudl 3Lk e
Highway mirages, 667 o

Hiking trail, convection, 398-99
Jaall 6yl @3la 1l jls
Holes (in semiconductor), 826, 827

(Jrmsall s ) s
Hologram and holography, 8067  Axemaills ) sall
el aill
Hooke, Robert, 237, 680 fn
EETPEE P
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Half-wave rectification, 829
A e Chuaip e

Halley’s comet, 133 pr e el
Halogens, 799 st
Hammer: PR
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interference of, 66871 Jdalal
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photon theory of, 758-61
ERFFERS
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wave-particle duality of, 765-68 - 4x sall da 53 )
pamen
white, 670 o
Light bulb: (G glean
fluorescent, 803 e
incandescent, 495 s
Light pipe, 646 (S Gl

Light-emitting diode, 830

s puall Huas AU dlea
Lightning, 470, 504 3
distance to, 323 AREINA

Light-year (unit), 915 (33 5) &1 s dins
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(32 i) B e

Linear velocity, 197, 199 4ha de ju
Linearly polarized light, 684

Lines of force, 454-56 sl Jaglad
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Lawrence, E.O., 891 o)
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achromatic, 711 Sy
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corrective, 701-4 (gdaaal
cylindrical, 702 sk
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eyeglass, 7014 Apdas s
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J ol 2l
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Gpnnlalizag g 5eS x5S
emission of, 632 I lag)
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postulates of, 368
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Kirchhoff’s rules, 528-31

g S lacld

Lake, volume of, 1213 A B

Laminar flow (defn), 268
(Cn) xilia Gl
Laminated armatures, 594

Anilia g g0

Laminated iron cores, 595 ]

@.‘l&a AT

Land, Edwin, 685 Y - sl
Landing, impulse on, 174-75

oo dms

Lanthanides, 800 ERkL]

Laser printer, 463 Ayl Ak

Lasers, 803—6 &l

Latent heats, 391-95 Al ) al



Magellanic Clouds 917

Magnet  554- 45,573 - 75 uhline
Domains of a magnet 573- 75 oublindl Jséa
Electro — magnet 567 LS publina
Permanent magnet 574 2 uhalize
Magnetic confinement 875 rublize jas
Magnetic damping 610 (omnhaline it
Magnetic declination 556 (muhaline Cal i)
Magnetic dipole 570 abadl)
eslabiaal
Magnetic domains 573-175 Aphline J s
Magnetic field 554-175 rablize Jlae
Magnetic field of circular loop 5 57
A i Adlal bl e
Definition of magnetic field 55 8
rablinal) Jlaall Cay jas
Determination of magnetic field 5 68 —-69
(ebalinall Jlaall ypass
Magnetic field of Earth 556 (emablinall Jladl
‘?—-'a)S“
In EM wave 617-19 dage b
Sl s oS

Energy stored in a magnetic field 6 02
smbling Jlae b 4 5 46k

Induces emf when changing magnetic field
584 e 85 (e pai A 4l S Aadlas 8
Jaal Ja slad
bl

Motion of charged particles in a magnetic field

560 ublite Jlase (3 40 padiall Clapual) 48
Magnetic field produced by changing electric field
616 heS Jlae 585 e 0 ounlaline Jlae

Magnetic field produced by electric current
557,616- 17 O (e @l (panbaline Jlae
Sl

Magnetic field lines 555

Magnetic field of solenoid 5 67

sl Gl i) Jlsal
Magnetic field of straight wire 5 64

e el eulliall Jaal

Magnetic flux

586, 591 ki) Gl
Magnetic force 586, 591 Anhlizall 3 6l
Magnetic head 598 bline Gl
Magnetic lens 768 Aunlalizg duae
Magnetic moment 570 (rnbline o e
Magnetic monopole 555 ki) gala

(ahalinall

Magnetic permeability 564, 574 Lpuardaliicall A3al)

Magnetic poles 554-55 Lol ildadl
Magnetic poles of earth 556

G Aplaliall CUEY)
Magnetic quantum number 795 e
Magnetic reasonance imaging 882- 84

(mebalinall Gl paatll
Magnetic tape and discs 598

Lglalins gl il 5 3k a0

Magnetism 554- 75 Anglaliie
Magnification PO
Magnification of Lens 650- 53 Ll s
Magnification of microscope 7 09,715

oeaall) Sy Sualls juSS)Magnification of mirror

638 -39 Sal s
Magnification of Telescope 7 06-8
Dbaially) o Sl i)
Magnifier 704, 705 BroY
Magnifying glass 696, 704- 5 RSizla)
Magnifying mirror 640 uS3 8l e
Magnifying Power 705 il 3 )08
Main sequence 919, 920 o) Julas
Malus’ Law 685 ool o 538
Manhattan Project 871 Gleie g 5 e
Manometer 260 - 61 e gila
Marconi, Guglielmo 626 S50k salissa
Mars 126 - 127 Faall
Mass 9,75, 256, 744 A
Atomic mass 353, 836 L0 as
Center of mass 182- 86 AL S e
Critical mass 868 EES RS
Mass and energy 744 - 47 A s

Mirror equation, 638-39

51 yall dalae

MKS system of units, 9 (Pl las

Aol s SlS ge)

Mm Hg (unit), 261 (3355) 32 iiallia

Models, 4-5 gAsad

of particle, 19 JEREN

Moderator, 880 Loy
Modern physics, 1, (defn, 727)

Aaa oy 58

Modulation, 627

(Jad) G peall dila 8 s
Modulus, elastic, 237-38 45 _all Jalas

Molar specific heats, A-20-A-21
iyl e 5l 5
for gases, A-20—-A-21 el
of solids, A-22 Alall ol gall
Mole, 363, 364 Jse

volume of, for gas, 364 BEIINTEN
Molecular biology and electric forces,
460-62, 818-21 st ()

A (Sl esl s

Molecular mass and molecular
353 fn

weight, 353,

ol 05l A jad) ALK
Molecular rotation, 821-22

Sl gl
Molecular spectra, 821-23
ERIEN PR
Molecular speeds, 37071
Ay el Gile )
distribution of, 371 &S
Molecular vibration, 823
IR ]
Molecules, 353 fn, 812—15  <bsal)
bonding in, 812—15 PNl
in breath, 367 il 3
diatomic, A-22 o
kinetic energy of, 370 A ya Al
potential-energy diagrams for, 815-17
Al Al cilabae

spectra, 821-23 [ BAY
weak bonds between, 817-21
Gpddan )

Moment arm, 203 aoall g3
Moment, magnetic dipole, 570

(mabling (il o e

Moment of a force, 204 5l o e

Moment of inertia, 206 and ff, (defn, 207)

(<) smaill o e
Momentum, 136, 167-93 =)
angular, 213-15 s
conservation of, 170 ff Lais
of photon, 762-63 Osisill

relation of force to, 168—69- 5all 4&de

relativistic, 742-43, 747 [EE T

total, of systems of particles, 185-86
(e i (S
units of, 168 Jlasy

Monochromatic aberrations, 710-11
A sall Lolal cld) el
Monochromatic (defn), 668 )
(i) sl s solal

