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of hydrogen, 367 P
Atomic mass number, 836
@A S sl
Atomic mass unit, 9, 353, 837,
838
Atomic number, 797, 836
Lé)ﬂ‘ 22l

determined from X-ray Ao iU 13asa

analysis, 800-802

Atomic spectra, 771-73 A ,0 ikl

fine structure of, 786, 795
Gl S il
Atomic structure: @M s il
Bohr model of, 773-79 SAsipisa
of complex atoms, 797-98 A pall el
Badaall)

early models of, 769-70

P R O

of hydrogen atoms, 771-85,794-97 & sonell 504

quantum mechanics of,786-807 S Sl
shells and subshells of, 798-99, 800 (a5 <l yiall
&yl
Atomic theory, 352-54, 769-81 A Ay il
(see also Atom;Atomic structure; Kinetic
theory) oA il 55yl
Atomic weight, 353 fn oM oS
Atomizer, 272 Flaall
ATP, 817
Attack angle, of wing, 272-73
clallcasagl 4505
Atwood machine, 88, 221 pr i
2543
Audible range, 323 el sadl)
Aurora borealis, 563 el
Autofocusing camera, 324
Sl A1 5yl

Autoradiography, 892-93
Y ey sl
Average angular acceleration,197
Lo il g5 W g il
Average angular velocity, 196
s siall dy 51 50 e )
Average speed, 21 Ao giall de )
Avogadro,Amedeo, 366 s s sl sl
Avogadro’s hypothesis, 366-67

Avogadro’s number, 366-67

sl gl aae

Axis of lens, 647 Audall Hsna
Axis of rotation, 195 Sosdl) s
forces tilting, 206 ol 58 A xon, 511-13
Apaall 4801l ) gna

Back emf, 593-94 Axal,dadlas @

Back, forces in, 234-35 LEENBYER
Back pain, 234 ek alf

Background radiation, cosmic
s s Sae 6558 Alall pla)
microwave, 945-47

Balance, 236 Ol e

Ballistic pendulum, 178-79 3% s

Balmer formula, 772, 776 <k dapa

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

el Al

Band gap, 825 Aaall 5 gad

Band spectra, 821 L jall Gkl

Band theory, of solids, 825-26
ALall o) gall A 3all Ayl
Banking of curves, 112-15

bl Ciliinia
Bar codes, 806 BREPENS
Bar (unit), 259, 261 (35) b
Barometer, 260-62 el
Baryon number and its Ok e
conservation, 911, 914
Baryons, 911, 914, 916, 917 il gl
quark theory, 916, 917 Sl S A Hlas
Base bias voltage, 830 sacldll aga

Base, of transistor, 830-31

in stars, 936 asadll G g5l a3l
Angular quantities, 195-200,215-16
gl el
vector, nature of, 215-16 Lalas¥) dapdal)
)50 st
Angular velocity, 196 ff, 215-16
gl 3l de )
linear velocity and, 197, 199
Aghdllde yul
Annihilation, 765, 949 elid
Anode, 485, 754, 755 LESOEN
Antenna, 615, 621, 626, 627-28
Sl
Anthropic principle, 955 [E
il @il
Antilock brakes, 113 JUY) axe il <
Antimatter, 921, 923 pr saldl aa
Antineutrino, 846 s sl ya
Antinodes, 310, 333
Antiparticle, 846, 910 [EVEN| VIV
Antiproton, 910 055l v
Antiquark, 916-17 EB PRy
Apparent brightness, 930-31,937
é_)hl.u\ Gl
Apparent weight, 265 sl o550
Apparent weightlessness,124-25
Approximate calculations,12-14
A )8 Gllea
Arabidopsis thaliana, 881
Arago, Francois, 673 el sl
Arches, 243-45 ol 8l
Archimedes, 263, 265 Caed
Archimedes’ principle, 255,263-67 e
Used )
Architecture, 4, 243-45 G olera
Area under a curve or graph,37, 141
iniall Ciad aluall
Areas and volumes, A-1 asaally sl
Aristotle, 2, 73 shl

Armature, 571, 592, 594 [

Astigmatism, 702, 710 Ak
Astronomical telescope, 706—7

(PsSali) ol e
Astrophysics, 926-55 Ala ey 5

Asymptotic freedom, 9194, jall &, sl
Atmosphere, scattering of light by, 690

¢ gl i
Atmosphere (unit), 259, 261

e oz Bas g

Atmospheric pressure, 259, 261
Lé)?'“ Lozl
Atom, 352-54, 441, 769-81 (see 53
also Atomic structure; 5 s
Kinetic theory) A all &yl
angular momentum in, 773,794-95 X B\ FES|
binding energy, 776 Loyl dslls
Bohr model of, 773-79 Rl

complex, 797-98 Jixa

distance between, 354 O bl
early models, 769-70 Aol 3laill
electric charge in, 441 Al sl Al

energy levels in, 775-76,28all <l s
794-96, 799, 800
hydrogen, 771-85, 794-97 s 5,k

ionization energy of, 776 REEEIN
neutral, 837 alatie
packing of, 824 EUS'N
planetary (nuclear) model of,770 (SIal 23 gl
81 gill)
probability distributions in,794, 797, 813
VLY a5
quantum theory of, 773-811 Aasl & plasl)
shells and subshells in, 798-99, 800 (s <l yadll
) sl
stationary states in, 773 ff
5 jiiaall Aal)
Atomic bomb, 883 A Al

Atomic force microscope, 769
oW el e

Atomic mass, 353 5 Al

Air bags, 29 o) sell LS
Air circulation, underground,274 Gl gell 552
oa Y b

Air columns, vibrations of,329-34
A5l saac ) 31 il
Air conditioner, 421-23 ¢!l casa
Air pollution, 430 PAPTARGIN

Airplane, sound intensity of,326-27
B idall & ga B0l
Airplane wing, 272-73 5 jillall ~lia
Airport metal detector, 595
Dl g alea) eSS

Airport runway, 27 el z 5%
Airy disk, 712 ol pa
Algebra, review of, A-3-A-6
S ralita
Alkali metals, 799 A gl el
Allowed transition, 797, 823 T sema Jla)
Alpha decay, 842-44 Wl sl
and tunneling, 855 Wi e
Alpha particles (or rays), 770,842, 844
Gl Clasen
Alternating current (ac),506-8, 603-8
(ac) wskie s
Alternators, 593 il glial)
AM, 626, 627 gLl (paal
Amino acids, 819-20 Gl (alaal
Ammeter, 541-45 sl

Amorphous material, 824 5L 32
Ampére, André, 496, 568, 616
il g i)
Ampere (unit), 496, 566
(BA;}) )-A'.\A‘
operational definition of,566

Ampeére’s law, 568-69, 616

el 058
Amplifiers, 830, 831 CHPY.o%
Amplitude: gLl
of vibration, 288 531 Y gLl of
wave, 302, 305, 306-7, 314, 327 A pall gl
Amplitude modulation (AM), Cppanal
gl
626, 627
Amusement park rides, 111,
bl s yite
194, 198, 199
Analog information, 598
5kl il glea

Analyzer (of polarized light), .
(cbitasall ¢ sazall) e

685
Andromeda, 929 1234 5 il
Aneroid gauge and barometer,
el
261
Angle: sl
Brewster’s, 687 BB LTS
critical, 645 daa iyl
of dip, 556 Jeall 505
of incidence, 308, 312, 633,643 Lo gl 4550 5
phase, 607 oshlldyl s
polarizing, 687 iy Ay
radian measure of, 195 A5l 3l (5 yhd Caual sl
of reflection, 308, 633 sS40 of
refraction, 312, 643 _LSi¥I 4505
Angstrom unit, 671 fn o5yl Bas
Angular acceleration, 196-99
@3l g sl
Angular displacement, 196
gl sl Y
Angular magnification, 705
@Il sl
Angular momentum, 213-15
Gl aa
conservation law of, 213-15,846 ol Jada 5308
@
nuclear, 838 ez
quantized in atoms, 773,794-95  Sllall & Lasisa
quantized in molecules,821-22 LRV
iy jall

Canu g

fn saall Cay jad Jaad dpieall dadiall (i defn Jbaiay)
b dsnse o pr adial) Jind Aaade 8 sl s

A il Wl i ff ) 3 ) Al
A (atomic mass number), 836

(S (53 2aal)
Aberration &0
astigmatism, 702, 710 AUl
chromatic, 710 &8
of eye, 702-3, 710 el
of lenses, 710-11 Slasll
monochromatic, 710-11 Ol a
spherical, 636, 710 35
Absolute luminosity, 930 and ff Glhaall Glaalll
Absolute space and time, 729
e s Glladll 5all
Absolute temperature scale,étaall 5 all g 3
362-63
Absolute zero, 362 Glhall jaall
Absorbed dose, 889 aiadl de jall
Absorption lines, 679, 777 sabiaial) dasha
Absorption spectrum, 679, 771-72
alaiaYl ol
Abundances, natural, 836
Aapdall 5 8l
Ac circuits, 506-8, 520 fn, 603-5
AC <l la

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

il il o se
gl il 3 ae

stz Apepls

Acceleration, 23-27, 75-77, 106-9
E)Luﬁ]!
angular, 196-99, 201 @3
average, 23, 24 Lo giall
centrifuge, 201 Sl 2kl
centripetal, 107 ff, 194, 198, 200 @S
Coriolis, A-18-A-19 ol S
cosmic, 953 &S
of gravity, 33 ff, 121 ing’s, 35 Apdlall 4
instantaneous, 24 Bl
of the Moon, 109, 118 el G

motion at constant, 26-44 434S ja

radial, 107 ok Caas
relationship with force, 75-77 558l ae Ae
of simple harmonic Lol 81 gl yigal)
oscillator, 295
tangential, 115-16, 198 JpvON
uniform (constant), 26-44 alaiia
(<40
Accelerators, 902 Cle jlaae
Acceptance of theories, 2-3 by il J o
Acceptor level, 828 Jatiall (5 sisa
Accommaodation of eye, 702
Ol s
Accuracy, precision vs., 5 fn a8
Achilles tendon, 250 pr dasl 3

Achromatic doublet, 711 S5 Y z 523«
Actinides, 800 Cilagsy)
Action potential, 512-13 Jadll aga
Action-reaction (Newton’s third law), 77-80
(R o 5) Jadl) a5 Jadll
Activation energy, 371, 816
WEECIR
Active galactic nuclei (AGN), 930
aahusill &l el 4 5l
Active matrix LCD, 689
Adayiill 48 sl
,851,889
$ssd) glatyl Ll
Addition of velocities, 62—-64,748

Activity of nuclear radiation, 849

Sle jull pes
Adenine, 460-61 rEmyl
Adhesion (defn), 277 Sl
Adiabatic process, 411-12 delS dlee
ADP, 817
Air: & sedl
buoyancy of, 267 sakall
mass of in room, 3654 il & ¢| sell Al
water content of, 374-76 ¢l (s sisa
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Center of gravity, 183-84 auiall S

Center of mass, 182-86 PAN W

for human body, 184-850Luy) aual

and translational motion,185-86 Ay A4S all
Centigrade (see Celsius temperature scale)

Centipoise (unit), 275 ) sl B g
Centrifugal (pseudo) force, 110, A-17-A-18
Centrifugal pump, 278 @S Al 2kl daiae
Centrifuge, 116-17 Sl 3kl
Centripetal acceleration, 107 ff,
SR g s
194, 198-99, 201
Centripetal force, 109 LS el
Cepheid variables, 937 ) yaia
CERN, 905
Cgs system of units, 9 cgs las sl allas
Chadwick, James, 836 s el ol
Chain reaction, 879-81 Judusia Jels
Chandrasekhar limit, 934
Dl il Al
Change of phase (or state),371-73,
391 (Lshall) sl s
Charge (see Electric charge)

