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• A •
absolute reference frame, 252
absolute rest, 252
AC circuit

basic description of, 11
capacitor, 91–95
inductor, 95–99
resistor, 87–91
root-mean-square voltage, 

89–90
acceleration

angular, 31
basic knowledge of, 29–30
centripetal, 251, 347–348
defi ned, 30
particle accelerator, 263
speed, 29–30

addition
relativistic speeds, 270–273
and signifi cant fi gures, 27
vector, 29, 347

adiabatic constant, 134
air, index of refraction, 178
algebra, 24–25
alpha decay, 330–331
alpha particle, 296–297, 329
alternating electric fi eld 

(E fi eld)
linearly polarized wave, 157
magnetic fi eld, 157–159
oscillating charge, 156
polarity of potential 

difference, 157
radio wave, 160

alternating voltage
basic description of, 11
connecting to resistor, 

90–91
Ohm’s law for, 88–89
phase diagram of, 104
root-mean-square, 89

aluminum, 318

amplitude
sound wave, 128–129
vibration, 147
wave, 118–119

amu (atomic mass unit), 322
angle

Brewster’s, 185–186
critical, 183
phase, 123
of shock wave, 153–154
trigonometry, 25–26

angle of declination, 64
angle of incidence, 206
angle of refl ection, 206
angular acceleration, 31
angular magnifi cation, 

202–203
angular momentum

Bohr model of atom, 
303–304

conservation of, 329
Stern-Gerlach experiment, 

345
angular momentum quantum 

number, 
310–311, 316

angular velocity, 31
antenna, 160–161, 223
antimatter, 265
antinode, 145
Archimedes’s burning 

mirrors, 211
argon, 318
atom

Bohr model of, 301–306
as building block of matter, 

295
carbon, 322
covalent bond, 315
electron transition in, 

307–308
free atoms is gases, 298–299
ionic bond, 315
line spectra of, 298–299

multi-electron, 314–316
planetary model of, 296–300
plum pudding model of, 

296–297
relating quantum physics 

and, 309–313
atomic mass number, 321
atomic mass unit (amu), 322
atomic number, 314–316, 320
atomic pile, 346
average power, 89
Avogrado’s number, 322

• B •
B (boron), 111, 317
B fi eld. See magnetic fi eld
Balmer series of hydrogen, 

299–301
bar magnet, 10, 62
beat decay, 331–332
beat frequency, 147–148
becquerel (Bq), 336
beryllium, 317
beta particle, 329
blackbody radiation

basic description of, 15–16
intensity versus 

wavelength, 274
modern physics, 15
perfect blackbody, 274
Planck’s constant, 275
Rayleigh prediction, 274

blueshift, 258
Bohr, Niels (Bohr model 

of atom)
allowed Bohr radii,  303–304
allowed energy for 

hydrogen, 305
allowed energy for lithium 

atom, 306
angular momentum, 

303–304
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Bohr, Niels (continued)
basic description of, 301
fi nding allowed energies of 

electrons in, 302–303
observed atomic 

spectra, 302
boron (B), 111, 317
boundary condition, 139, 141
Bq (becquerel), 336
Brewster’s angle, 185–186
bulk modulus, 136

• C •
C (coulombs), 38
calculator

capacitive reactance, 349
centripetal acceleration, 

347–348
energy stored in a 

capacitor, 348
frequency, 349
half-life, 351
inductive reactance, 349
length contraction, 350
relativity, 350
resonance frequency, 348
vector addition, 347
wavelength, 349

capacitance, 92
capacitive reactance

calculator, 349
defi nition of, 92
effective resistance, 93
frequency, 93

capacitor
AC circuit, 91–95
alternating voltage and 

current in, 94
alternating voltage source 

connected across, 92
amount of charge stored in, 

57–58
coulombs per volt (C/V), 58
defi ned, 91
energy calculation, 59, 348
MKS unit for, 58
preserving power, 95
as source of electric 