Moon, 109, 118, 120, 141 B
Morley, E.-W., 730 s
Moseley,H.G. J., 801 (i ga

Moseley plot, 801 i 5o lalaie

Motion: AS s

circular, 106-17 Ayl
at constant acceleration, 2644

Slie L die

damped harmonic, 298 BaalA A8l ¢

description of (kinematics), 19-71 (ple)daas

il

dynamics of, 72 ff Sl

graphical analysis of linear, 36-37 bl Julas

d

Mach, Ernst 342 Fle s i

Mach number 342 tlaax

Macroscopic 353 EBIEN

Macrostate 428 il Al

U suSle &Y slas
Mean life, 850 el Jau gia
Measurement, 2, 5-7 ok
Mechanical advantage, 89, (defn, 229)
(s p=3) A8l al) 5230400
of hydraulic lift, 260 2S5 uell dad) )1l
Mechanical energy, 149-55
LSS dills
Mechanical equivalent of heat, 385
31l SalSuall A

Mechanical waves, 300 Al ) 5aY)
Mechanics (defn), 19 S
Medical imaging, 34345, 402, 718-20,
892-96 AR
Meitner, Lise, 787, 878 oY il

Melting points, 392 (see also Change of phase (or
state)) )

(ol s gl sl ol 5301 Jalis

Mendeleev, Dmitri, 798 (s sia «—alxile

Mercury barometer, 262 85 s ke

Meson, 908, 913-14, 917 Ose
Meson exchange, 908 (Ssme JaS
Messenger-RNA, 820-21 Jls 3
Metabolism, human, 414-15

s e

Metal detector, airport, 595
(DUl ) < 3l Cails

Metallic bond, 824 iyl ddal
Metastable state, 803—4, 847
Meter (unit), 8 (33n5) Jie

Meters (electrical), 541-45
(A5heS) ekl e
Metric prefixes (multipliers), 9 (see also inside
front cover) (e Linall) 4, yiall el g5l
kel ) Jals Wyl lasl)
Metric system, 8—10 sl pUaill
MeV (see Electron volt (unit))
(3as5) 8 (45 <)
Michelson, A. A., 622-23, 684, 730
Ol
Michelson interferometer, 684, 730
dadaill ¢ sulSle uliia
Michelson-Morley experiment, 730
o - Ol & yai

Micrometer, 13 e Sl
microscopic property (defn), 353 (U ia
R nt) (e
Microphone, 598(<sa Sa) (585 Sila
capacitor, 546 pr &5
Microscope: S Sle
compound, 708-9, 715 S e
electron, 754, 768-69 Qs
interference, 716 Jals
magnification of, 709, 715-16 B
phase-contrast, 716 b - s

resolving power of, 714—15 iliais 5%

useful magnification of, 715-16 ude eSS
Microstate, 428 LYSYECYSPIRIIEN
Microwave background,

Ay 55 S0k dila
cosmic, 945-47 AT

Microwaves, 620, 945 ff = s S
Milky Way, 927-29
(Bl ) lall 48 L)
Millikan oil-drop experiment, 756
o3l skl la &y a5
Millikan, Robert A., 756, 760

S OShe
Mineral and oil exploration, 122
Lé)lé g u‘h; calasin)
Mirage, 667 (g
Mirror: B e
concave and convex, 635 ff, 639-40
Ane s s yaia

focal length of, 636, 641 (53 2l

magnifying, 640 B
parabolic, 636 (S i
plane, 633-35 b
spherical, 635-42 S8
used in telescope, 707

GsSlall 8 it

Magnetic poles, 554-55

Azl CUEY)
of carth, 556 Y
single, 555 ke
Magnetic quantum number, 795 e

Magnetic resonance imaging, 894-96
Dabaline (i) g seal
Magnetic tape and discs, 598
gl Gl il 1o 53
Magnetism, 554-75 (see also Elec tromagnetism)

(igmshlial o1y S0 Ul 1) (sbliin

Magnification: S
angular, 705, 706, 709 @)
of lens, 650-53, 704-8 Al
of magnifying glass, 704-5

55l dsall
of microscope, 709, 715 S s )Sae
of mirror, 638-39 8l yall
of telescope, 706-8 o sSalall

useful, 715-16 Lda
Magnifier, simple, 704, 705

Magnifying glass, 696, 7045

3,58 (gla)) Az
Magnifying mirror, 640 5 Sasl e
Magnifying power, 705 (see also Magnifica-
tion)

(LS W il &y ol 5 50800
Main sequence, 931 fn, 932 ff

ol Jelistl)
Malus’ law, 685 fn sl o538
Manhattan Project, 883 Gl g s e
Manometer, 260-61 sl
Marconi, Guglielmo, 626
sedlaisn o JS e
Mars, 126-27 Gl
Mass, 9, 75, 256, 744 i
atomic, 353, 836 @
center of, 182-86 J K
critical, 880 bz~
and energy, 74447 A3l g
gravitational, 938-39 JPLEN
inertial, 938 Gosab
molecular, 353 5t
of neutrinos, 912 iy i gill
nuclear, 836-38 G
of photon, 762-63 Csisall
relativistic, 74243 e
rest, 743 S
stellar luminosity and, 931
il glasyl
of Sun, 127 Geaitll
units of, 9, 75 Jlasy
Mass energy transformation, 74447
(AL S el
Mass increase, 743 ALl zaly 30
Mass number, 836 JRENCRY
Mass spectrometer (spectrograph), 572-73

(il ) S bl
Mathematical formulas (see inside back
cover)
(Al R ol il dpaly ) da
Mathematical review, A-1-A-11
Aaal) daal e
Mathematical signs and symbols (see inside front
cover) Al 5 se s il L)
kel ) Jals il
Matter, states of, 255-56, 353
GVl alall
Matter waves, 781, 788 ff
Lol 1 5aY)
Matter-dominated universe, 951
sailadl salall g3
Maxwell distribution of molecular speeds,
371
At el e jull i gusle a5 53
Maxwell, James Clerk, 371, 615 ff, 729, 730
b Guarn oJrsusSla
Maxwell’s equations, 616-17
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Newtronain mechanics 74- 135 EEPPOALNEINN
Newtron’s law of universal gravitation

117-20 plall sl 5 5 (538
Newton’s laws of motion 73-105, 168,
186 A8 jall A (g ol 8
Newton’s laws for rotational motion

206-7 Al sall S all & (55 58 ol &
Newton’s rings 680 UPTRGEEIEN
Newton’s second law for system of Particles

186 pldail S (55 5 ) 538
Newton’s synthesis ~ 127- 28 (s S S
Noble gases 799 daa e
Nodes 310.333 e
Noise 334-35 zclel)
Noncom doctor 441 Jase &
Neoconservative force 148 Alailaa je 58

No inertial reference frame 74,727, A- 16,

A-17

Nonlinear or nonohmic devices 498, 830
Gaasl Y gl AdasY il 5ol
Normal force 81 s bl
Normal lens 701 dppladiae
North pole 555 (e alad
Novae 918, 924 [LEY
Npn transistor 830- 31 npn s A
n-type semi conductor 827 —28 n- Jea e 4pl
g5
Nuclear angular momentum 838
Byl Ayl 5l & atll dpg
Nuclear binding energy 838-41
) Ly e
Nuclear collision 177 G55 palual
Nuclear fission 866- 71 55 il
Nuclear forces 128, 840- 44
L
Nuclear magnetic resonance 882- 83
(bl 555l G )
Nuclear masses 836 EEPTELS
Nuclear medicine 881- 82 G ghe
Nuclear power 431, 869- 70
EEPPELS
Nuclear radiation 849 Gsgladl
Nuclear radius 837 il s
@il
Nuclear reactions 863- 66 A5 Olelis
Nuclear reactors 866- 72 A5t Dilelia
Nuclear Spin 838 Bssh Al e
Nuclear structure 835-38 [ G55 RS 5
Bl 5l a5
Nuclear weapons testing 871
Ly sl dalu) jlaa
Nucleon 836 Ol
Nucleon number 848, 899, 902 e
OS5l
Nucleo synthesis 921-23,938
EEPPE A
Nucleus 835 85
Compound nucleus 866 A8 a8l s
Daughter nucleus [P
Parent nucleus AV