Charge-coupled device (CCD), 697
Bl 25030 30
Charging a battery, 521 fn,532-33

At A
Charles, Jacques, 362 Al Jls
Charles’s law, 363 dos s
Charm, and charmed quark,
&) (e
915, 916-17
Chemical bonds, 812-15
Al il 5
Chemical lasers, 805 Ages ol
Chemical reactions, A glaS el
temperature effect, 371 Bl allda il
Chernobyl, 882 isied
Chimney smoke, 274 Zaaaa) olas

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

Sl &3l
Chromosome (see DNA)
psmsas S
Circle of confusion, 699, 710
SN 5 il
Circle of least confusion, 710
Circuit (see Electric circuit)
kSl
Circuit breaker, 505-6, 599
EREISE
magnetic, 567
Circular motion, 292 Ayl A8 s

nonuniform, 115-16 dakiie pe 45 A8
uniform, 106-15
Circulating pumps, 278-79
Dl ldias
Classical physics, 1, (defn, 727)48038 ¢l 3
Clausius, R. J. E., 416, 422

Clausius statement of second
S G AL G 5338
law, 416, 422
Clock paradox (see Twinparadox)
(P53 Alimns) Ao Ll Aliana
Zelid) J gan
i 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

a5l 5 e
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s gom cilwaall ¢3a
Coaxial cable, 580 pr, 621

431 sy

Bubble chamber, 857

Buckling, 361

Building materials, thermal
Sl B lerall Gliaien

Cilelaal) 48 e

properties of, 397
Bulk modulus, 238, 240-41 Ll 3l 5a

Buoyancy, 263-67 ol daladll

Buoyant force, 263-67

Cable TV, 628-29 FONE

Calculator errors, 7 JaSIL )
Caloric theory, 385 4l A1y sl

Calorie (unit), 385 S A s

related to the joule, 385 (55l saa s
working off, 386
Calorimeter, 390, 857

Calorimetry, 388-91 ey SIS
Camera, 697-701 A yall calalal)
adjustments to, 698-700 5_yadll
autofocusing, 324 5 el Jad
digital, 697 Sl s
flash unit, 484 =5
Cantilever, 231 e o)l Bas g
Capacitance, 480-82, 533-35
Al ga
equivalent, 534 oSS
Capacitive reactance, 605

ool 0 e glia
Capacitor, 480-81 el e
in ac circuits, 604-5 sl lall ) la 4
charge and voltage on, 535 dgall g daaill
energy stored in, 484-85 4 yidall 43l

as filter, 605 hiaS

parallel-plate, 482 Ofiagiiall 5 sia
in RC circuit, 535-37 RC3 )l 4
reactance (impedance) of,603-5 Axiles
in series and parallel, 533-34 sl B
g5y
uses of, 605
Capacitor microphone, 546 pr
gl sall O 58 e
Capacity (see Capacitance)
Gl 5all
Capillaries, 278 g el sy
Capillarity, 276-78 Ay )
Car: Bl
air bags, 29 il g sl
brakes, 260 =

force that accelerates, 79 e jludll 5 5l
forces onacurve, 112 Ssiall oo s 8

power needs of, 159 58l cilaliial
skidding, 113 GY Y
stopping distance of, 30, 144

Cagh gl il
Car starters, 567
Carbon cycle, 885 0588 )5
Carbon dating, 853-55 sl gl
Carnot cycle (engine), 419-21

CsiS 0
Carnot efficiency, 420 &g S Beli
Carnot, Sadi, 419 @l g S
Carrier frequency, 626 Jalall 2a 3
Cassegrainian focus, 707
CAT scan, 719
Catalysts, 817 ) laal)
Cathedrals, 244-45 PPEIN]

Cathode, 485, 754

Cathode rays, 485, 754-55 (see also Electron)
Jasgalldasl Lasgal)

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

Jsgal) At il

Causality, 128, 792-93 Al

Cavendish, Henry, 119 SIS (g 5

CD player, 805, 806 CD dadis Jles

Cell, electric, 494-95 Al S Ala
Cell phones, 314, 621, 628
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Cells, pressure on, 259 EREN/ e

Celsius temperature scale,355-56, 362—63

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

(M;_;.H oJ)ls

peall 3 )y Aa 0
Bohr model, 773-79, 786-87
5oA A h g zdsa
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
BECIEESS
table, 392
Boltzmann, Ludwig, 428
e il g sl
Boltzmann’s constant, 367, 833pr
e il g3
Bomb calorimeter, 390 ALl jase
Bond energy, 813, 817 Aoyl )l Al
Bonding: iy jall 8 day )
in molecules, 812-15
in solids, 824 Alall o gall 8 day
Bonds, 812-15, 824
Lol 5
covalent, 813, 815, 816, 824 S Wil
dipole, 818-19 (sabadlil)
hydrogen, 818-20 Ol
ionic, 814, 815, 817, 824 L
metallic, 824 Eept
molecular, 812-15 EETR N
partial ionic and covalent,815 A8l A sl
in solids, 824 lall
strong (defn), 817 LT
van der Waals, 817-21 Sl g e
weak, 817-21, 824 Admia
Bone density, measurement of,764
Ll 5 oUaall 43S
Born, Max, 788 o oSk
Bosons, 797 fn, 913, 917, 918
Gl sl
Bottom quark, 916-17
Boundary layer, 273 EESNIpEnA]
Bow wave, 342 wosll As e
Boyle, Robert, 362 Qi@
Boyle’s law, 362, 363, 368 Jis 0518
Bragg equation, 717 ) ddles

Bragg,W. H., 717 ¢l
Bragg,W. L., 717

Brake, hydraulic, 260 4845 yuell mlsall
Braking =Sl

of car, 30, 113, 144 bl
eddy currents for, 594 Aal sall il Lall
LED lights to signal, 830
Breaking a leg, 174 Sl s
Breaking point, 237 msll s
Breath, molecules in, 367 il
Breeder reactor, 882  _u » <lelia Bremsstrah-
lung, 802 Sl gladl
Brewster, David, 687
Brewster’s angle and law, 687

S i)
Bridge circuit, 551 pr 5 yaidll 5l
Bridge collapse, 299
Brightness, apparent, 930-31,937
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British system of units, 9 (see also  name of unit)
Sl Clas 1 S

Broglie (see de Broglie, Louis)

s s
Bronchoscopes, 646 Glaadll jUaie
Brown, Robert, 353
Brownian motion, 353
A )l A8 Al

Brunelleschi, Filippo, 245

Brushes, 571
BSCCO, 510

Btu (unit), 385 Ay a5l abasg

D5t il izl
Base quantity, 10 Ll due8
Baseball: aclall 3 S
curveball, 273
fly ball, 71 pr
work done on, 136, 143
Basketball, 71 pr iduls S
Battery, 493-500, 520-21
gy
charging of, 521 fn, 532-33 A e,
Battery symbol, 496 baec
Beam splitter, 684
Beams, 243
Beat frequency, 337 Syl 22 5
Beats, 335-37 Sl pall
Becquerel, Henri, 841 S S g
Becquerel (unit), 889 (33235) e
Bel (unit), 325 (32a5) d
Bell, Alexander Graham, 325
Jaainsyl)
Bernoulli, Daniel, 270 Ssom Jah
Bernoulli’s equation, 270-71
L;}a)y pAKEYY
Bernoulli’s principle, 270 ff [E
Ssom
applications of, 272-74
Beta decay, 845-47 Ui Il
Beta particle, or ray, 842,
U Claps

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

Bias voltage, 828 SlaiV) aea
Biceps, and torque, 205, 221
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Big Bang theory, 944 ff Dladiy 4y Hlas

adlaall

Big crunch, 951, 952 asbaall adall

Bimetallic-strip thermometer,355
Sl z s 5al Ol e
Binary system, 935, 941

T all alail)

Binding energy, 753 pr, 813,
Loy ) &l

816-17, 838-41
in atoms, 775 NN g
of molecules, 813, 816-17 <lujall &
of nuclei, 838-41 35l &

Binding energy per nucleon,839

A JS sy ) dill
Binoculars, 646, 708 Al A

Binomial expansion, 737,A-6—A-7 (see also inside
back cover) 2gaall U5 saal)
Biological damage by

gLtV (5 sl ol
radiation, 888
Biological evolution and

sl skl
development, 427
Bit speed, 200 Cyde
Black holes, 930, 935, 941
o1 sl o &
Blackbody radiation, 756-58 aaall gl
2 g
Blood flow, 269, 275-76, 590
aall (s

convection by, 399
Doppler blood-flow meter, 341
e gt Sl bie

Doppler weather forecasting, 50
gl s

341
TIAs and, 273
Blood pressure, measuring, 279

ol s (@
Blue sky, 690 slandl 48 )
Blue-shift, 943 ) i )
Bobsled acceleration, 75
Body p
heat loss from, 399, 400 ol oall ausall i
metabolism, 414-15 aeall 22N il



Current (see Electric current) B
Current sensitivity of meters,
Sl el Al

542
Currents, ocean, 397 sl s
Curvature of field, 710 B ESN AR
Curvature of space, 938-41, 951
sloadl) clias)
Curvature of universe, 938-41,
O el
951
Curveball, throwing a, 273 58
LAy
Curves, car on, 112-15 AR WA
Ciliaiall
Cutoff wavelength, 802 il ds 50 J

Cycle (defn), 288 550
Cyclotron, 582 pr, 903-5

s e
Cyclotron frequency, 903-4

sl 2y 3
Cytosine, 460-61, 818 e s

da Vinci, Leonardo, 3
Damped harmonic motion, 298
3aala%e 4388 434S a0
Dampening, eddy currents for,
594

Dampers on building, 298
Sl B Aerall Gliates

Dark matter, 951-53 13 guall 3L
Dart gun, 153
Dating, radioactive, 853-55
e lady gl
Daughter nucleus (defn), 842
Hppeany]
Davisson, C. J., 767 Ol

de Broglie, Louis, 766, 780-81,
787

SR ol

de Broglie’s hypothesis, 780-81 S Ak
de Broglie’s wavelength, 766, Griasedsh
Ssx
780-81, 890
Debye (unit), 479-80 (335) sl
Decay: Shail
alpha, 842-44, 848, 855 i
beta, 842, 845-47 i
of elementary particles, a5V Glasaal)
901 ff
gamma, 842, 847-48 [PAEN
rate of, 848-51 Jana
types of radioactive, 842, 848 Pyl g 5if
Gadal 3 gall
Decay constant, 848 I culs
Decay series, 852-53 Iy Al
Deceleration (defn), 25 shals
Decibel (dB) (unit), 325-27
(32 5) Josd
Declination, magnetic, 556
(omailing) o
Decommissioning nuclear
plant, 870
Decoupled photons, 935, 939
Aliatie ligig
Defibrillator, 485, 538 fn
Definition, operational, 10
e s
Degradation of energy, 427
Degrees of freedom, A-22
Ll ala
Dehumidifier, 438 pr
Akl e
Delayed neutrons, 869 fn
Aafie i g
Democritus, 352 Ll jia
Demodulator, 627 Cuaill i 3e

Dendrite, 511

Convex mirror, 635, 641-42

Lanasl e
Cooling 2,0
by evaporation, 374, 395 Al & yall

by radiation, 400 ¢ lad Yl &yl
Coordinate systems, 20 Gililaa) alss

Copenhagen interpretation, of
AUl Galei S s
quantum mechanics, 793

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

Coriolis effect, A-18-A-19 il
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Coriolis force, A-18-A-19 558