current, 59

carbon
atom, 322
electron confi guration, 317
half-life, 335

center of curvature, 190, 210, 
212–213

centi- prefi x, 23
centripetal acceleration

calculator, 347–348
frames of reference, 251

CGS (centimeter-gram-
second) system

converting between MKS 
and CGS, 21–22

metric units of 
measurement, 20

charge, 329. See also electric 
charge

charge density, 49
charged object, 47
chemical bond, 315
chemical reaction, 315
chlorine, 318
Ci (curies), 336
circuit

basic knowledge of, 32–33
junction rule, 33
Kirchoff’s rule, 32–33
rules of resistance, 32
with two loops, 32

circular motion
angular velocity, 31
basic knowledge of, 30–32
linear kinetic energy, 32
moment of inertia, 31
object traveling in, 30–31
tangential direction, 30

coherent light sources, 
222, 226–227

collector of electrons, 276
collision of electrons and 

photons, 282–285
color, 180–181
commutator, 77
compression, 117
Compton, Arthur (physicist)

Compton effect, 282–285
wavelength, 284–285

concave lens, 189, 193

concave mirror
center of curvature, 

212–213
object placement, 213–214

condensation, 127
conductor

defi ned, 42
electric fi eld inside, 50–51
valence electron, 44

conserved charge, 38
constant

adiabatic, 134
decay, 336
dielectric, 58–59
Planck’s, 275
Rydberg, 299, 306–307

constructive interference
light wave, 222–224, 228
sound wave, 141–142

contact, charging by, 41–42
control rod (in nuclear 

reactor), 346
converging lens, 188
conversion

conversion factor, 22–23
description of, 20
energy, 21–22
equal unit, 21–22
force, 21
length, 21
mass, 21
metric prefi xes, 23
between MKS and CGS 

system, 21–22
from one unit to another, 

22–23
power, 22
temperature, 24

convex lens, 188–189, 191
convex mirror, 215
coordinate system, 250–251
corrective lens, 200–201
cosine, 26
coulombs (C), 38, 44–45
Coulomb’s law, 44–45
coulombs per volt (C/V), 58
covalent bond, 315
critical angle, 183
Curie, Marie (discovery of 

radioactivity), 344
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curies (Ci), 336
current

basic description of, 11
in capacitor, 94–95
defi ned, 44
direction of, 44, 112
and impedance, 103–108
in inductor, 98, 100, 102–103
resonance frequency, 

109–110
in RLC circuit, 109–110
root-mean-square,  107–108

curved surface, 188
C/V (coulombs per volt), 58
cycle, wave, 119

• D •
Davisson, Clinton (discovery 

of matter waves),  
343–344

de Broglie, Louis
quantization of angular 

momentum, 308–309
wavelength, 285–288

decay constant, 336
decay rate, 336–337
decibel

intensity and decibels of 
common sound, 133

measuring sound in, 132–133
decimal point

scientifi c notation, 24
signifi cant fi gures, 27

decompression, 117
density

charge, 49
of nucleus, 323–324
speed of sound in liquid, 136
speed of sound in solid, 137

destructive interference
light wave, 224, 226, 228
sound wave, 141, 143

diamond, 178
dielectric

constant, 58–59
defi ned, 58
energy calculation, 59
between plates of parallel 

plate capacitor, 58

diffraction
basic description of, 15
equation, 240–241
grating, 241–243
Huygens’s principle, 236
light wave interference, 221
resolving power value, 

243–246
single-slit, 235–241
sound wave, 148–149

diffraction pattern, 237–240
digital signal, 223
diode, 111–112
distance, speed of sound 

calculation, 135
distorted image, 211
diverging lens, 189
division and signifi cant 

fi gures, 27
domain, magnetic, 63
Doppler effect

basic description of, 12
frequency of sound, 

151–152
moving toward source of 

sound, 149–150
the source of sound 

moving, 151
double-slit experiment 

(Young)
“Experiments and 

Calculations Relative 
to Physical Optics” 
(Young), 342

fi rst-order bright bar, 229
fringe, 229
getting an interference 

pattern, 227–228
predicting light and dark 

spots, 229–231
schematic for, 228–229
second-order bright bar, 229
zeroth-order bright bar, 229