Radioactive decay of unstable nucleus
842 5 el e 4 0 (5 553 JDlaaal)

Size of nucleus 3 51 ana

Structure and properties of nucleus 835 —38
Laibad 551 5ill S 3

Nuclides 836 Gy g

Ll e s

Null result 730

Object distance 634, 638, 650
JWREET
Objective lens 706 Al hee
Observation 2 sl
Ocular lens 708 A duae
Oersted, Hans Christian 557

i) sl 5 i S yila

Ohm, Georg Simon 498 o5l Osams )5

Ohm (Unit) 498 i) o)
Ohm meter 543 Ao glaall bl 0 5eS Slea
Ohm’s law 498- 500 asl o5
Oil drop experiment 756 3l syl Ay B
Ones, H. K 510 i)

511 o s

1038l IS o

Kinematics of motion 19- 71 A8 all ket
Newton’s laws of motion 73-105
A all (A s il B
Periodic motion 287 EESTEISN
Projectile motion 54- 62 a5l 4S a
Relative motion 62- 64,726 LRTNS PSRN
Rotational motion 194- 225 ESIBPLELGES
Simple harmonic motion 287-179
Aoy 88 538 a0
Translational motion 19, 185 -86
FRETE LN
Uniform circular motion 106- 15
Lalitie i 2 48 a
Vibration motion 286- 300 450 ) a8 a
Wave motion 300- 315 A5 i a
Motional emf 590 Al S dadlas A
LRSS
Motor e
Electric motor 571-72 SLoeS d ma
Dc motor 592 el Ll Jaxy &l jaa
Motor neurons 511 LAl o e
Lnaall
Multimeter 543 2ania AL S el Slea
Gl
Multiplication factor ~ 869 < pall Jalza
Muon 899, 901 Use
Muon lepton number 899 Ol s
ol
Muscles and joints 205,234 -35
Jaalie y liac
Musical instruments ~ 330- 34 EINPRY SN
Mutual inductance 600 Jaliie Cas
Myelinated axons 513 Olae O 520
helas
Myopia 702 el s
Nagasaki 871 Sl
Natural abundances 836 dpplas i
Natural convection 397 solall deal)
bl
Natural frequency 299,310 b 2

Natural Global Positioning system 134
&) sall il alle alss

Near Earth asteroid Rendezvous 135
Y G e L
Near field 618 u b Jlae
Near Point of eye 702 Ayl Al o 3
Sl Al 5
Nearsighted eye 702 iy liae (e
ki)
Nebula 917 et
Negative 697 b
Negative charge 472 Alle sl
Neon tubes 786 sl il
Neptune 127 O
Nerves and nerve conduction 510-13
Guanll a5 e
Nervous system (human) 510- 13
Sl ) pmel )
Net force 75, 76, 84 Lasas
Neuron  511-12 Aavac A8
Neutral equilibrium 236 Jalaie gl 33l
Neutral wires 540 saulaa L
Neutrino flavor oscillation 9 00

s i sl (3K5) 3 jneall Adiall ) yia)

Neutrinos 846,900,901,938,942 Sy i s
Types of Neutrinos 899 iy i saill g1 30
Neutron 836 O Rss
Neutron in nuclear reaction 866
st deli B oy g
Neutron role in fission 866 G sl Al
G5l sy b
Neutron degeneracy 923 sl Pl
Neutron number 836 Os sl 22
Neutron star 215,918,923 axd
(s A
Neutron , Issac 19,74,106,106,117-28.,450,
666, 67 (s Gl
Neutron (Unit) 76 el Baa ) ()

Mirage 667 s
Mirror B e
Concave mirror 635 5 2ia sl e
Convex mirror 635 Lanasl e
Focal length of mirror 636, 641  3_all 53l 2l
Magnifying mirror 640 SE ) e
Parabolic mirror 636 I8 e 3l e
(e
Spherical mirror 63542 A5 S50 5
Mirror equation 638 -39 31yl dlalaa
MKS system of Units
9 Al a)je LS yie Cilaa g pla
Models  4-5 i
Models of particle PEWEN(FX O
Moderator 868 AT
Modern Physics 1,727 s oLy b
Modulation 627 Oyl
Modulation Modulus elastic 237-38
L gyl Jalo
Molar specific heat
A-20- A- 21 el jall e il 551 5l
Mole 363, 364 g e
Molecular biology and electric forces
460- 62, 818-21 JPICUIE PR W U
Al el

Molecular mass and molecular weight
353 S OJss A A

Molecular rotation 821 -22 @ Os
Molecular spectra 82123 L Gl
Molecular speeds 370 - 71 Ay Gle e
Distribution of molecular speeds 371
Lnsall eyl 555
Molecular vibration 823 hs Ol )
Molecules 353, 812- 15 Sl s
Bonding in molecules 812- 15 iy jadl Jal 3
Diatomic molecules A —22 Rk FUIL TR EN
<l Al
Kinetic energy of molecules 370

iy 3all S ja Al
Potential energy diagram for molecules

815-17 Gl jall g Al Ly labada
Weak bonds between molecules 817-21
Sl jall g ddman dayl )
Moment arm 203 aonll gl
Magnetic dipote moment 570
_..;.:L Liral) alaall @u ol
Moment of a force 204 5l o e
Moment of inertia 206, 207 Jseaill a3
Momentum 136,167 - 93
& jatll Ak
Angular momentum 213 - 15 il LS
A5 50
Momentum of photon 762 — 63 EEENEENY
05l
Relation of force to momentum 168 — 69
Sl aes sl A8
relativistic momentum 742 — 43, 747
Fppasil) & el Aok

Total momentum of system of particles
185- 86 Gilageall dakasty IS o jaill 408

Units of momentum 168 LS Qs g
& il
Monochromatic aberrations 710 - 11
05l galad cal )
Monochromatic 668 Ot salal
Moon 109, 118, 12,141 s
Morley, F. W. 730 Ale) (s
Moseley, H. G. J 801 o) b se)
Moseley plot 801 (shse lalada
Motion ECSEN
Circular motion 107- 17 A a8 ja
Motion at constant acceleration 26 — 44
Gl g i A8 )a
Description of motion (Kinematics)
19-71 Sli) 48 all oia )
Dynamics of motion 72 A8 all Kalin
Graphical analysis of linear motion ~ 36- 37