BRETEYS
Cornea, 701, 702 Al

Corrective lenses, 701-4
dasiae Glude
Correspondence principle, 749,
(Al sl fasa
779, 787
Cosmic acceleration, 953
S g
Cosmic Background Explorer,
A oSN A )Y A CailS
946
Cosmic microwave background
A5 S A S Al Al
radiation, 945-47

Cosmic rays, 902 S addl
Cosmological constant, 953
Sl
Cosmological principle, 944
S sl

Cosmological redshift, 943
¥l S Y
Cosmology, 921, 926-55

Coulomb, Charles, 444 sl S JL
Coulomb force (defn), 447 —wsl S35
Coulomb (unit), 445 sl Sl Bas g
operational definition of, 566
Coulomb’s law, 444-47, 458,
CaslsS o 5l
774
Counter emf, 593-94 Al 5eS Axdlas g8
Counter torque, 593-94 =Se o
Counterweight, 88 e s
Covalent bond, 813, 815, 816,
Lpaalui Al
824
Creativity, in science, 1-2
Al By
Credit card swipe, 599 uilats) AsUay
Crick, F. H. C., 718
Critical angle, 645 dasa iyl
Critical damping, 298 s aalas

Critical density of universe,
REUPEEEGNIPELN]

951 ff
Critical mass, 880 Aajall ALKY
Critical point, 372 Aaal) Al
Critical reaction, 881 goadels

Critical temperature, 372, 510
Lol adan

Crossed Polaroids, 686 aalaia il
CRT, 485-86, 628
Crystal lattice, 824 A ek A

Crystallography, 7170 skl guai ale
Crystals, liquid, 256, 688-89

il sl
CT scan, 718-21
Cucurbita melopepo, 893
Curie, Marie, 841-42 oS g
Curie, Pierre, 841-42 GoS

Curie temperature, 574
GosSElada

Curie (unit), 889 GosSBa g

stress on, 361
Condensation, 374 i
Condensed-matter physics (see Solid-state phys-
ics) Al Allal) ¢y 3

Condenser (see Capacitor)

e
Conductance, 518 pr Al
Conduction: Jduass
electric, 441-42, 493-513, 825 s
heat, 395-97 5~
nerve, 510-13 Cuac
Conduction band, 825, 828
doa sill A
Conduction current (defn), 617 B
Juasill
Conductivity, thermal, 396
Al yal) Al
Conductors: Ol gl
electrical, 441-42, 456-57, il el
475-76, 493-513, 590-91,
825
heat, 396 5~
Confinement, 887, 918 s
of quarks, 949 S IS8 B
Conservation laws: Laal) oyl 8
of angular momentum, Sl aa sl
213-15
apparent violation of in beta LS (s oall el
Ui sl &
decay, 846
of baryon number, 911 skl e el
of electric charge, 440-41, Aaa ) Jads gl

523, 528-29

in elementary particle 4V Clapanll 3

interactions, 910-12 ~ <dlelall & of energy,
149-55, 389 ff, 409,529 Al
of lepton numbers, 911, 912 Osial slael A
of linear momentum, 170-73 U RN PR
and ff
in nuclear processes, 846

Ayl el 4
of nucleon number, 848, 911

b S gl 2re
of strangeness, 915 Al A

Conservative force, 148—49 ikilass
Conserved quantity, 149 4l sése 1S
Constant angular acceleration,

Ol g5l g e
201
Constants, fundamental (see inside  front cover)
Ll cul &
Constant-volume gas LI EY I FERN
thermometer, 356-57 Bola Ol
Constructive interference, ¢l Jals
308-9, 335-37, 668

Contact force, 81, 450 s A

Contact lenses, 702, 703-4
Ay cluac
Continental drift, 267 ez
Continuity, equation of, 268-69 EAKIED
i) i)
Continuous laser, 805 i 3l
Continuous spectrum, 679,Jsais caila

756
Contrast in microscope images,
el Hsa bl

716
Control rods, 880, 881 ASail) i
Convection, 397-99 e
of blood, 399 2l
on hiking trail, 398
Conventional current (defn),

497
Conventions, sign, 638-39, 651 sl
il lay)
Converging lens, 647, 648, 653 Arana dude
Conversion factors, 10-11 (see

S saill 5 las

also inside front cover)
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COBE, 946
Coefficient of performance, 422

1Y) Jalaa
Coefficient (see name of)

Coherent source of light, 671, 803
Lyl e (s jhas

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

Dsmall gl
of building, 242 )

of star, 215 axill
Collector (of transistor), 830-32

(si il 5 ) el

Colliding beams, 906-7 Aadlale o a

Collisions, 173-81 Glealial

elastic, 175-77 O

inelastic, 175-76, 178-79 Oe

in two or three dimensions, 179-81 &3 i (pae @

Al

Colonoscopes, 646 sl s

Color: o

of quarks, 918-20 ERPFNISR
related to wavelength, 670,671

Aa gall Jghay Alai 5o
of sky, 690 eladly
Color charge, 918-19 Ol Ains
Color force, 918-20 oslis g8
Coma, 710 g

Comfort, room, 400-401 4Dk dd 2
Communications, fiber optics in, 1 646

LYY il ey« Commutators,
571, 592-93 Yl
Compass, magnetic, 556, 564
Anla Ui dla gy
Complementarity, principle of, 765-66

4Ll e Complete circuit, 496, 497

LS5l
Completely inelastic collision, 178-79
g pall anre arbias Complex atoms, 797-98
3dira 0l Hd
Components of vector, 49-53
Aaie CLS 5o
Compound lenses, 711 A8 e Slase
Compound microscope, 708-9
S e e
Compound nucleus, 878 8l 5
i,
Compounds (defn), 353 fn
S e
Compression (longitudinal wave), 303
Ll
Compression waves (P waves), 304
Aphaluail s 5o
Compressive stress, 239-40
ERCEICL KVEN
Compton, A. H., 763 OsimsS
Compton effect, 763-64 il
Osie S
Compton wavelength, 763
O5iesS A e
Computerized axial o5l gl
s saall
tomography, 719
Computers, 598 Gl
digital information and, 598 Bad ) by
hard drive, 200
keyboards, 482
monitors, 485-86
Concave mirror, 635 ff, 639-40
mia 8l e
Concentration gradient, 377
5850 7 )%
Concordance model, 948
Concrete: LEIVREN
prestressed and reinforced,242 Al sl A
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leakage, 541 i
magnetic force on, 558-59 Lpllines @
measuring, 541-45 old
microscopic view of, 509-10 Soene haie

and Ohm’s law, 498-500 ol 0158

peak, 506-7 i
produced by changing  (sshliaall Jladll )3 (e &3
magnetic field, 584 ff

produces magnetic field, 557 RSy
rms, 507 oall b gia jia
Electric dipole, 455, 479-80, 818
ERERLE
Electric energy, 470-87
Al S ddll
production of, 430 zll
storage of, 484-85 A3
Electric field, 450-54 ShoeS Jaa
and conductors, 456-57  <Sbasal
Coulomb’s law to determine, 458 aslsS o8
in dielectric, 482-83 <Y jlall in Em wave,
617-19 e SEM
energy stored in, 485 45 yiaal) 43U
and equipotential lines, 474-75 (§ st Ja sl
]
Gauss’s law to determine, 458 oastle o8
lines of, 454-56 Lsha
magnetic field produced by (emahalinall Jlaall
¥ oo @l
changing, 616 ff
of point charge, 451 Ahady dia

produced by changing
magnetic field or flux, 591, 617 ff
esslalinall GRl a3 e
relation to electric potential, 474
LoeSl eall ae A8
Electric field lines, 454-56

el Jlaall La sl

Electric flux, 457-58, 617
(Sl Gl
Electric force, 439 ff Al e 3 gl
Coulomb’s law for, 444—47 a5 S o538
Electric field (cont.) Sl sl

relation to electric potential, 474

heSl agal) ae A1)
Electric field lines, 454-56
SLoeSl Jaall Lo s
Electric flux, 457-58, 617
sl el
Electric force, 439 ff A el 3 8l

Coulomb’s law for, 44447 » 5 S (58
in molecular biology, 460-62,479, 818-21 &

el slall e
Electric generator, 473, 520, 584, 592-93
S A e
Electric hazards, 538-41
Al S )l
Electric motor, 571-72 oS dma
counter emf in, 593-94 EENCCRPLIN 3

Electric potential, 470-87 (see also  Potential dif-
ference) SheS 2
aall 58

of dipole, 479-80 (il
relation to electric field, 474 Jlaall g 482
s

of single point charge, 476-79 3 jdia Aa
Electric power, 502-5 Al ,eS 3,08
in ac circuits, 606 Cglitall lall s
in household circuits, 5067 AR
Al

transmission, 595-97 Ju

Electric power generation, 430-31
Al el 5 )l Al 5

Electric shocks, 538-41 Gleaal)
Al el
Electrical shielding, 457

RERR NN

Electricity, 439-545, 584 ff, 615 ff
L yesll
Gauss’s law, 457-59 wisle 058
static, 440-41 SsS

457 sy

Earthquakes, 304, 305, 306, 313 &=, Y1 U3V

ECG, 487

Echolocation, 304 saall paas
Eddy currents (eddies), 268,
el gall Ll
594-95
Edison,Thomas, 485 sl a5
Effective dose, 878 ) de jall
Effective values, 507 Aladll pl)
Efficiency, of heat engine, 160,
Gl &l s
418
Carnot, 420 gy
Einstein, Albert, 3, 353, 727-49,
O ol
758, 871, 914, 926
EKG, 487
Elastic collisions, 175-77
4 ye Slaslial
Elastic limit, 237 g pall 2
Elastic modulus, 238 W g all Jalaa
and speed of sound, waves, (geallde jus
Gl se
304
Elastic potential energy, 147,
Ly el g s dilda
289
Elastic region, 237 4 yall dslaial)
Elastic spring, 147 O
Elasticity, 237-41 gl
Electric battery, 494-97,
Al yeS Ay
520-21
Electric cell, 494-95 EIRVIS TN
Electric charge, 439 ff Al S Aad

accelerating, gives rise to EM
Ahaling jeS A 5o N o g bl

wave, 619

in atom, 441 33
calculating, 535 laa
conservation of, 440-41, 523, BEHIN
528-29, 848, 898

of electron, 445, 754-56 O SIU

elementary, 445 ey

induced, 442-43 @il
motion of in magnetic field, [BECPRECEEN
560-63

point, 446, 450-51, 476-79 adady
quantization of, 445 eSS

"test,” 450

Electric circuit Al S5k
ac, 506-8, 603-8 Cslite s

complete, 496, 497 Jalg
containing capacitors, 533-35, 603-8

containing resistors, 498 ff, 520-45 e slia (5 533
dc, 493 ff, 520-45 ol s
digital, 831 )
grounding, 539-41 ol
household, 505 3 e s jeal
integrated, 830-31 Shlss
and Kirchhoff’s rules, 528 ff g S il
LC, 608, 627 LC
LR, 602-3 LR
LRC, 606-7 LRC
open, 496 T sida
RC, 535-37 RC
rectifier, 829 asie
resonant, 608 &5}
time constants of, 536, 602 Agia 3l I
Electric current, 493 and ff B

RPN
alternating (ac), 506-8, Csliie

603-8

conduction (defn), 617 duas

conventional (defn), 497 Al
direct (dc) (defn), 506 il
dicement, 617
hazards of, 538-41 )l
induced, 584 ol