• E •
E fi eld (alternating electric 

fi eld)
linearly polarized wave, 157
magnetic fi eld, 157–159

oscillating charge, 156
polarity of potential 

difference, 157
radio wave, 160

echo
boundary condition, 

139, 141
pressure fl uctuation, 140
refl ecting sound wave, 

139–141
refl ection of single pulse of 

pressure, 140
sound wave, 12
zero oscillation, 139

echolocation, 140
Einstein, Albert (physicist)

E = mc², 16
photoelectric effect, 

280, 343
special relativity, 

16, 249, 346
elastic medium, 117
electric charge

basic description of, 11, 37
charging by contact, 41–42
charging by induction, 42–43
conserved, 38
of electron, 38
force between charges, 39
measurement, 38
MKS and CGS units, 21
net charge, 38
and photocopiers, 40
point charge, 44
of proton, 38
repelling and attracting 

forces, 39
static electricity, 40–41

electric current. See current
electric dipole, 169
electric energy density, 170
electric fi eld

basic description of, 45–46
from charged object, 47
defi ned, 46
in electromagnetic wave, 

156–157, 160, 184–185
force on a charge in, 46
inside conductor, 50–51
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electric fi eld (continued)
newtons per coulomb 

(N/C), 46
between parallel plate 

capacitor, 48–50
positive test charge, 46
shielding from, 51
from two point charges, 

47–48
uniform, 48–50

electric fl ux, 167
electric motor

forces, current, and 
magnetic fi eld in, 77

torque, 78
electric permittivity of free 

space, 168
electric potential energy. 

See also voltage
basic description of, 52–53
electric fi eld, 10
electron-volt (eV), 55
equipotential surface, 56–57
force, 10
lightning voltage, 53
point charge, 54–55
work, 53–54

electrical inductor, 100
electricity

basic description of, 10
electric fi eld, 10
force between two 

charges, 10
static, 40–41

electromagnetic spectrum
basic description of, 13, 161
frequency and wavelength 

of light, 163–164
gamma ray, 163
infrared light, 162
microwave, 162, 169
radio wave, 162
ultraviolet light, 162
visible light, 162
X-ray, 163

electromagnetic wave
light as, 155–161
magnetic fi eld, 79
radio wave, 158–161

electron
confi guration, 316–318
discovery of, 296
electric charge of, 38
emitted instantly, 280
interference pattern of, 286
kinetic energy, 279–280
momentum, 283, 293
multi-electron atom, 

314–316
photon and electron 

collision, 282–285
quantum physics, 309–312
single-slit diffraction, 290
speed, 292–293
total energy, 302–303
transitions, 307–308
valence, 44, 315

electron-volt (eV), 55, 281
element symbol, 321
E = mc²

Einstein, 16
equation, 265
kinetic energy, 267–269
rest energy, 265–267

energy
of capacitor, 59
conversion, 21–22
converting between mass 

and, 265–266
converting to mass, 266
of dielectric, 59
energy stored in a capacitor 

calculator, 348
kinetic, 267–269
linear kinetic, 32
MKS and CGS units, 21
photon, 277
potential, 270
rest, 265–267
total, 267, 269–270
wave as transference of, 116

energy density
averaging, 172–174
electric, 170
electric and magnetic 

combined, 171–172
equation, 171
instantaneous energy, 

169–172

of light, 169–174
magnetic, 171–172
root-mean-square, 172
sun’s light on Earth, 173–174

energy level diagram, 
307–308

equation
algebra, 24–25
diffraction, 240–241
diffraction grating, 

242–243
E = mc², 265
energy density, 171
kinetic energy, 267–269
length contraction, 

261–262
magnifi cation, 22, 197–199, 

218–219
mirror, 216–219
with photoelectric effect, 

281–282
resolving power, 245
rest energy, 266
temperature conversion, 24
thin-lens, 194–197, 217
time dilation, 257–260

equipotential surface, 56–57
eV (electron-volt), 55, 291
event, special relativity, 