Ll 4 jall L) et
Kepler’s laws of planetary motion 125-28

Gravitational mass

926 —27 Apdlal) A
Inertial mass 926 27 Jyeadl) AL
Molecular mass 353 Ay e A
Mass of neutrinos 900 5ty 5 i) ALS
Nuclear mass 83638 EEPPEAES
Mass of photon 762 — 43 0555l A
Rest mass 743 EEP AN
Mass of sun 127 el A
Units of mass 9.75 Al las
Mass energy transformation 744 — 47
Ul LS 5
Mass increase 743 Al saly
Mass number 836 LS 2ne
Mass Spectrometer 572 — 73 A Cildae
Mathematical formula dualy ) daua
Mathematical review Al-A-11
dpaly ) dxal s
Matter 255- 56,353 sl
Matter waves 781, 788 Al Gla ge
Matter — dominated universe 939
Balall 03 gusi () <
Maxwell distribution of molecular speeds
371 Ayl e pull s susSle 5 5
Maxwell, James Clerk 371 NS s
disusle
Maxwell’s equations ~ 616- 17 JigeSle @Y alae
Mean life 850 el Jans g
Measurement 2,5-7 ld
Mechanical advantage 89 4l sl
Mechanical energy 149 - 55 A8 dills
Mechanical equivalent of heat 385
Gl Sl S
Mechanical waves 300 Al Gl se
Mechanics 19 \SilSe
Medical imaging 343 — 45,402
b apal
Melting points 392 leaiy) Lalis
Mendeleev, Dmitri 798 alaia (g e
Mercury barometer 262 &85 Fesob
Meson 896, 901- 2, 905 O30
Meson exchange
986 Cseall Jals
Messenger — RNA 820-21 RNA Jsy
Metabolism 414 sal il
Metal detector (airport) 595 &) amall i<
&) aall)
Metallic bond 824 dpvee ddayl
Metastable state 803-4, 847 3 tiue axidlla
Meter (Unit) 8 bl sasg) ia)
Meters (electrical) 54145 k3 el
4L %))
Metric prefixes (multipliers) 9
Glieliag) 4y jie Gl
Metric system 8-10 (§ e pldas
MeV (Unit) s ) e
i Bas 5))
Michelson, A. A 622 — 23, 684
i \ «Q}.AS*:
Michelson interferometer 684
Jalall Gl () pualSin Slea
Michelson —Morley Experiment 730
G5 — Osallae &y s
Micrometer 13 e Sae
Microscopic property 353 4 peae dpals
Microphone 598 Oshs e
Microscope CsSas Sae
Compound microscope 708 -9, 715
S e Sy Sae
Electron microscope 754,768 — 69
Al oS S
Microstate 428 Aoge dlls
Microwave background 933 -39
A S Ay 55 Se Aila
Microwaves 620,433 sy Sweda e
Milky way 915, 17 Al o
Millikan oil — drop experiment 756
Ol 505, 4y a3
Millikan, Robert 756, 760 Ol &gy

Mineral and oil exploration, 122
Odrall g ) Calasi)
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Principle of complementarity 765- 67 Jase
RE
Principle of correspondence 749, 779, 787
bt fae
Principle of equipartition of energy A -22 [
5 sl 28I 25 33
Principle of equivalence 926,927 e
sl
Principle of superposition 308, 334- 35
S5 fase
Principles versus laws 5 il il g8l
ac | gall
Printers ~ 462- 63 eyt
Prism 672,678 e
Prism binocular 646, 708 S plie
Al
Probability, 60 Allaial / Jlaal
Probability in nuclear physics 848
EEPPHIER U ER N
Probability in quantum machines 788,792
SIS0 b A dlaiay)
Probability in thermodynamics 428-29
Clay ) il Adlaial
Proper length 740 Culia Jsha
Proper time 736,913 lia (e
Proportion A-1,-2 Clis
Proportional limit 237 il as
Proteins 679, 718, 819- 21 Slisis
Shape of proteins 819-21 i gl JS
Synthesis of proteins ~ 819- 21 s ) s 3
Proton 836- 902 Usisn
Proton decay 909 Plaal
0555l
Proton — proton cycle 873 — O R
O R
Proto star 921 EDERrs
Pseudo force A-17 a8y 8
PT. diagrams 372-73 Ay cllabis
550yl da o g duaall
Ptolemy 3 Aladl ) ) s ganllay
0 saillay)
Pulley 89 5%
Pulsar 923 oals
Pulse 301 Aad
Pulse induction 595 (o da
Pulsed laser 805 a8
Pulse — echo technique 343- 44 il 4
sualls
Pumps 278-79 Slaas
Pupil 701 ol s
PV diagrams 372 Ay Sllalads
axall g laaall
Pythagorean theorem 50, A-8 BT EEPLY
Q-factor in resonant circuit 614, 615
Gy sl Azl dale
Quadratic formula 34,35, A-6 Ay
Quality of sound 334-35 Gsaall 8352
Quantities 10 R
Quantization 443 LSl paeSs
Quantization of angular momentum
773 sl 0 el 48 eSS
Quantization of electric change 443
2l ) Rl e
Quantization of energy 756, 758, 795
Al aress
Quantum ehromodynamics 897, 906, - 8
Laal o5l Sl
Quantum condition 773, 780- 81
oSkt
Quantum electrodynamics 896
A Sl 5 Sl
Quantum mechanics 781, 786, - 834
oS Sl
Quantum mechanies of atoms 786- 807
R RN TN TN

Quantum mechanics of molecules and solids
813- 31 Aol 3 pall 5 i oS S
Quantum numbers 758,773,794 - 97

AaaS dlac

Pn junction 857 Pnilas
Pn junction diode 828-30  oelaie S plaa
Cakadl)
Pn junction laser 805 Pnilajs 53 )5
Cmbadl) dulaia
Pnp tranistor 830, 831 Pnp st 3158
Point charge 446 Ak Ak
Field of a point change 451 sl Jlaw
Akl
Potential of a point change 476- 79
Adaail) i) aga
Poise (Unit) 272 532 5) s
Poiseuille’s equation ~ 275- 76 Ol 3y 5 e
Poisson, Simeon 673 O35 Oyam
Polar molecules 441, 480, 815
hibae o(s 5
Polarization 684- 87 il
Direction of polarization 684 — 87
bl s g
Polarization 685 i
Polarizing angle 687 Syl Ay 5
Jalsli
Polaroid ~ 685- 86 i slie
Poles, magnetic 554-55 Gpnlalisne il
Pollution  430-31 &gl
Positive holes 827 dn ge
Positron  764- 65, 846 U )
Positron emission tomography 882
Gl Slagly aall y eatl)
Potential difference 471 e 38
Potential drop 500 SR
Potential energy 144- 289 s il
Elastic potential energy 147, 289
Ay pall g dila
Electric potential energy 170- 71
AL S s Al
Gravitational potential energy 144- 45

apilall g s Gl
Potential energy diagram for molecules

814- 16, 823 s Bl iy Ll
iy jall
Potential energy diagram for nucleus

855 B 5ill g A8l iy alada
Pound (Unit) 76 ok Baa ) 2 5l)
Power 158 A 3,08
Power factor 607 5,3l Jale
Power generation 430- 31 Al a5
Power of lens 648 Auaall 5 )0
Power plants 431,592 2l cllase
aaldall

Power reactor 869- 70, 874 — 75
aalds Jelia
Power transmission 584, 595- 97 Jsi
50l
Powers of ten 8,A-3 b e a8l 5 8
Pointing vector 624 iy g 4nie
Precision 5 ad
Prefixes 9 sy
Presbyopia 702 Al ey
Pressure cooker 375 Lzl nik
pressure 257 Lia
Absolute pressure 259 Gllas barn
Atmospheric pressure 259, 261 EE- R
Blood pressure 279 pdll laaia
Pressure gauge 259 eliie Jshae
Lasall
Hydraulic pressure 260 SSlsoue bia
Pressure measurement 260- 62 Ll (uld
Partial pressure 257-261 el Cilas g
Lasall
Vapor pressure 374 D ks
Pressure head 258 Al bzl e

L 2l 3 g Jarall e daals
2 K o

Pressure waves 324 hiiads ge
Prestressed concrete 242 Aanae Al A

Ay
Primary coils 595 Al ke
Principal axis 636 ) ) saa
Principal quantum number 773-794 2=