Disintegration energy, 843

JDasy) ddls

Disorder and order, 424, 426
Alail) axe g Usil)
Dispersion, 671-73 PPN Tptil
Displacement, 20-21, 37, Al

46-47, 50-53
in vibrational motion, 288
430 5N as all b

of wave, 314 Ansall
Displacement current, 617 B
[
Dissipative forces, 156-58
Aaias s i
Dissociation energy, 813
SI<a) 43l
Distances, astronomical,
EENCRGRTIINGY
924-25
Distortion (lenses), 710 Glase (55
Diverging lens, 647, 648, 650,
48 jae luae
653
Diving, spins in, 214 e
DNA, 460-62, 679, 718, 818-21,
DNA
876, 881
structure and replication of,
LSy S
460-62
Domains, magnetic, 573-75
(ki) s2e
Domes, 243-45 ]
Donor level, 828 elhaall (5 gica

Doorbells, 567
Doping, of semiconductors, 827-28 )

la sl oladl (s 2 (i
Doppler blood-flow meter, 341

ksl s Gl

Doppler effect, 338-42, 930 il
Dlisy (3all)
for light, 341-42 o guall
Doppler, J. C., 338 fn () s
Doppler techniques in medicine, 341
hll sl 3,k
Doppler weather forecasting,
D58 Ul g sl
341
Dose, 87779, 880 ic
Dosimetry, 877-79 Cile jall Lulida
Double-slit experiment, 787-89
g 525l BAll & jas
for electrons, 787-89 g KB
for light, 668-71 o puall
Down quark, 904 S IFERPN]
Drift speed, 509 Lol de
Driving, around curve, 112-13
sinie s 5Ll
Dry cell, 495 dala s
Dry ice, 373 Calall sl

Duality, wave-particle, 765-68,
ara - Aa ge ddaal 23y

781
Dulong and Petit value, A-22
DVD player, 805, 806 DVD Jlk>
Dye lasers, 805 Tl 5
Dynamic lift, 272-73 Sl @il
Dynamic rope, 105 pr Sl Jaal)
Dynamics, 19, 72 ff bl
rotational, 206 ff i)y sall
Dynamo (see Electric & aall
generator) (bl alalh)
Dyne (unit), 76 (32n5) ol
Dynodes, 856-57 sl
, 744-47
Ear, human, 328-29 FRRRAIRN]
sensitivity of, 327, 328 PRI

Density, 256 FERS
and floating, 263, 266 sakall
of universe, 940-41 sl Gee
Depth of field, 699
Derived quantity, 10 ddida) dlEns) clas
Derived units, Sl (see inside front  cover)

A8lEid) Cilas
Destructive interference,

plaa Jalx
308-9, 310, 335-36, 668
Detectors, 627 WS
of particles and radiation,
glad¥l s Clarall
856-58
Detergents, 277 il gl
Determinism, 792-93 sl
Deuterium, 864, 868, 872,
oA 5
873-74
Deuteron, 864 IS
Dew point, 376 saill ddags
Diamagnetism, 574 fn Audaliadlal)
Diamonds, 672 Ay S jlaad)
Diastolic pressure, 279 (5 sinlaal) ozl
Dielectric constant, 482 & jlall <l
Dielectric strength, 482 JJlall 4l
Dielectrics, 482-83 Jo)sall
molecular description of, 483
IR Cay
Diffraction, 313-14, 665-66,
s
673-75, 711-18
by circular apertures, 711-13 Sl ddaul 5
Al
of electrons, 767 g S
of light, 665-66, 673-75 ¢ suall
as limit to resolution, 711-13 JERISAIRERS
of matter, 767 salall
by single slit, 673-75 5 yiie Aaidl
of water waves, 313-14 slall il sal
X-ray, 717-18 Aol 4330
Diffraction equation, 674
3 gaall dalae
Diffraction grating, 676-78
35l 3 )
Diffraction limit, for resolution, KN
Jalaill ca guall
715
Diffraction pattern (defn), sl b
673
of circular opening, 711-13
4 il dadel
of electrons, 767 g S
of single slit, 673-75 3 e (3]
X-ray, 717-18 Aoiand) 4330
Diffraction spot, 673, 712 2l 428
Diffuse reflection, 633 alaiie je lSad)
Diffusion, 376-78 olamyl
Diffusion constant, 377 LVl <l
Diffusion equation, 377  _Lasy) Alilas
Digital camera, 697 Al 1) 5yl
Digital circuits, 831 Tadd
Digital information, 598 &, <ty
Digital meter, 544-45 ) olia
Diodes, 828-30 )
Diopter, 648 g
Dipole: (bl
electric, 455, 479-80, 818 S
magnetic, 570 (rbline
Dipole bonds, 818-19 Aaad Jayl
Dipole moment, 479 (bl o e

Dipole-dipole bonds, 818
gkl - Agkad Lol
Dipole-induced dipole bonds,

Al Al Ll

818
Dirac, P.A. M., 795 Ay
Direct current (dc) (defn), 506 (see  also Electric
current) il s
Direct proportion, A-1 il

Discharge tube, 754, 771 & o sl



Excited state: daage dls
of atom, 775 5

of nucleon, 914 Al
of nucleus, 847 5 5all
Exclusion principle, 797-98, 813 lae
AleginaY)
Exoergic reaction, 876 Aadall o jda Jela
Exothermic reaction, 876
3ol all ol Jelss
Expansion, binomial, A-6—-A-7 (see also inside
back cover) Cpds (553 caxad
Expansion joints, 354 224l Ela s
Expansion of universe, 942-46
LSRN
Expansion (rarefaction), 303, 324
(Jalaﬁ) 2045
Expansion, thermal, 354, 357-60
Gl 2
Experimentation, 2 G
Exponential curves, 535, 602, 849
dou Ciliiaia
Exponential decay, 849 o o)
Exponential notation, A-3 (! Jds
Exponents and exponential notation,
A-2—A-3 (see also inside back cover)
oY)
Eyeglass lenses, 701-4 Sl Sluse
Eyepiece, 706, 707-9 e
f-stop, 698 f- a4,

Fahrenheit temperature scale, 355-56
el 551 pall

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

el (o)

Far point of eye, 702 Gl sl Adaisl)

Farad (unit), 481 (3aa) 2l
Faraday, Michael, 450, 584

@l dilane

Faraday’s law, 616 @b 058

Farsighted eye, 702 Dbl say e

Fermi, Enrico, 14, 766, 787, 797 fn, 846, 866, 868,

902 s S il
Fermilab, 893 (oo iida
Fermions, 797 fn, 906 i gra il
Ferris wheel, 111 Falldlae
Ferromagnetism, 555, 573-75

Apuglaline 5 8
Feynman diagram, 896 Olaild Jlai)
Feynman, Richard, 896

Oleild 2 Ly )
Fiber optics, 645-46 LY ¢

Fick’s law of diffusion, 377
Ly 8 el o 8
Fictitious (inertial) force, A-17 548
Ay gead
Field, 450, 895 (see also Electric field; Gravita-
tional field; Magnetic ~ field)

Jlae

Figure skating, spins in, 214
Al dss
Film badge, 878 ol (Jlad) 3 La
Film speed, 698 fn alall Ay
Filter (electrical), 605 (L %S) =8 »Fine struc-
ture, 786, 795 Gy S 5
First harmonic, 311 s 881 )

First law of thermodynamics, 408-15
Al oall ISabinall & J 531 ¢ 9
human metabolism and, 414-15 Al Sllaal)
Oy B
in isobaric and isovolumetric pro  cesses, 413
paall (5 s g Tarall (g slus lles

First overtone, 332 I Qlsall
Fission, 866-71 el
Fission bomb, 871 Ay Uy Aldl)
Fission fragments, 866 g el ¢l Jal
Flashlight bulb, 495 o zluae

Flavor (of elementary particles), 906

(B85 o)) 4%ia
Flexor muscles, 234 Aali COlac
Floating objects, and density, 263, 266
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vibrational, 289-91, 823 @) )
of waves, 305-6 Cila gall
zero-point, 823 iuall ddass
Energy bands, 825-26 Wl o s
Energy “buckets,” 290 Al (e () g8
Energy conservation, law of, 149-55, 848,

910 Al ass
Energy density, 485, 602, 623

4alal) 48
in electric field, 485 S Jad) 4
in EM wave, 623 EM ds e 8
in magnetic field, 602
Energy gap, 825 Agla s sad
Energy levels: Al O sie
atomic, 775-76, 794 ff 4,3
for fluorescence, 803 35kl
for lasers, 803-5
in molecules, 821-23 iy all b
nuclear, 847 35l A
in solids, 825-26 aleall aluayl 4
Energy production and resources, 430-31
B £ jolae
Energy states: dalall s
in atoms, 775-76, 794-96 <, &
in molecules, 821-23 Gyl b
in nuclei, 847 35l &
Energy transfer, heat as, 385-86 Ja
5 aS il
Engine, heat, 416-21, 430
Sl e
Enriched uranium, 880 Cuada ol ) g
Entropy, 408, 424-25 Lyl
in life processes, 427 A gl llaal) &

second law of thermodynamics and, 424-25
Al Sy S 538
statistics and, 428-29  ¢las)
Environmental pollution, 430

o &l
Enzymes, 817 ey 3l
Equally tempered chromatic scale, 329

& silly oz ol

Equation of continuity, 268-69
) et Alilas

Equation of state, 361 Al Aslas
for an ideal gas, 364 e el
Equilibrium, 226-55, (defn, 227)

Ol
conditions for, 227-29 Ly
stable, unstable, neutral, 236 Brp N

Jeldia ¢ jalse
thermal, 357 EB1BSY

Equilibrium position (vibrational motion), 287
(B31 5 48 ja) O Y g a)
Equilibrium state (defn), 361

BBV
Equipartition of energy, A-21-A-22
4 el dala
Equipotential lines, 474-75
gadl g gl Jaglad
Equipotential surfaces, 474-75
24l gl ﬁ)}m
Equivalence principle, 938, 939 Jase
Jakasl)
Erg (unit), 137, 143 (=) 2
Escherichia coli, 769
Estimated uncertainty, 5 fn, 6 Y
Estimating, 12-14 G E
Esu (unit), 445 fn Esu a5
Ether, 730
Euclidean space, 940 Gl &8
Evaporation, 373-74, 395 JAS
Event, (defn, 731) [WICEN
Event horizon, 941 sl Gl
Everest, Mt., 121 S il
Evolution: skl
biological, 427 S
stellar, 930-36 s
Exchange particles (carriers of force), 908
ol lages

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

4 )) 5all 358l 5 2racaall

Ellipse, 125 Ny
e/m for electron, 755 e/m o5 S
EM waves (see Anhling 5 S Gl sa
Electromagnetic (EM) waves, 548
Al S Aadly

Emf, 520-22, (defn, 520)
back, 593-94 ke
counter, 593-94 dlac
of generator, 592-95 Asa
induced, 584 ff il
induced in moving A atie Jease b 5l

conductor, 590-91

motional, 590 S~
in series and in parallel, 532-34 Sl e
solslls
source of, 520-21 e
Emission spectrum, 771 <lauil il

Emission tomography, 893-94

Sl il gaal
Emissivity, 399-400 Aflany)
Emitter (transistor), 830-31

(D531 5) el

Emulsion detector, 857 e @il
Endoergic reaction (defn), 876
AUl el Jelis
Endoscope, 646 Sl ik
Endothermic reaction, 876
5 all ale Jelss
Energy, 136, 141-60, 744-47
pHEN
activation, 371, 816 sl
binding, 775, 813, 816-17, Ly
838-41
bond, 813, 817 il
conservation, 149-55, 389, PEREN
409, 529
degradation, 427 43l Jalass)

disintegration, 843 il
distinguished from heat and temperature, 386
Bl As sa sl all Gasb ge e

electric (see Electric energy) s
in EM waves, 623-24 EM &la 50
equipartition of, A-21-A-22 & sy 4 a5
and first law of thermodynamics, 4 08-10