250, 253
“Experiments and 

Calculations Relative to 
Physical Optics” paper 
(Young), 342

• F •
F (farad), 58
Faraday, Michael (Faraday’s 

law)
basic description of, 12
inductor explained, 96–100
magnetic fl ux, 97–98

farsightedness, 200
ferromagnetic, 63
fi rst-order bright bar, 229
Fizeau, Armand (speed of 

light experiment), 165
fl at mirror, 205–206
fl uorine, 318
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focal length
object between radius of 

curvature and, 192
object closer to lens than, 

192
object lens, 199–200
strength of lens, 189
thin-lens equation, 195

focal point
convex lens, 188
spherical mirror, 210

foot-pound-second (FPS) 
system, 20

force
basic knowledge of, 30
conversion, 21
between electric 

charges, 39
electric potential 

energy, 10
F = ma equation, 30
of gravity, 30
MKS and CGS units, 21
repelling and attracting, 39
torque, 31
between two charges, 10

Foucault, Leon (speed of 
light experiment), 165

FPS (foot-pound-second) 
system, 20

fraction, conversion factor, 
22–23

frames of reference,  
250–251

frequency
alternating voltage, 88
basic description of, 12
beat, 147–148
calculator, 349
capacitive reactance, 93
fundamental, 145
overtone, 145
photo, 277
resonance, 109–110, 147
resonance frequency 

calculator, 348
sound wave, 128
wave, 119
and wavelength of light, 

163–164
fundamental frequency, 145

• G •
G (gauss), 66
gamma decay, 332–333
gamma particle, 329
gamma ray, 163, 332
gases

free atoms in, 298–299
speed of sound in,  

134–136
gauss (G), 66
Geiger counter, 333–334
Geiger, Hans (Rutherford 

scattering experiment), 
296

general relativity, 252
Geological Survey of Canada 

Web site, 64
Gerlach, Walther (angular 

momentum experiment), 
345

Germer, Lester (discovery of 
matter waves), 343–344

glare, 187
glass, 178, 180–181
graph

standing wave, 144–145
wave, 121–122

gravity
force of, 30
general relativity, 252

ground state, 305

• H •
H (henries), 100
half-life

basic description of, 334
calculator, 351
carbon, 335
decay rate, 336–337
exponential decay 

problem, 334
how much a sample left 

using, 335–336
krypton, 335
polonium, 335
radioactivity, 17
radium, 334–335
radon, 335

strontium, 335
uranium, 335

Hall, David (muon 
experiment), 346

harmonics, 145–147
Heisenberg, Werner 

(uncertainty principle)
deriving the uncertainty 

relation, 289–292
uncertainty in electron 

diffraction, 288–289
uncertainty in position, 

given speed, 293
uncertainty in speed, 

292–293
helium

atomic mass unit, 330
electron confi guration, 317

helium nuclei, 296
henries (H), 100
Hertz, Heinrich

photoelectric effect, 276–277
radio wave breakthrough, 

160
hertz (Hz), 88, 119, 128
holographic image, 223
Holzner, Steven 

Quantum Physics For 
Dummies, 275

Huygens’s principle 
(diffraction), 236

hydrogen
allowed energy for (Bohr 

model of atom), 305
electron confi guration, 317
index of refraction for, 178
wavelengths of services of, 

299
hypotenuse, 25
Hz (hertz), 88, 119, 128

• I •
ice, 178
image

distorted, 211
interference in TV, 223
real, 188
virtual, 188–189, 193, 

207, 212
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impedance
fi nding, 105–106
phasor diagram, 104
total potential difference, 105

in phase, 222–223
incident wave, 143
index of refraction

according to wavelength, 
180–181

for air, 178
basic description of, 13
defi ned, 178
for diamond, 178
for glass, 178, 180–181
high to low, 233
for hydrogen, 178
for ice, 178
for liquid, 178
low to high, 233
of the medium, 179
for oxygen, 178
rainbow, separating 

wavelength, 180–181
ratio of speed of light, 

177–178
Snell’s law, 179–180
for water, 178

induction, 42–43
inductive reactance

calculator, 349
root-mean-square, 101

inductor
basic description of, 96
current lags voltage in, 102
Faraday’s law, 12, 96–100
root-mean-square 

voltage, 101
voltage induced by, 99–100

inertial motion, 252
inertial reference frame, 

251, 264
infrared light, 162
infrasonic, 128
insulator, 42–44
integrated circuit, 111
intensity