Period of circular motion 108 3l
i i 38l
Period of planets 125 SIS s 50
Period of rotation 200 Oosdls B
Period of vibration 287,288,292-93
BB Px]
Period of wave 302 A all 320
Periodic motion 287 EEBTELS
Periodic table 798- 800 s sl
Peripheral nervous system 511
el aeand padl
Permanent magnet 574 i1 (ulalina
Permeability 564 A
Magnetic permeability 574 Lpulaliall 40al)
Permittivity 445, 482 Aaalan
Perturbations 127 Gl
Phase 603 sk
Phase in Ac-circuits ~ 603- 7 Sl A ghll
23 yiall Ll
Phase of matter 256, 353 salall Al
Phase angle 607 skl 4l
Phase diagram 606- 7 e bhas
skl
Phase plate 716 skl dsdia
Phase transition 317-73,391-92
skl Jsas
Phase- contrast microscope 716
Dbl s S5 Saa
Phasor diagram 606- 7 (Sl labade
SIS
Phons (Unit) 328 3)lga Basg) O 8)
Phosphor 856 Dshud
Phosphorescence 802-3 (S (ana g
Photino 910 o ) sk )
Photo cathode 856 (S DS
Photocell 759 ifsadda
Photocopy machine 451, 462- 63 al
PSP
Photo diode 762, 830 5 S lea
Photoelectric effect ~ 758- 61 5_alall
A gan g el
Photographic emulsion 857 Glaii,
Sle s
Photo multiplier tube 856 oLl
sl
Photon 758-62, 775, 787- 88 Usish
Absorption of photon sl (alaial

Energy, mass and momentum of photon

762- 63 A€ 5 ATl 5 ) 58 58l A el ALl
Virtual photon 896 ) ) 58
Photon exchange 896 Osisall Jalg
Photon inter action 764- 65 Ol eolels
Photon theory of light 758- 61 BET-ESS]
¢ suall
Photosynthesis 763 (o all Jiall
Photovoltaic cell 431 A s il @ Aga
Piano 14,377 sy
Pion 897,01, 902 Oy
Pitch of a sound 323 [C=HEESY
& guall
Pixel 688- 89, 720 B3 5) JaSy)
Planck, Max 756- 58 B (Sl
Planck’s constant 758,791 AL el
Planck’s quantum hypothesis 756- 58

LaSl) M il

Plane geometry A-7T,A-8 A siase daip
Plane waves 308, 618- 19

Apia Gl 5
Plane polarized light 684 bl ¢ ga
Planetary motion 125-28 LSS A
Plasma 256, 875 L3k
Plastic region 237 Alall) dglaia
Plate tectonics 267 sl hdada
Plugs 540 ol
Plumb line 35 PR EEN
Pluto 127 Ssh
Plutonium 866, 869, 870, 871 psssish

Open eircuit 496 Aa gl sl
Open tube 332 z it sl
Operating temperatures 416
Jaril) 3 ) s sy
Operational definition 10 shes iy as
Openheimer, J. Robert 871 el s
Optical coating 682 e
Optical illusions 643 G glai
Optical instruments 696~ 725 LEpNE SN
Optical pumping 804 S fuia
Optical tweezer 626 o bl
Optics 632- 56 Sl peadl ple
Orbital quantum number 794 FRYS
$e S
Order and disorder 424,426 A gdie 5 s i

Order of magnitude and rapid estimating

12- 14 o) il g )il dg
Organ pipe 333- 34 oY) sl
Orthodontia 227 JEER PP
Oscillations 287 &) el
Oscillator 608 L0 A e / dde
Oscilloscope 485 - 86 LA ol
Over exposure 698 L jia i
o pual
Overflow 359 Ohad
Overtones 310, 311, 330, 332 Aasd) ¢ claid
p-type semiconductor 827- 28 P- Joago 4
g5
Pacemaker 538- 600 Qlall cilay gl
Page 13 daia
Thickness of a page 13 Andia dlan
Pair production 764- 65 z)s ¥zl
Parabola (projectile) 62 ) (AlSa adad
Cagiiall anall)
Parabolic mirror 636 J&E e sl e
A o
Parallax ~ 924- 25 o e b alls i
St
Parallel circuits 506, 522 @)l @bl
Parallel ogram method of adding vectors 48
Cleaial gaad £ 3RV (5 3l sie 4 5k
Parallel circuits 482 5 ) s gl 5a
RSP
Paramag netism 574 Aaliaa Hb
Pracial rays 636 i) ge Al
Jsaall
Parent nucleus 842 23151 5l
Parsec 925 (oo G B
Partial pressure 375 T
Particle accelerators ~ 890- 95 praall e e
Particle classification  901-2 O s
Particle 167 p
Particle detectors 830 amall Call S
Particle exchange 895-97 amaal) Jals
Particle interactions 898 arall Jels
Particle model 19 FEWEN RPN
Particles physics 889-910  lepeallclyé
Particle resonance 902 sl (4
Pascal, Blaise 257,260 S Jely)
Pascal (Unit) Bas ) JWSuly
wild)
Pascal’s principle 260 DSl fase (il
Paschen series 772, 776- 77
b Al s
Pauli exclusion principle 797- 98, 799

Sl i) s

Pauli, Wolfgang 787,797, 846

Sk ksl
Peak current 507 55 s
Peak voltage 506- 7 EEBREIES
Peaks, world’s tallest  10- 11 Allal) aad e
Pendulum, ballistic 178-79 &8 Jsan
Pendulum, simple 296- 97 Lo Jsan
Percent uncertainty 6 (o A saall Al
A8l axe

Perfect cosmological principle 933
) S sl
Perfume atomizer 272 Dbl 33 50
Period Ba cb_yid

£

Cagd 52|



s s o)l e

Salam,A 907 ol due) e 3l)

Satellite ~ 122-23 oelia
Saturated vapor pressure 374

e Ay b

Saturation (magretic) 575 (bl gali

Sawtooth voltage 537 Dbt e Al 8

Scalars 45,46 Al S

Scales, Musical 329 (s sa N
* Scanning electron microscope 768

(o2 sSa s Saall 5 S e

Scattering of light 690 ¢ saall s

Schrodinger, Erwin

754,787 sl aitgsh
Schwann Cells 511 Oles LA
Schwarzchild radius 929 S)sd ki Caial
Science, nature of 1-3 alall 4l
Scintillation counter 856 Uil alae
Scintillator 856 saley
Seasons 402 J st
Second harmonic 311,332 ki il

Second law of thermodynamics ~ 415-16,424-29
)l el 3 8 ¢ 5330
Clausius Statement of second law of the on

dynanics  416-422 & S OGN a5 IS i
(Sl
Statistical interpretahion of second law of ther-
modynamics 428-29 &Sl ol
Al Al el
Second (unit) 9 B 5) 405)
Secondary Coils 595 455 clile
Seesaw, balancing 230-31 O ¢ Aa
Seismograph 598-99 il bl e sa jam
Jtl
Selection rule 797,822,823