Llal) Saaliaal) I 5l

geothermal, 431 L sl 0l

internal, 386-87, 408-15 Sl
jonization, 775, 778 &

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

molecular rotational and vibrational, 387, 822-23
R )l S

nuclear, 431, 875-96 [EET]
of photon, 762-63 Ui
potential, 144 ff, 470-71 s
quantization of, 756, 758, 795 s
reaction, 876 Jelss
related to work, 141 ff Jadll dasi e
relativistic, 744-47 (e
rest, 744 OsSe
rotational, 210-13, 822-23 s
in simple harmonic motion, 289-91 48 48 ja
solar, 431 (et
stored in electric field, 484-85 Jadl 8 (53
sl

stored in magnetic field, 602 BESUIFLIVEESY
NARER

thermal, 156, 386 @l
threshold, 877, 900 pr Agall

total mechanical energy (defn), 149 4. 4SS 4l
transformation of, 155-56, 744-47 Jisad

unavailability of, 426-27 x5l axe
and uncertainty principle, 789-92 2 fase
units of, 143

Glaa g

Electrocardiogram (ECG, EKG), 487
el alil) ks

Electrode, 494 S eS akd
Electrolyte, 494 EAPP|
Electromagnet, 567 (orbalize <

Electromagnetic blood-flow
measurement, 590
Gpplaling € A8y jlay aall Gy (b8
Electromagnetic (EM) waves,
Lpulaling s S Cils 5
615-28, 664 ff, 726-27, 729, 730
Doppler effect for, 341 ax 0 J& & Jliss (sals) il
gladyl bias
momentum transfer and
radiation pressure, 625-26
Electromagnetic force, 907-22
Aalina g ¢Sl 5 58l
Electromagnetic induction, 584 ff

(ahaline 5 gl Ll
Electromagnetic oscillations, 608
(hline s S 3l yia)
Electromagnetic pumping, 576 pr
(rblita s gl gall
Electromagnetic spectrum, 619-22
(bl 5 el ol
Electromagnetism, 584-631
Agulaling 5 Sl
Electrometer, 443 S lia
Electromotive force (see Emf) 58
Al S Aadls
Electron, 754-56, 766—68
s sl
charge on, 445, 754-56 O S A
discovery of, 754-56 LS|
in double slit experiment, 787-89 of, 755 <
Ao 53 jall Aialll 4 a5
free, 442 A
lepton number of, 911 sl e
mass of, 756 s
in pair production, 764-65 z sz G
as %o particle, 845-47 [ENERY
wave nature, 76668, A sall day
780-81, 789
"what is an,” 768 sl
Electron band theory, 825-26
Ao jallag phiy o5 5y
Electron capture, 847 O3 SN
Electron cloud, 794, 796, 813
GRS e
Electron configuration, 798-99
s SN U8
Electron degeneracy, 934
O A & IS
Electron microscopes, 754, 768-69
A el
Electron spin, 574, 795 S AN J sl

Electron volt (unit), 476, 746, 838
(Baas) b o5l
Electronic devices, 485-86,

g IV el oY)
541-45, 626-28, 827-31
Electroscope, 442-43 Sl Gl
Electrostatic unit (esu), 445 fn

A S eSBang
Electrostatics, 439-87 Sl S g Sl
in photocopy machines and ppeaill Y A

computer printers, 462—63
Electroweak theory, 128, 918-20
hesl) ol 3y ks
Elementary charge (defn), 445
Ay daazl
Elementary particle physics, 901-22
Al Clasall ol 5
Elementary particles, 901-22

Y el
Elements (defn), 353 fn
alial)
of lens, 711 Aaal)
periodic table of, 798-800 sl Jsasll
aliall
(see also inside back cover)
G jgd 46-)



Gluons, 890, 897, 906-7
Gophers, air supply, 274

GPS, 17 pr, 134 pr, 739

Gradient: N
concentration, 377 SeSall
temperature, 396 BIBNEPGY
velocity, 27 Qe yull
Glashow, S., 919 ERIN
Glasses, eye, 701-4 Dk el jUas

Global positioning system (GPS), 739
el a8l all ypan Al
Global warming, 430 sl uall algay)

Glueballs, 918 fn Gl il S
Gluino, 922 Osaba
Gluons, 902, 909, 918-19 Gl gala

Gopbhers, air supply, 274
o sed) 53 Yl aalin ¢ sed

Gradient: [
concentration, 377 85
temperature, 396 5oallds
velocity, 274 Oy a3 e de e
Gram (unit), 9, 76 (3a3) ol 2
Grand unified era, 949 B gall dial)
el
Grand unified theory, 128, 920-21
oadaall Bas gall dy il
Graphical analysis: (huhas Julas
Lhall 38 all
of linear motion, 36-37
for work, 141 Jaall
Grating, diffraction, 676-78
Spa e
Gravitation, universal law of, 117— 20, 445, 938

SsSIdall 58
Gravitational collapse, 941

e el
Gravitational constant, 119
Ciall ol
Gravitational field, 456, 93841
el Jaw
Gravitational force, 80-83, 117-28, 909, 938-41
Callsd
Gravitational mass, 938-39
Cal) Al
Gravitational potential energy, 144-45

Al Apdlal) A8l
Gravitational slingshot effect, 193 pr
BN N
Graviton, 909, 922 O 58l
Gravity, 32-34, 80-83, 117-28, 938-41

Ailal)
acceleration of, 32-34, 118, 121 & b
center of, 183-84, 229 Koe
and curvature of space, 938-41 (sl i
g1

effect on light, 939, 941 & sazall il

on Moon, 109 el e
specific, 256 iy
Gravity anomalies, 122 sl el ey
Gravity waves, 954 Al ) sl
Gray (unit), 889 sl

Greek alphabet (see inside front cover)
ke GBI ity lal) 40 sl sl Ga Y
Grid (electrode), 486 (—kf) 4<:5Grimaldi, Fran-

cesco, 666, 670 RPREREN
) S

Ground fault, 599 ==Y Cuxall

Ground fault circuit interrupter (GFCI), 599

Lmal) 28 oS0 5 lal) o8
Ground state of atom (defn), 775

5,0 A Y1 ALY

Grounds and grounding, electrical, 497, 539-41

e g g

Groves, Leslie, 883 Sodl i

Guanine, 460-61, 818 Ol s

Gun recoil, 172 gdad) Jlai )
GUT, 920-22

h-bar (h), 791 h- J (h)

471 sy

Galilean transformation, A-23-A-26

Shlle @3 a3

Galilean velocity transformations, A-2, A-
24-A-25 SO illle de

Galilean-Newtonian relativity, 727-30, A-

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

JUATS
Galvani, Luigi, 4, 494 Slle iyl
Galvanometer, 541-44, 571 isa gilalal)
Gamma camera, 881 Lala 3 yad
Gamma decay, 842, 847-48
Lils sl
Gamma rays, 620, 842, 847-48
Lala dail
Gamow, George, 726, 934
sz
Gas constant, 364 Sl e
Gas lasers, 805 Agailall el 5l
Gas laws, 361-67 ) il @

Gas tank overflow, 359 BENS BN FREN
Gases, 255, 353-54, 361-73, 410-14

<l kel

change of phase, 371-73, 391-92 skl s

definition, 255, 353, 372 g e

ideal, 363-67 Sie

light emitted by, 771-73 &aidl ¢ suall

molar specific heats for, A-20-A-21  4e 55, sl

Al sall

real, 371-73 TN

work done by, 410-14 Josall Jasl)
Gauge bosons, 901, 905, 907

il

Gauge pressure, 259 BREANBRTN |

Gauge theory, 907 ol A s

Gauges, pressure, 260-62

Gauss, Karl Friedrich, 457

susle ey 8 J
Gauss’ Law, 457-59, 616

pasle O 58
(82>5) st Gay-Lussac,
Msslla - iy
A shils o 518
PEEENRIETS

Gauss (unit), 559
Joseph, 363
Gay-Lussac’s law, 363
Geiger counter, 856-57
Gell-Mann, M., 904
General theory of relativity, 914, 926-29

Hala) gpaaill 3y ka5
Generator, electric, 430, 473, 520, 584, 592-93
eSl A gl
Genetic code, 820 A1) 5l
Genetic damage, 876, 878 15 sk
Geodesic, 928 Al dalie
Geological time scale dating, 854-55
sl
Geometric optics, 632-56, (defn, 632)
‘_fum & g
Geometry, plane, A-7-A-8 (see also inside
back cover) EERSEY
Geometry (review), A-7-A-8
Aunia
Geophysical applications, 122
Geosynchronous satellite, 123 BY]
ol elia

Geothermal energy, 431
sl i) etk
asle s
o

Germanium, 826, 827

Germer, L. H., 767

GeV (see Electron volt (unit))
(3aas) 8 05 Sl Lo

Glaser,D. A,, 857 s
Glashow, S., 907 EREN
Glasses, eye, 701-4 () s
Gl lala
Global positioning system (GPS), 17 pr, 134 pr,
739 S ) paas allas
Global warming, 430 S8 oAl

Glueballs, 906 fn
Gluino, 910

van der Waals, 817-21 s e 8

weak, 128, 841 ff, 846, 897 ff aea

work done by, 137 ff oo gl Jaal)
Force diagram, 84 ff, 228

5 ) i

Force pump, 278 FEVEI

Forced convection, 397 (s mall Jasll

Forced vibrations, 299 il ) iay)

Formulas, mathematical (see in side back

cover) Al fra

Forward biased diode, 828
AL e aladl) A
Fossil-fuel power plants, 430, 431, 592
sl 0y cillans
Foucault, Jean, 666—67 O el S b
Four-dimensional space-time, 742, 928
Gl - A el s
Fourier analysis, 334 o8 dilas
Four-stroke-cycle engine, 417
Za )Y Dol 39 & e
Fovea, 701 B8
Fractions (see inside back cover)

;U;i
Fracture, 237, 241-43 Cuall
Frame of reference (see Reference
frames) el

Franklin, Benjamin, 4400155 5 ¢yl
Franklin, Rosalind, 718 8 audl 5,

Free fall, 124 b
Free space, permittivity of, 445
# 1 dalan
Free-body diagram, 84 ff, 228
Al asall Lalad
Freedom, degrees of, A-22
i pall s o
Freezing point (defn), 355 fn, 373
aail) ddads
table of, 392
Frequency, 108, 200, 288, 292-93of
gy
audible sound, 323 & samsall & guall
beat, 337 <l
carrier, 626 BREN
of circular motion, 108 A hAS s
cyclotron, 892 05 sSm
fundamental, 310, 311, 330-34 b
infrasonic, 324 (S Gl
of light, 620 ¢ puall
natural, 299, 310 b
resonant, 299, 310, 329, 608 [55D)
of rotation, 200 sl
ultrasonic, 343 Sya B
of vibration, 286 BB
of wave, 302, 305, 3067 EEGR
Frequency modulation (FM), 627
2353l el
Fresnel,Augustin, 673 Jih (i
Friction, 73-74, 90-95, 112-14
SN
coefficients of, 90, 91 Jalaa
kinetic, 90 ff S~
in rolling, 90, 211-12 gl G
static, 90, 91-92, 211-12
Fringes, interference (defn), 668
Jdatll i
Frisch, Otto, 866 i sl
Full-wave rectifier, 829 ALalS Ax g0 o sia