Dlial sacld
Selenium 462 G Y paie) ol

Self-Sustaining chain reaction 867-68

aghaal i3 Juliie Jelis
442,498,502,826,827-31

Jaseans
Alaseapd 318
SR PRI N

Semiconductor

Semiconductor chips 11
Semiconductor detector857

Semiconductor diode  828-30 4l S plaa
dage
Semiconductor doping 827-28
Sensitivity of meters 543 [SYNETRIS
Sl o
Sensory neurons 511 A dguae L3S
Series Circuits 522,532-34 sl
Shear modulus 238,240 saill dalas
Shear Stress 239-40 [SEURIFEN
Shells, atomic
798-99 i)
Shielding, electrical ~ 457 oS s
SHM (Simple harmonic motion) 287-97
Uy 4881 5338 o
Shock abosorbers 289,298 Glevall aias
Shock waves 342-43 eda Cla 9o
Shoot-range force 841 G le st
i
Shunt resistor 542 SOV 5 pslia
Shutter speed 698 Slall de
SI. Units  8-10,76 sl aldaill clas 5 ST
Sivert (unit) 878 Baa 5) S s
Sl LKA Aoyl 5
Significant figures 6-7,A-3 4 sinall A8 Y1
Silicon 826,827 SOBY paic) o sSly)
Simple harmonicoscillator 289
Ly B 55 ke
Simple pendulum 296-97 Japy Jab
Simultaneity 731-33 el A

Single photon emission tomography

881-82 055l Slaily o lalY) Aadall ) pasll
Single-Slit diffraction 673-57 G Aol 53 0 o

(éa\al
Sinusoidal Curve 294 e Sade
Siphon 280 O
Skater, rotating 214 EENENII BTN
Skidding of car 113 B kel 3Y 33

531 s g

Remote control 628 a3 e oSl
Resistance 498- 500 iaglia
Internal resistance 521 1800 4 slaa
Resistance thermometer 502

Lo sliall 535 jadl sy uliia
Resistivity 500- 502 Ao il A glaall dpa slaall
Temperature coefficient of resistivity

502 L sliall (5 el Jalall
Resistors ~ 498- 500 Sl slie
Resistors in ac circuit 603 Bl (& Sl glia
2 e s
Resistors with capacitors 535-37
lasd g0 e ilaslia
Resistors and Kirchhoft’s rules 529
ol yS Uaeld 5 e glaa
Resistors in series and parallel 522-28/

@l sl e e sliall Jaa s
Resolution 711-13 G ¢ Jalas
Resolution of electronmicroscope 768
YN S Kl dpllail) 5 )
Resoluhon of highenergy accelerators

890-91 Hlad) 2L e s a5 08l
Resoluhon of lens 711-13 Alilaill 5 sl
Aaall
Resolution of telescope 714-15 Abdall s 08l
< sSulill
Resolution of vector ~ 49-53 Slgaidl Jalas
Resolving power 714 Jalaill 3,08
Resonance 299m310-12,780 [S2i5)
Resorance in ac circuits680 il A oy
2 e s

Resonance of elementary particle 902
SV el iy
Resonant collapse 299 Ol el

Resonant frequency 299,310 <608

il 23
Resources, energy 431 Al o) 5
Rest energy 744 OsSadl Al
Rest mass 743 OsSad) A1
Resultant vetor 46-48 Jeans ania
Retina 701 Crall) A505)
Reverse biased diode 828 Dlade AU lea
LSe
Reversible process 419 A Se Alee
Rifle recoil 172 Ao ol )
Right hand rule 215m527-58
i) ) 52c
Rigid body 194 Gla aua
Ripple roltage 834 5 >
Roclc climbing 102,105 siall Blus
Rocket 78-79,172,186 B
Roentgen (unit) 877 Baa g) Oadiy))
Roller coaster 157 EELTIEN A
A a2 g L8 (5 a0 A pala s Andl 3
Rolling ~ 202-3 EE
Friction and rolling 90,211-12 4 2, dllKial
Root-mean-square (rms) 370
gl b gie jia
Root
A-2 BES
Rope 105 des
Rotation 200 O
Frequency of rotation 200 Ol

Rotational angular momentum quamtum number

822 Al gall 4y g 31 & jail) desd wﬂl 22al)
Rotational axis 206 s Hsma
Rotational inertia 206-8 S peaill
Sl

Rotational Kinetic energy 210-13
Al sall 48 all A8k
Rotational motion 194-225 Ayl )50 AS e
Rotational transitions 822-23 Al 52 e
Rotor 571,593 52 sac
Ruby Laser 804 gl ol
Runway, airport 27 B FE
Ruther Ford, Ernest 770,842 )i a8 3,
Rutherford’s model of the atom 770,772-73
(BRIEPESLPTAT
Rydberg constant 772 oyl
Safety factor 241 Y dale

Sailboat and Bernoulli’s principle 273

elady) L) G

Radioactivity, natural 878 (e lad) Lalis
o
Radio nuclides 877 Al iyl
Radon 878 e gile paic) os3l))
Rainbow 672 TR oa ) okl s )
Range of projectile ~ 60- 61 [ PAA AN
Rapid transit 42 g Jla
Rare- earth solid — state laser 805
Lol Alal) 5
Rarefaction 303, 324 NEN
Rate of decay 848-51 Plaaza¥) Jas
Ray 308, 632 glas
Ray diagramming 637 (e Jaylass
Ray model of light 632 oladi zasa
s suall
Ray tracing 647- 50 g ladl) olas)
Rayleigh criterion 712,713 o e
RBF 878 RN P
RC Circuit 535- 38 RC &)
Reactance 603-5 Alelia
Reaction energy 864 Jelall dal
Reactions ST
Critical reactions 869 das el
Nuclear reactions 863- 66 A5 Oilelis
Reactor  866- 75 G558 delia
Real image 634, 637, 649 At )pa
Receivers 628 Jusial e
Recoil 172 i)
Recording head 598 i Gl
Rectifiers 829 a58a
Red giants 9,8,920,922 BYSUN ) FS
Red shift  341-42,925930-33  es¥) saizli
Reference frames 20-21, 62,74
RERA|
Reflection Sl
Angle of reflection 308, 633 BRSPS
Law of reflection 3058, 633 SVl o 58
Reflection of light 633, 645 s goall ulSail
Phase change during reflection 6 80- 681
ERCIENIRE: PFERRTPEL
Total internal reflection 6 45-46
Sah S GulSail
Reflection of water waves 3 07,308

slall Cila s ulSail
Reflection of waves on a string 3 07

O 3 il sall il
Reflection grating 676 SV 5 e
Reflector 633 oSle
Refraction 666- 67 ksl
Angle of refraction  312- 643 BISMESTE!
Refraction of earthquake waves 304
A1 s sall L)
Index of refraction 642, 672 B FEMEDY
Law of refraction 313, 643- 44, 666- 67
DS o 8
Refraction of light 642 ¢ suall LSl
Refraction by thin lenses 647- 50
438 ) Clwae dbals g lusil
Refraction of water waves 312-13

elall Cila 50 Ll
Refrigerator 421-23 28 Sl Al
Reinforced concrete 242 Aalacdilaja
Relative biological effectiveness (RBE)
878 ol aslgd) 3

Relative humidity 375-76 Apidysh,
Relative motion 62- 64,726 EEINEPINGEN
Relative velocity 62- 64, 748 A de yu
Relativity: 727 Al
General theory of relativity 914, 926- 29
Aalad) dpual) 4 ylas

Principle of relativity ~ 728, 730, 731 (RN
Al

Special theory of relativity 726- 49, 926

Lalal) Ll 4y s

Relay 577
Rem (Unit) 878

@\:\A nﬂ;)a
lfsag) )
el Gyl e _all)

Quntum theory 727, 754- 834

IO
Early quantum theory 754- 81 35Sl oSl 4, )l

Quantum theory of light 758- 61
¢ puall oSI) 4 plas
Quarks  445,889,890,904,910 RSP
Quasars 918 asail) g 1 )31 S
q- value 843, 864 Jelall g- 4a8
Rad (Unit) 877 dc yall uldsas g
Laiaall Felay)
Radar 341,345 BINB)
Radial acceleration 107 olail g s
kil
Radian 195 Akl Caaidysl )
Radiation biology 880- 81 slall ole
=iy
Radiation damge 876 glady) )zl
el Calil)
Radiation dosimetry ~ 877- 79 Sle jall pabie
Ll
Radiation era 938 glaly) dds
Radiation fields 618 =l dlae
Radiation film badge 878 osbeal) oLl 5 LS
glaly
Radiation pressure 625-26 gliy) b
Radiation sickness 878-79 0= pali e
glaiy)
Radiation therapy 880 iyl 23l

Radiation from human body 400
Sasi¥) pusn o g lay)

Infrared radiation 399 (Slelad) (AeY)
ol yaall cuas

Net flow rate radiation 400 Silall sl
gLty Jaad

Radiation from sun 401, 402 e Glelad)
el

Thermal radiation 399-402 oAl glady

Radiation, electromagnetic
(Bmdalins 5 oS lelad) (i)

Blackbody radiation ~ 756- 58 ) g let)

25

Gamma radiation 847 Lol cileled)
Radiation from hot bodies 756- 57

Aalul) pluall e plas)

Microwave radiation 620 g5 )Sae gl

Synchrotron radiation 893 O35 80 ¢l

UV- recitation 620, 671 B8 clelad)

Radiation, nuclear (gl (Rt

$95

Activity of radiation 849, 851, 877

o= laiy) LLaall) Lo ley) 521

Alpha radiation 842- 44, 848
Wl clelas)
Beta radiation 842, 845- 47
Measurement of radiation 877-79
gLt s
Medical uses of radiation
lelei Ak YLt
Types of radiation 848 Cleleiy) ) il
Radiation — dominated universe 938
Clelai) 0350 5
Radio 626- 28 éu Yol
Radio control 628 Sha Y oSas
Radio waves 620 EYLUB\ NG ENPY
Transmission of radio waves 626
sl Gl g Jla )
Radioactive dating
853-55 Tadiall jealially g s
Radioactive decay 842-55  elad) Plaaal
Radioactive decay constant 848
=Y Plaea¥l s
Radioactive decay law 849 Plaeall 518
Gr_LuZY\
Radioactive decay series 852-53
ety Plaem dudl
Radioactive fallout 871 el L) Ll
Radioactive tracer 880, 881 ) plall aaall



spectrum of sun

el Al juaa 873 Energy source
of sun
el S 127 mass of sun
el (e il g By 401 Radiation
from sun
seelll 2 ) a5 960 Sunset, color
of
ABlac Claans 918 Super cluster
Alia gall A83l4 510 Super conduc-
tivity
Aaudlagd 373 Super fluidity
Us pes 941, 925,24-923,918 Supernova
il fase Superposition, principle of
il a jia ol 58 376 Super satu-
rated air
igpa B8 4c yu 43-342 Supersonic
speed
Al s gV Hlas 910 Super string
theory
Jiladll 33\
910 Super symmetry
il Al 935 Surface of last
scattering
bl gl 78-276 Surface ten-
sion
Lk 7l 5el 305 Surface waves
abll gl aila 227 Surfactants
Jilal) 45 Cilasas 910 SUSYs
Jila 37-936, 910, 453, 34, 13
Symmetry
Jiladll Jledl 37- 936, 908 Symmetry
breaking
Aanaal) LAY el 511 Synapse
O35S 5 S0 893 Synchrocyclo-
tron
G Siull plad) 94-893 Synchrotron
radiation
s 408, 388, 171 System
Glaealsi 409« 388 Closed system
Jsime ol 89-388, 72-171 Isolated
system
s allai 414,388 Open system
Slas ) alas 10-8 System of units
GQlall bl Jazaca 279 Systolic pres-
sore
ke g s 198« 14-113
Tangential acceleration
ikl 359 Tank overflow
Rl Jaesdl Gl 598 Tape recorder
head
O ay s 277 Teeth, straightening
i jia y geal dude 701 Telephoto
Lens
JUaie) G Suli) 8-706 Tele scope
S jUaia) SISl 7-706 Astronomical
telescope

Sshlls jaie) sllls G Suli) 708

Galilean telescope

0SS Sls 707 Magnification telescope
oSle G Sl 706 Reflecting
telescope

dilaill e o Sulill s 58 15-714 Resolution
telescope

el Sl 708 Terrestrial
telescope

Ul 28-626, 86-485, 473 Television
syallds 5 352 Temperature
Qallaall 3,0 yall ds ja Absolute
temperature

a3 ads Body tempera-
ture

o)l a As 2 63-362, 56-355
Celsius temperature

Lo alls el da

510, 372 Critical temperature
TET S BIBCE S 574 Curie tempera-
ture

Culed ped Bl a a2 56-355 Fahernheit
temperature

Standing waves 310-12,329-34

5 _fle Gl se

Star Clusters 917 (e 3 sfic
Tand Clann))

Stars 915-18 oo
Collapse of Stars 215 asnill el
Evolution of stars 918-24 sl sl
Radius of stars 402 poaill Hhad Caal
Source of energy of stars 873, 922-23
JURE IR

Types of stars 925 b sl

Statcoulomb (unit) 445 B3 g) a gl sS i

Aty Iy Aia) FueS)

State: Al
Changes of State 371-73,391-92
Alad) &l s
Equation of state 361,364 Al alaa
Equilibrium state 361 o) s
State of matter 255-56, 353
salal) dlls
State variables 409 EUENIRUNPEL
Static electricity 440-41 sl el eS
Static friction 90,91-92, 211-12
(S IS
Static rope 105 Sl s
Statics 226-55 il S
Stationary State in atom 773
31 ) il Alls
Statistics and entropy  428-29 sbaall ale
Y
Stator 593 e A il e all oSl
Jsna
Steady — State modle of universe 933
OsSl) il Alla 3 e
Steam engine
416-17,420 [EBENIT BN
Steam power plants 431 5l e
EEp RN
Stefan — Boltzmann constant 399
Oha3ls — s
Stefan — Boltzmann Law 399,919
Ole 35 — s (518
Stellar evolution 918-24 aail) alis
Stellar fusion 873 aaill zlox)
Step-down transformer 596 Al il Jads Jgna
Step — up transformer 596 Al gl ad ) J e
Stereo broadcasting FM 627
23511 (paail davas 413
Stimulated emission 803 e il
Stopping potential 759 [EETNIINPEN
Storage rings 894 Oooaal clals
STP 364 Okl Tl 551 all da
Strain 237-41 Jlas)
Strange particles 903,904 Ay e Slapua
Strangeness903 ol e
Strassmann, Fritz 866 SR8 (Ol i
Streamline Flow 268 il Ol >
Stress Aeal
Compressive stress
239-40 Ll s
Shear Stress 239-40 R VEN]
Tensile Stress 239-40 23l dlea)
sl el 361 Thermal stress
DY Ak 910 String theory
ALyl 335,31-330 Stringed
instruments
Ll ) yial 34-329, 12-310 Strings,
vibrating
sy 330, 311 Piano
Lk, 817 Strong bonds

Bty sis 910-895, 865, 840, 128
Strong nuclear force
Strongly
interacting particles
(09) an Y ASlall Ala e salall Jsad 1 alisil) 3 alla