Fundamental constants (see inside front cover)
4l <l & Fundamental frequency, 310, 311,

330-34 gul.“\ 2 53
Fuse, 505-6 geaia
Fusion bomb, 874 doaleny) Als
Fusion, heat of, 392 [ ESIBN
Fusion, nuclear, 871-75 (555 gl

in stars, 872, 873,921, 938 a5l &
Fusion reactor, 874-75 saboxil Jalae
Galaxies, 915-18, 940 &y
clusters, 917-18 Claan

mass of, 916 PR
Galilean telescope, 708 Shlle jUaia

Florence cathedral, 245 L) 5l 48 S
Flow of fluids, 268—74 &l s
laminar (defn), 268 (sl
streamline (defn), 268 Jsaall las
in tubes, 275-76 il 3
turbulent, 268 skl
Flow rate, 268-69, 275 ol Jae
Fluids, 255-85 (see also Gases)
&
longitudinal wave speed in, 304 A sall A
Akl
Fluorescence, 802-3 5l
Fluorescent light bulbs, 803
A58 e
Flux: 8
electric, 617 s
magnetic, 586, 591 (omablize
Flying buttress, 244 () Adles
3
FM radio, 627 ) FM
Focal length, 636, 641, 648, 650-51, 656
Sl 2l
Focal plane, 648 o5l s sl
Focal point, 636, 641, 647
Ay sall Adaail)
Focus, 636 5,5l
Focusing, of camera, 698-99
| pnalSl) i
Football, 58, 61, 66 pr, 67 pr 58
]
Foot-pound (unit), 137, 143
s Esu

Forbidden energy gap, 825
ic giaall A8LLI 3 a8
Forbidden transition, 797,803 fn

(Oste) g siae J

Force, 72-105, (defn, 73, 76),128 (see also
Electric force; Gravitational force)

(s s48) 548

buoyant, 263-67 sihs g

centrifugal, 110 s 8k

centripetal, 109 A8 e

color, 906-8 osd

conservative, 148 ff Aailag
contact, 81, 128, 450 ot
Coriolis, A-18-A-19 ol S

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

CaslsS
dissipative, 156-58 Anpaa
elastic, 147, 237-41 e
electric, 439 ff Al ,eS
electromagnetic, 128, 895 ff Al g 4S
in equilibrium, 226-55 O A
exerted by inanimate objects, 79 alual e Al

3ala
fictitious, A-17-A-18 ! 8 of
friction, 90-95, 112-14 A<ia
of gravity, 80-83, 117-28, 897, 926-29

ENTNEN
inertial, A-17 Syl
long-range, 841 sl dmy

in magnetic fields on charges and currents, 558-63
s i) e gublinal Sl b
measurement of, 73 wld

in muscles and joints, 234-35 SOlaall b

Jealadl
net (defn), 76, 84 S
in Newton’s laws, 75 ff Giss 058 S
nonconservative, 148 Logina e
normal, 81 ff gl
nuclear, 838-41, 855, 895 ff $ss
per unit mass, 456 AL gaa g KU
pseudoforce, A-17 LIS @
relation of momentum to, 168-69 ad Ol Adle
relationship to acceleration, 75-77 g bl ae
restoring, 287 Al Jads
short-range, 841 sl juad

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

L :‘73;;3
types of in nature, 128, 897 Aaphll b el Y)
units of, 76 Claa g



Ay guclll ALY
Inertial reference frame, 74, 727, A-
16-A-17 ol o2 ya )

Instantaneous angular accelera tion, 197
Bl g s
Instantaneous angular velocity, 196
Aghaldy ) jae
Instruments electrical, 541-45
Ll S Yl
musical, 329-35 A ga
Insulation, thermal, 396-97
@l «de
Insulators: dilse
electrical, 441-42, 825 Al S
thermal, 396 Lyla
Integrated circuits, 830-31
Alalss il Hla
Intensity: REW

of EM waves, 624
Lpmlalina s S ) 5
of general waves, 305, 306-7

dalall #1503
of light, 671 & goall
of sound, 325-27 G gall
Intensity level, 325, 328-29

328 (5 shaa
Interference, 308-9, 335-36, 668 ff
Jalail)
constructive, 308-9, 335-36, 668 el
destructive, 308-9, 310, 335-36, 668
dalaa
of electrons, 788-89 <L, I of light waves,
668 ff i gl ) a3
of sound waves, 335-37
i geall 15030
thin film, 679-83 ) el
in time, 336-37 Ol s
of water waves, 309 Al #1503
of waves on a string, 308
sl e gl sl
Interference fringes, 668 ff
PRI
Interference microscope, 716
Jals o e Sl
Interferometer, 684 dalall jles
Internal combustion engine, 416-17
AN -]
Internal conversion, 847-48
a1l Jy gl
Internal energy, 386-87, 408-15
Adaal) 48l
Internal reflection, 645-46
(SRl eyl
Internal resistance, 521 Alalall 4k glaall
Interneuron, 511 Sl gy sl
Intervertebral disc, 235 Sl
Intrinsic semiconductor, 826, 827 Al
1 daa e
Inverse proportion, A-1 (omSe il
Inverted population, 803
lon (defn), 441 (<) O
in axons, 511 oSl
lonic bonds, 814, 815, 817, 824
A ) dday )

lonization energy, 775, 778 ol 4k
lonizing radiation (defn), 876

s gladyl
IR radiation, 399, 620, 671 )
eal i plad)
Iris, 701 Ol 38 ja
Irreversible process (defn), 419

Isobaric process, 411
(€ b vie) Lapal) Apalaf dilee
Isochoric (isovolumetric) process, 411

(<l paas i) anall dpslal dlee
asml
3ol allds s L;:l;i.ki

Isomer, 847-48

Isotherm, 410

Isothermal process, 410, 412
A5 s die Aglee

Ice, 360-61, 373, 393, 422 ]

Ice skating, action-reaction pair in, 78

@ dadll o)y dadll 755 el e &l

Ideal gas, 368 Sl S
internal energy of, 368, 386-87

EERRE A

Ideal gas law, 363—67 (JUall jlall ¢ 518

Identities, trigonometric, A-7 (see also inside

back cover) Lhail) Gl ale ) g

SN R Ja)s L

Image distance, 634, 638 day

3 ) seall
Image formation, 637 b guall (<
Images, 634 B
CAT scan, 719 b mue
fiber optic, 645-46 PR

formed by lens, 647-50
A Aol g IS

formed by plane mirror, 633-35 Al s
Aadaa 3 je
formed by spherical mirror, 635-42 ikl s S
4l e
NMR, 894-96
PET and SPET, 893-94
picture sharpness, 700 5y geall 483
real (defn), 634, 637, 649 S
tomographic, 719 sub
virtual (defn), 634, 640, 650
S5 ()
X-ray, 718-19 BESER
Imaging: gl
medical, 718-20, 892-93 b
thermography, 402 o sl
ultrasound, 343-45 S B
Impedance, 606-7 Aaglia
Impulse, 173-75 Ay

Incidence, angle of, 308, 312, 633, 643

Lsiudl 455

Incident wave, 308 Adadlod) As gall
Inclines, motion on, 94-95, 211-12

e A8 jall dlile C}Jﬁu

Incoherent sources of light, 671

Indeterminancy principle (see Uncertainty prin-
ciple)
(O pxe Tase paif)anaas DU fas
Index of refraction, 642, 672

DS Jalaa
Induced charge, 584-85
Alae a0l
Induced electric charge, 442-43
Llae 400 oS Ank
Induced emf, 584 ff
Alae 4y S AS jaa b 8
in generator, 592-95 Jgall &
in transformer, 595-97 Jonall B
Inductance, 600-601 [SHEW
in ac circuits, 603-4
mutual, 600 Jalgia
self, 600-601 o
solenoid, 601 AP
Induction: &all
electromagnetic, 584 ff
Aphalinall ol Sl
Faraday’s law of, 586 ff
EABET
pulse, 595
Induction stove, 588
oA
Inductive reactance, 604
ilaa daglia
Inductor, 600 ff Glas

Inelastic collisions, 175-76, 178-79
U e e Gladliad

Inertia, 74 il
law of, 74 os8
moment of, 206 and ff, (defn, 207) (<=3 dase
rotational, 206-8 s
Inertial confinement, 887
Inertial forces, A-17

Ay)sal 5 8

Inertial mass, 938-39

Helium nuclei, 950 asahaa 8 53
Helium-neon laser, 805 O s 3
Henry, Joseph, 584, 600 «&:)s> 5%
Henry (unit), 600 (3an5) s
Hertz, Heinrich, 619-20
OB om
Hertz (unit), 200, 288 (325) 35 meHertzsprung-
Russell diagram, 932 ff ¥ hhis
sy -
Higgs boson, 920 0305
Higgs field, 920 e dlas
High jump, 185 Sle i
High-energy physics, 901-22
Allal) A8 L s
High-temperature superconductors,
510
3ol allda )y dlle Alliall Cdla gall
Highway buckling, 361 Sl al 3 hay
g el 3R e
Highway mirages, 667 Gl

Hiking trail, convection, 398-99
Jaall 6l E3la b
Holes (in semiconductor), 826, 827

(Jrmsall 2 8) &8
Hologram and holography, 806—7  drawsaill 5 ) geall
il guaill
Hooke, Robert, 237, 680 fn
SETPEE I
Hooke’s law, 147, 237, 287 ff
s ol
Horsepower (unit), 158
(335 5) laal) 5 3l
Hot wires, 540 4 S L
H-R diagram, 932 ff H- R ki
Hubble age, 945 Jdit e

Hubble, Edwin, 929, 942 Geas3f «Jsa Hub-
ble space telescope, 134 pr,713, 935
(Hladll da Sl

Hubble’s constant, 943ds

Hubble’s law, 942-54 and ff
da o 58
Human body: gl )
balance and, 236 & oI

center of mass for, 184-85 J ALl S

energy, metabolism of, 414-15 Uyl il
radiative heat loss of, 400

I daiial) dailizal) 80

temperature, 356, 395 5)lallds
Human ear, 325, 328-29  &adl o
Humidity, 375-76 A5k
partial pressure and, 375-76
EENBRERA]
relative, 375-76 AR
Huygens, Christiaan, 665
Ol S e
Huygens’ principle, 665-66 lase
siads
Hydraulic brakes, 260 A5 i
Hydraulic lift, 260 S 0 1as
Hydrodynamics, 268 ff Al bl
Hydroelectric power, 431
Akl 5l
Hydrogen atom: O sl 8,0
Bohr theory of, 773-79
domik

ground state and excited state of, 775
5l 5 A Y1 A
mass of, 367 Al

quantum mechanics, 794-97 sl Kl
spectrum of, 771-73
Hydrogen bomb, 886
A 5 ynell Al
Hydrogen bond, 818-20
A 5 yugll Ada )l

Hydrogen molecule, 813-16, 823
(EER I (2

Hydrometer, 266-67 e ol Jlae
Hyperopia, 702 radl Jsh
Hysteresis, 573-75 Al
Hysteresis loop, 575 alass

Hadron, 914, 916-17, 949

Osola
Hadron era, 949 s Ags
Hahn, Otto, 878 Sl gla
Hair dryer, 508 omidll Cadaa
Half-life, 848 ff el o

Half-wave rectification, 829

A se Chuaip e
Halley’s comet, 133 pr S el
Halogens, 799 sl
Hammer: FERY

action-reaction pair in striking, 78 J=dll a5 Jadll
alaill 3
work done by, 143 Aol o J s Jads