5 Jeld Clapus 901

A5l 800, 99-798 Sublimation

Subshell, atomic
pabaial (pae 262 Suction
addll Sun
el (aliaisl (il 768 Absorption

Specitic gravity 256 Ao gdnia
Specific heat 3 87,A-20.A-21

LT BB

Specific heat of gases 388 e gill 3 ) all

Gl el

Spectrometer alall (alia

Light spectrometer ~ 678-79 alall (il

=l

Mass spectrometer 57273 alall (il

QJ‘SSH

Spectroscope 678-79 ililae

Sy FiSa

Spectroscopy 678-79 ahall ale

Spectrum 377 b

Absorption spectrum  679,771-72  (abaia¥) ik

Atomic spectrum 771-73 P b

Band spectrum 821 R b

Black body spectrum ~ 756-58  su¥) auall il

Continuous Spectrum 678, 757 e il

Electromagnetic spectrum 619-22

(bt g oS il

Emission spectrum

771 el il

Spectrum emitted by gases 678,771-73
Spectrum emitted by hot bodies ~ 756-57

Ll sl Al 5y Cania Caida

Line spectrum 678-79, 771
Molecular spectrum
821-23 sk
Spectrum of selected elements 678,771-73
8l jualic Caha
Visible light spectrum  671-73 o sall ok
ol
X-ray spectrum 800-802 EER AN
i
Specular reflection
633 55l e il
Speed 20 Aauld Ao ju
Average speed 21 Ao yudl bass sia
Al all
Speed of EM Waves 619 Gl gall A s
Lpulalina 5 ,e<l)
Speed of Light 8,619, 622-23, 729-31,
743 SPRAE P
Mean speed of molecules 370
Gl jall de o gia
Molecular speed 370-71 iy jall de e
Relative speed 179 Apnide
Speed of sound 323 Ggeall de s
Super sonic speed 342-43 iga Bshde pu
Ultimate speed 743 S yalie ju
Speed of wave 302,304 dasall ey
Spherical aberration 636,710 G S ED
Spin, electron 574,795,882
S5 S A jae
Spin quantum number 795 e (oS 230
Spider web 293 G Sl 4SS
Spin — echo technique 884 Gall
el
Spiral galxy 914 Aglasymae
Spring 287,289-93 s
Spring equation 147,237,287
ERREUEIEI
Spring scale 73 SO Ol
Spring vibration (see Vibrations)
a3l 3 )
Spyglass 708 i
Squark
910 Jilal) g3 dJl}S
Squire, Sir John 929 s> e e S
Stable equilibrium 236 Sse ) 5
Standard Conditions 364 A ke g
Standard model: ke zisad
Cosmology 936 gkl 73 sl
s
Elementary particles  890,907-8 s bl g3l
A05Y) Clapnll
Standards and units 8-10 Clas il 5 ulaal)

elaadl ()51
L 35

Sky, Color of 690
Slepton 910

Slingshot 193 & Sliay ey
Sloan digital sky survey 942
el sl e
Slope 36 sl cJae
Slow neutron reaction 864 s s delis
s
Slug (unit) 76 Al & ATl s ) eluddl
Sl
Smoke detector 844 oaall il
Snell, Willebrord 643 5ok Jin
Snell’s Law
642-44 Jie 058
Soap bubbles
679,682 Uslba piled
Society of Automotive Engineers
275 Gl ) asige Aman
Sodium Chloride 814,817,824
psisall 3
Solar Cell 431,830 EENEREUIEN
Solar Constant 401 el il
Solar energy 401-2,430,431
PR EEIN
Solar heating 431 el Gl
Solenoid 567 « 569 st il
Solenoid inductance 601 sl Cald) Ea
Solids 255,353 < 824-26,A-22 s ¢ ba
Band theory of Solids  825-26 Loyl &y ks
Alall o sall 3 (a3l
Bonding in Solids 824 3 gall Lol 3
PRI
Energy Levels in solids 825-26 Al il s
bl 2 sall
Equipartition of energy for solids A-22

Aleall 3 gl b 5 ghoily G0 &5 33

Molar specific heats of solids A 22
Lloall o) sall dgal 3l e sil) 5 ) yall
Solid state physics 824-26 Alall ey 3
ilall
Solving for Unknowns A-4, A-5 Al da
Jaladl
Somatic damage 876 Gl ) pa
Sonar 343,343 Gaally jaw Slea lise
Sonicboom 34243 Gisall jlaa 31 ) 50
Sonograms 343 e slall
Sound and Sound waves 322-45
Al 5 5 1 gl
Doppler Shift of Sound waves 338-42
45 peall s gall 04l 5
Interferance of Sound 334-37 Gl se Jals
& gaaall
Quality of Soond 334-35 G geall 835
Soorce of Sound 329 & geall Hras
Speed of Soond 323 Gsaall e
Sound barrier 342 Ggeall Hlaa
Sound Spectrum 335 (Siya i
Sound System
598-99 (Sima pllad
Sound track 762 Ggall 7 2
Sounding board 331 Gtz
Sounding box 331 UL Bdia
Source
520 Dl
Source activity 877 Dvadll 30
South pole 555 (st bl
Space sliad
Curvature of Space 926-29,939 sluadll ¢ling)
Interference in space  335-36 sladll & Jalx
Space perception using Sound waves
304 gaall il g Al gy eLaill &l )
Space travel 373 sladll ye Haud)
Space — time 742,927 USa— ol
Special theory of relativity 726-49, 926

Aealal) il &l
Impact of special theory of relativity
748-49 Lalall dpall 4 ks il
Postulates of special theory of relativity
730-31 Aalall 4 ks a4

Gy 544



gsle S 904 Upquark
sl sl

Uranium

Gl sl sall aladiad

858 Uranium in dating
Cradaastl s 868 Enriched
uranium

sl sl jUadsl 866-71 Fission of
uranium

CBlelid) o sl ) sl 866-71 Uranium in
reactors

e S 715-16 Useful Magnification
Anndidl) (568 2aY 620-671 uv

&biiaa. 278
AL (2 <) Gl 825

Vacuum pump
Valence band

Jé L gl sy da s 817-21 Van der Waals

bonds and force
B 372 Vapor
ol lia 374 Vapor Pressure
Als )l s 392 Vaporization, heat of

Variable stars
Variable, state

Bmieasad 925
sl dla 409

4aie Jlase

454 Vector Field

ignie s f

84, 447 Vector forces
Dleaie 20, 45-53, 84, 85, 447, 49

Vectors

Cleaid) g 46,447-49  Addition of

vectors

lgaidl GULS ja 49-53 Components

of vectors

Slgaiall Jalas 49-53 Resolution of

vectors

Ghane aaic 46-48 Resultant vectors

Clgaidl 7 5k 48-49 Subtraction of

vectors

axiallde yu 21-23 Velocity

e jull e 62-64, 748 Addition of velocities

Aglyde e 196, 215-16 Angular

Velocity

de yull b 5ia21-22 Average velocity

Al de e 509 Drift velocity

Lpbalic yu 23
¢ guall de

Instantaneous velocity
619, 622- 23, 729-31, 743

Velocity of light

Bl all A pn eidle s L sl de 5l 3 70
Molecular velocity, and relation to temperature
fawide ju 62-64, 748 Relative velocity
Gt de pud) gen 748 Relativistic
addition of velocity
Ao pull e 572-73 Velocity selector
Ll 81 5l Yigall Aoy 295 Velocity of
simple harmonic oscillator
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