Hard drive and bit speed, 200
G ladll de s aliall a8l

Harmonic motion: A8 534S a
damped, 298 [AVIEN
forced, 299 i
simple, 287-97 Aoy

Harmonics, 310, 311, 330 fn, 332-33
) gl

Hazards of electricity, 538-41

Al el sy
Head, magnetic, 598 bl Gl
Hearing |
in humans, 325, 328-29 Sl die
threshold of, 329 Aiall

Heart, defibrillator for, 538 fn
il pucall i g ol

Heart, human, 278-79 S a8
and blood flow, 269, 275-76 el ol
ECG, 487

pacemakers, 538 Gl iy o alaia
as pump, 278-79 iiiae

Heartbeats, number of, 13
e calall by
Heat, 384-407, (defn, 385)

SIBN
compared to work, 408 Jadlly 45 )lie
conduction, convection, radiation, 395-402

gl (e (Jual

distinguished from internal energy and
temperature, 386 Aaa s Aalall Al (e 8 jaas
3 all

in first law of thermodynamics, 408 ff =
Saalipal) 3 V) ol

as flow of energy, 385-86 iUl Gl

and human metabolism, 414-15 il g
latent, 391-95 oels
loss through windows, 396

Nl DA
lost by body, 399, 400 pall (e 2l

mechanical equivalent of, 385
Sl )
specific, 387-88 =5
Heat capacity, 405 pr (see also Specific heat)
) pall s ) Wl il 451 el 2adl
Heat death, 426-27 sl sl
Heat engines, 416-21, 430
(5616S) &yl yall A1Y)

efficiency of, 418
temperature difference and, 417 s)lallda 0 354
and thermal pollution, 430
@ lall &gl

Heat of fusion, 392 DVl 5 ) s
Heat of vaporization, 392

Al s ) a
Heat pump, 423 L)) adaiaa
Heat reservoir (defn), 410

SOl Ol A
Heat transfer, 395-402 Bl sl Juass)

Heating, convection, house, 398
G e (il

Heating duct, 269 BN
Heavy elements, 934 LGN aalial)
Heavy water, 880 JaEll oWl
Heisenberg uncertainty principle, 789-92

Ol e (zonsula) fase
Heisenberg,Werner, 787, 790
Dias g oniula
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o glie ilae gl 5050
Lubricants, 73 e
Lorentz transformation, A-25-A-26
Juoddsas
Los Alamos laboratory, 883
orsa¥l gl it
Loudness, 323, 325, 328-29 (see also Intensity)
(3280 Wil lail) < el 3030 evel OF, 328

I s

Loudspeaker, 295, 326, 335, 336, 501, 508, 572

Cipa Sa

LR circuit, 602-3 Faglie Claa sl

LRC circuit, 606-7 Aaglie Claa s ylo

el

Lubricants, 73 Gl e elendia
Luminosity, of stars and galaxies, 930 ff

Sl o saill o shass

Lyman series, 772, 776-77 cla¥ Al

Mach, Ernst, 342 fn Gyl la
Mach number, 342 Flax
Macroscopic (defn), 353
Macrostate, 428 Lpakbds
Magellanic clouds, 929 fn
idale ase

Magnet, 554-57, 573-75
domains of, 573-75 Jsis
electro-, 567 s
permanent, 574 Al
Magnetic confinement, 887

Gdaline 5aY
Magnetic damping, 610 pr

(orabline 2 ged
Magnetic declination, 556

sbline (e

Magnetic dipole, 570 mhlie LS
Magnetic domains, 573-75

Magnetic field, 554-75 (omubline Jlae
of circular loop, 557 I plas
definition of, 558 Jew s determination
of, 568-69 RYON
of Earth, 556 ¥l o
electric current produces, 557

i e
in EM wave, 617-19 Anhaling 5 oS da gall 8
energy stored in, 602 EEESOREIN

force on electric charge and electric current, when
in, 558-63
dala (85 oAl esll a5 450 el Al e 5 a8l
induces emf when changing, 584 ff =~ 4S_aa 38 &uai
s die AL S
lines of, 555 Jhghi
motion of charged particles in, 560-63
o aisnia) o) 8 ja
produced by changing electric field,

616 ff ke (S jeS Jlae Al gy caniif
produced by electric current, 557, 616-17
e

produces electric field, kS Jas il

electric current, emf, 584 ff, 616 ff 558 el S s
Al ¢S A8 ma
of solenoid, 567 sidsudl
of straight wire, 564 iane Ll

Magnetic field lines, 555
ERARESUN FOUR RNy

Magnetic flux, 586, 591

omshalina) gaxil)

changing, produces electric field, 591
heS Jlae il ¢ s
Magnetic force, on electric cur rent, 558-59
el Ll e dpnllines

on moving electric charge, 560-63 adll e

A8 paiall A4Sl
Magnetic head, 598 rabling Ol
Magnetic lens, 768 PENRALEDS-Tr
Magnetic moment, 570 rablinall o )

Magnetic monopole, 555

ol unhaling (kb
Magnetic permeability, 564, 574

el Allaa )

49-1 s s

gravitational deflection of, 927
el Gl el

infrared (IR), 620, 671 ) yeall caas
intensity of, 671 J e sl 305
interference of, 668-71 I Jalal)
monochromatic (defn), 668
Ao sall Jsba galal
photon theory of, 758-61
o5l 4yl
polarized, 684-87 e
ray model of, 632 ff BRI
reflection of, 632, 633 ff Sl
refraction of, 642 ff J s aiy)
scattering of, 690 Jeads
spectrum of visible, 671-73
(el Caglal)
speed of, 8, 619, 622-23, 729-31, 743
Aoy
ultraviolet, 620, 671 (el (358
unpolarized (defn), 684 — laiee e
visible, 620, 671-73 e
wave theory of, 664-95
L sall 4y ylaill
wavelengths of, 620, 670
e sall skl
wave-particle duality of, 765-68 - &x sall dua 503
pmanll
white, 670 et
Light bulb: (s gleas
fluorescent, 803 I
incandescent, 495 A e
Light pipe, 646 S sl

Light-emitting diode, 830
s pall jras S dea
Lightning, 470, 504 8

distance to, 323 Jaildl
Light-year (unit), 915 (53 5) 4 s dine
Linac, 894 il
Line spectrum, 678-79, 771
Linear accelerator, 894 B g e
Linear expansion, coefficient of, 357-58
Jalaa ool aaill
Linear momentum (see Momentum)
(=) i) b o2

Linear velocity, 197, 199 4ad dc ju
Linearly polarized light, 684

Lines of force, 454-56 8l b shad
Liquefaction, 371 e
Liquid, 255, 353 Ji
Liquid crystal display (LCD), 688-89
ALl 5L AsLs
Liquid crystals, 256, 688—-89
AR G AR |
Liquid scintillators, 857 Al gl Jol gl
Liquid-drop model, 866 5 ykadll 3 e
AL
Liquid-in-glass thermometer, 355
glasl dals Jils

Logarithms, A-10-A-11 (see also inside back

cover) dals U il o5 5le o)
Akl )

Longitudinal wave, 303 ff

Afshdase

Long-range force, 841d:sh a &lis

Lookback time, 935 Calall il ey

Loop rule (see Kirchhoff’s rules) Lorentz

transformation, A-25-A-26 (30l 3208

Copdi S el il dilidl)

Los Alamos laboratory, 871

ooVl gl i

Lorentz transformation, A-25- A- 26
sl @Y s
Loudness, 323, 325, 328-29 (see also Intensity)

(322 W kit < el 305fevel Of, 328
5 s
501, 508, 572
Cipa sSa
A glie Claa s yla

Loudspeaker, 295, 326, 335, 336,

LR circuit, 602-3
LRC circuit, 606-7

Lattice, 824 LA
Laue, Max von, 717 @Y st oSl
Lawrence, E.O., 891 w8

Laws, 4-5 (see also specific name of
law) 135053 ¢ 8 ) Ll Ll il 8
LC circuit, 608, 627

Gl - gl 5351

LC oscillations, 608 sl ga ) 3 i)
LCD screen, 688-89 Al 4y ) b Ails
Leakage current, 541 s
Leg, break, 174 S oda
Length dsb
proper, 740 Cnlia
standard of, 8 i o2l el
Length contraction, 740-41

alil) alaial
Lens: e
achromatic, 711 Ay
camera, 697 gt Al
coating of, 682 s
color-corrected, 711 G ol Alana
compound, 711 S
contact, 702, 703-4 Ghaiia

converging, 647, 648, 653 4xY iaaza

corrective, 701-4 JPEEOO
cylindrical, 702 A__,n,lmi
diverging, 647, 648, 650, 653 Aiiia
of eye, 701 nall
eyeglass, 701-4 A las
eyepiece, 706-7 Aue duae
focal length of, 648, 650, 651-52, 656

Il
magnetic, 768 Cudalina
magnification of, 650-53, 704-8 B
normal, 701 b

objective, 706
positive and negative, 651 (ol s ta
power of (diopters), 648
(Awaal) 38 (uld 32 5) 15,04l

resolution of, 711-13 Jilas
telephoto, 701 4 ke dxe
thin (defn), 647 ff a8,
used in combination, 654-55, 710 ff

el pdine
wide-angle, 701 Ay e Al

zoom, 701 oSS
Lens aberrations, 710-11
Al 8l syl

Lens elements, 711 el yualic
Lens equation, 650-53 duaal) Aalas
in Newtonian form, 663 pr
(ol Jeal e
Lensmaker’s equation, 656
Lual) pila Alalas
Lenz’s law, 586 ff PSP
Leonardo da Vinci, 3 (i (5353 )l 5l
LEP collider, 894 LEP sba
Lepton era, 938 Ol daas

Lepton numbers, 899, 900 ¢ sid acl

Leptons, 890, 895, 901, 904-5, 907,
908 <l il
Lever, 162 pr, 229 alic
Lever arm, 203 Aliall #1150

Lid, opening when tight, 359

L) i iy cellat
Life under ice, 360 il a3 slal)
Lifetimes, 901, 902, 905 (see also Half-life)
(el i Lyl lasl) lecY)

Lift, dynamic, 272-3 Sl anian
Light, 632-738 ¢ pun
coherent and incoherent

Aulaia e 5 elulaia
sources of, 671 e

color of, and wavelength, 670, 671 4« Jshs (ol
diffraction of, 665-66, 673-75 EETSS
dispersion of, 671-73 J ezl

Doppler effect for, 341-42 2 Lo i

as electromagnetic wave, 619-22, 664 ff
Aplaling 5 5 da 5a8
emission of, 632 I lay)

Isotopes, 573, 836, A-12-A-15

e
mean life of, 850 el o sia
in medicine, 880-81 bl 4
Iterative technique, 720 ) S 45
Jeweler’s loupe, 705 S sl dxe
Joints: Jualia
expansion, 354 daail)
human, forces in, 234-35
Jalas dll g i)

Joule, James Prescott, 385
s cpman DSy 5
Joule (unit), 137, 143, 204 fn, 385
(23) s>
Jumping, impulse on landing after, 174-75
2 J1 30 die Gl ¢ asll
Junction diode, 828-29
Junction rule (see Kirchhoff’s rules)
(CosiS Sl i) &ile saclBJunction transistor,

830 G5 3 55 S
Jupiter, 133 PR Al
K lines, 800 K Lsha

K 2, cover, 10, 11
Kant, Immanuel, 917
Kaon, 901 RS

K2 <3

K-capture, 847 K alawal
Kelvin temperature scale, 355, 362-63
CAlSIL B ) padl Aa 5 gy
Kelvin (unit), 362 (3an5) ClS
Kelvin-Planck statement of
second law of Sl o sl
thermodynamics, 421 gl el Sl
Kepler, Johannes, 125 OIS ol
Keplerian telescopes, 706
A,lS by Sl
Kepler’s laws, 125-28 S ol $
Kicked football, 58, 61, 66 pr, 67 pr 58S
PEPRC
Kilocalorie (unit), 385 (3a5) ym 5IS
Kilogram (unit), 9, 75 Bas ) ol s SLS)

Kilowatt-hour (unit), 164, 504
(3an5) Al il SIS
Kinematic equations, 27, 56, 201

A8 all c¥alas
Kinematics: i allale
for rotational motion, 201-3
Al gall A8 ,all
translational motion, 19-71
ey A< el
for uniform circular motion, 106-9  4xl sl 4S ja
)
Kinetic energy, 141-44, 210-13,  744-47
A alldyylaill
in collisions, 175-79 Gladlaill
definition, 142 g e
molecular, 370 TSI
relativistic, 744-47 (S s
rotational, 210-13 s
translational, 142 ff Sl
Kinetic friction, 90 ff SSoal iy

Kinetic theory, 352, 367-71, 395
ilaluss S a5k
postulates of, 368
Kirchhoff,G. R, 528 [EPRPES
Kirchhoff’s rules, 528-31
Ca g3 S Uiacld
Lake, volume of, 12-13 A (B _pan
Laminar flow (defn), 268
() Al Sl
Laminated armatures, 594

iniliag g0

Laminated iron cores, 595 |

@.ILLA TR

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

e dums

Lanthanides, 800 el

Laser printer, 463 Aoyl Aalla

Lasers, 803-6 &l

Latent heats, 391-95 Al ) al



Magellanic Clouds 917

Magnet ~ 554- 45,573 -75 Cublite
Domains of a magnet 573- 75 baliaall J sés
Electro — magnet 567 (heS ulalina
Permanent magnet 574 Al (pulalina
Magnetic confinement 875 (orahline jas
Magnetic damping 610 (bl aalas
Magnetic declination 556 (bl ol jail
Magnetic dipole 570 bl
aliadl
Magnetic domains 573-75 Apghaline Jsia
Magnetic field 554-75 rubline Jlae
Magnetic field of circular loop 5 57
2 s Al asghline Jlae
Definition of magnetic field 55 8
maliinall Jlaall iy a3
Determination of magnetic field 5 68 —69
bl Jlaall s
Magnetic field of Earth 556 (bl Jlaall
== _)‘\J\
In EM wave 617-19 EEo
Agubline 5 oS

Energy stored in a magnetic field 6 02
omtbling Jlae b 43 3l 48k

Induces emf when changing magnetic field
584 e 5 (e pati Ains 49l oS Aadlas 8
Jlaall I gha
bl

Motion of charged particles in a magnetic field

560 (rablite Jlae (45 i) Glaguall 48 o
Magnetic field produced by changing electric field
616 S Jlae 85 e U punlalins Jlae

Magnetic field produced by electric current
557, 616- 17 LS (e gl haline Jlae
Sl

Magnetic field lines 555

Magnetic field of solenoid 5 67

s Gl il Jladll
Magnetic field of straight wire 5 64

s AL sl Jladll

Magnetic flux

586, 591 kbl G
Magnetic force 586, 591 Apuplalinall 3 8l
Magnetic head 598 ki il
Magnetic lens 768 Alaling due
Magnetic moment 570 rubline o e
Magnetic monopole 555 ki) galas
il
Magnetic permeability 564, 574 Al 430
Magnetic poles 554-55 Akl il
Magnetic poles of earth 556
o Auadalizall el
Magnetic quantum number 795 22
Magnetic reasonance imaging 882- 84
(erashalinall G )l gesll
Magnetic tape and discs 598
Lnlaline (al A5 a0
Magnetism 554- 75 Lahline
Magnification P
Magnification of Lens 650- 53 Al S5
Magnification of microscope 7 09,715

eaall) S Sl S Magnification of mirror

638 - 39 31 pall s
Magnification of Telescope 7 06-8
DMl o sSdilly 5.K5)
Magnifier 704 , 705 S
Magnifying glass 696, 704- 5 RSzl
Magnifying mirror 640 uS3 8l e
Magnifying Power 705 il 5,08
Main sequence 919, 920 oty Judasi
Malus’ Law 685 waslla (g 38
Manhattan Project 871 Slgie g 5 e
Manometer 260 - 61 e gila
Marconi, Guglielmo 626 (S5S e salia
Mars 126 - 127 Zaoall
Mass 9,75, 256, 744 S
Atomic mass 353, 836 LA
Center of mass 182- 86 PAN W
Critical mass 868 da,ndls
Mass and energy 744 - 47 EEDAPPILY

Mirror equation, 638-39
51 pall Alalae
(P las
Alialoa SIS jia)
Mm Hg (unit), 261 (33s5) G el

MKS system of units, 9

Models, 4-5 i
of particle, 19 axal
Moderator, 880 Jassy
Modern physics, 1, (defn, 727)

Apaa ey 58

Modulation, 627
(Jaad) guall Aida 8 a5
Modulus, elastic, 237-38 454l Jalaa
Molar specific heats, A-20-A-21

A el dge sill 5,5l all
for gases, A-20-A-21 el
of solids, A-22 Aliall ol gall
Mole, 363, 364 Jse
volume of, for gas, 364 Sl caaa
Molecular biology and electric forces,
460-62, 818-21 o shsall o all

sl (el s
Molecular mass and molecular weight, 353,

353 fn
ol sl A sl Al
Molecular rotation, 821-22

ol ol sall
Molecular spectra, 821-23
Ay jall bl
Molecular speeds, 370-71
Ay all Gile )
distribution of, 371 &os
Molecular vibration, 823
ol 3Ry
Molecules, 353 fn, 812-15 <l all
bonding in, 812-15 sl ll
in breath, 367 ol
diatomic, A-22 @
kinetic energy of, 370 RS
potential-energy diagrams for, 815-17
43S Al cllalads

spectra, 821-23 [ BAY
weak bonds between, 817-21
Op A dal g

Moment arm, 203 aomdlgld
Moment, magnetic dipole, 570

HLL'LS.A ‘;\L.ELG cple
Moment of a force, 204 sl ase

Moment of inertia, 206 and ff, (defn, 207)
(<23) il o e
Momentum, 136, 167-93 IS
angular, 213-15 2XB)
conservation of, 170 ff Lads
of photon, 762-63 Osisall

relation of force to, 168—69- s ssll 483\e

relativistic, 742-43, 747 (S i

total, of systems of particles, 185-86
e ol IS
units of, 168 Jlas

Monochromatic aberrations, 710-11
A sal) dgalal cld) )
Monochromatic (defn), 668
() Aasall Jsha galal
Moon, 109, 118, 120, 141 B

Morley, E.W., 730 s
Moseley,H.G. J., 801 (sline g
Moseley plot, 801 (sl o Lalada
Motion: S s
circular, 106-17 A il
at constant acceleration, 26-44
culd &t die
damped harmonic, 298 aala 488 o
description of (kinematics), 19-71  (ple) J oas
el yall
dynamics of, 72 ff I\l
graphical analysis of linear, 36-37 (et Jias
Jhs
Mach, Ernst 342 Flo sl
Mach number 342 e
Macroscopic 353 RS
Macrostate 428 Loals A

U pusSle ¥ olaa

Mean life, 850 aall a5
Measurement, 2, 5-7 s
Mechanical advantage, 89, (defn,  229)

(< 0) ASlSal) sailal)
of hydraulic lift, 260 Sul s uell dadl )
Mechanical energy, 149-55
Mechanical equivalent of heat, 385
5 all Sl ASA)

Mechanical waves, 300 ASlSeall ) 5aY)
Mechanics (defn), 19 il
Medical imaging, 343-45, 402, 718-20,
892-96 bl el
Meitner, Lise, 787, 878 5eY il

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

(aaill s Wl ylaif ol 530 Ll

Mendeleev, Dmitri, 798 s i «adaila

Mercury barometer, 262 &) s sl

Meson, 908, 913-14, 917 Oy
Meson exchange, 908 (s A5
Messenger-RNA, 820-21 Jls 3a
Metabolism, human, 414-15

Metal detector, airport, 595
(M) 8) <l ) el

Metallic bond, 824 Asliak
Metastable state, 803-4, 847
Meter (unit), 8 (32n5) s

Meters (electrical), 541-45
(Bl eS) 8 ol
Metric prefixes (multipliers), 9 (see also inside
front cover) (lieLiaall) 4y yiall o )
oole¥T SR Jals Wyl L)
Metric system, 8-10 il Al
MeV (see Electron volt (unit))
(3as5) b o5 i)
Michelson, A. A., 622-23, 684, 730

OslSile

Michelson interferometer, 684, 730
Jalall o pulSle (ubie

Michelson-Morley experiment, 730
s - Ol 4y a3
Micrometer, 13 e Sl
microscopic property (defn), 353 (U2 i
i ad) (o e

Microphone, 598(< sa »Sa) (585 Sile

capacitor, 546 pr &l 5
Microscope: S Sl
compound, 708-9, 715 S e
electron, 754, 768-69 s
interference, 716 dals
magnification of, 709, 715-16 P
phase-contrast, 716 i - s

resolving power of, 714—15 4.liais ;38
useful magnification of, 715-16 e 2SS
Microstate, 428 Loyee g dlla
Microwave background,

Ay g5 )Ske Adls
TS
s Sika

cosmic, 945-47
Microwaves, 620, 945 ff
Milky Way, 927-29
(Al ) lal A5, pall
Millikan oil-drop experiment, 756
Gl s il Sl 4 jas
Millikan, Robert A., 756, 760

S Sl
Mineral and oil exploration, 122
oy iy Calai
Mirage, 667 Sl
Mirror: 8l
concave and convex, 635 ff, 639-40
A s B yaia
focal length of, 636, 641 (s_sd) =)
magnifying, 640 P
parabolic, 636 S ol
plane, 633-35 e
spherical, 635-42 @38
used in telescope, 707
sSualall 8 aadii

Magnetic poles, 554-55

Aaplalinall sy
of earth, 556 oM
single, 555 3 ke
Magnetic quantum number, 795 e

Magnetic resonance imaging, 894-96
Lpulaliie (4 ) gy e
Magnetic tape and discs, 598
Lpulaline al 5 Ty 54
Magnetism, 55475 (see also Elec  tromagnetism)

(Bl ol g U ) ullin

Magnification: prs
angular, 705, 706, 709 @3l
of lens, 650-53, 704-8 Al
of magnifying glass, 704-5

5 ) daall
of microscope, 709, 715 S5 Sae
of mirror, 638-39 Bl all
of telescope, 706-8 2 Senlall

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

Magnifying glass, 696, 704-5

88 (glad) Bue
Magnifying mirror, 640 5 Sasl e
Magnifying power, 705 (see also Magnifica-

tion)
(sl Ul laif) 3,y 5,800
Main sequence, 931 fn, 932 ff

el Judl)
Malus’ law, 685 fn sl (588
Manhattan Project, 883 Gleile g 5 e
Manometer, 260-61 Sisile
Marconi, Guglielmo, 626
sadlai ga ¢ B S jle
Mars, 126-27 Gl
Mass, 9, 75, 256, 744 s
atomic, 353, 836 @
center of, 182-86 J S
critical, 880 ol 7z s
and energy, 744-47 Al 5
gravitational, 938-39 JELEN
inertial, 938 Gopad
molecular, 353 A
of neutrinos, 912 Sy 5 gill
nuclear, 836-38 Ess
of photon, 762-63 Ol
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