and decibels of common 
sounds, 133

power fl owing through unit 
area, 130

in terms of total power of 
sound wave, 132

threshold of hearing, 133
interference

beat frequency, 147–148
coherent light source, 222
constructive, 141–142, 

222–224, 228
destructive, 141, 143, 224, 

226, 228
diffraction, 221
harmonics, 145–147
identical waves going in 

opposite directions, 
143–144

principle of superposition, 
141, 223

resonance frequency, 147
single-slit diffraction, 

235–241
standing wave, 143
street light interference 

experiment, 238
thin-fi lm, 231–235
wave, 125

interference pattern
coherent light sources, 

226–227
defi ned, 125
double-slit arrangement, 

227–231
of electron, 286
fringe, 229

interferometer, 272
inverse sine, cosine, and 

tangent, 26
inverted pulse, 233
ionic bond, 315
isolated system, 38
isotope, 322

• J •
junction rule, 33

• K •
kilo- prefi x, 23
kinetic energy

basic description of, 52
electron, 279–280

equation, 267–269
total energy of, 269–270

Kirchoff’s rule, 32–33
krypton half-life, 335

• L •
lagging current, 102–103, 

106–108
law of refl ection, 216
lead, 94
leading current, 94–95, 

106–108
length

conversion, 21
MKS and CGS units, 21
vector, 28

length contraction
calculator, 350
equation, 261–262
proper length, 261–262
rest frame, 260
variable, 261
why and how length 

contracts, 259–261
lens

center of curvature, 190
concave, 189, 193
converging, 188
convex, 188–189, 191
corrective, 200–201
diverging, 189
farsightedness, 200
focal length, 189, 192
focal point, 188
how light passes 

through, 14
magnifi cation, 199–203
magnifying glass, 193
microscope, 201–203
nearsightedness, 200
objective, 199–200
optical axis, 190
radius of curvature, 

190, 192
ray diagram, 190–192
real image, 14
telescope, 199, 203
thin-lens equation, 

14, 194–197, 217
virtual image, 14
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light. See also speed of light
alternating electric fi eld 

(E fi eld), 156–161
diffraction, 15
electromagnetic spectrum, 

161–164
as electromagnetic wave, 

155–161
energy density, 169–174
frequency and wavelength 

of, 163–164
incoming side of lens, 195
index of refraction, 

177–181
infrared, 162
interaction with matter, 13
lens, 14
light colliding with light, 15
magnetic fi eld, 157–159
monochromatic, 276
outgoing side of lens, 195
partial refl ection, 184–186
particle nature of, 282–285
polarized, 182, 184–186
ray, 13, 176–177
ray diagrams, drawing, 

190–194, 212–216
refl ected, 13
refl ection, 182–186
refraction, 13–14
splitting, 227–231
ultraviolet, 162
visible, 162

light wave
basic description of, 12–13
electromagnetic 

spectrum, 13
point source, 176
speed of light, 12–13

light wave interference. 
See interference

lightning voltage, 53
light-year, 258
line object, 191
line source, 187
line spectra, 298–300
linear kinetic energy

circular motion, 32
conservation of, 329

linearly polarized wave, 157
liquid

index of refraction for, 178
speed of sound in, 136–137

lithium ion, 306
lithium, electron 

confi guration, 317
longitudinal wave

echo, 139
elastic medium, 117

loop antenna, 160
loop rule, 33
loudness, 12
luminiferous ether, 225
Lyman series of hydrogen, 299

• M •
magnesium, 318
magnetic angular 

momentum, 312
magnetic energy density, 

171–172
magnetic fi eld

basic description of, 
11, 65–66

charged particle in, 68–69
circular motion, 70–71
from current loop, 82–84
direction of, 62–63, 67–68, 

75–76, 80, 157–159
E fi eld, 157–159
from electric current, 79–83
Faraday’s law, 12
fi eld direction, 80–81
force on a current in, 75–76
light, 157–159
MKS system unit, 66
path of charge, 69–70
positive charge being 

pushed in, 69–70
proportionality, 80
radius of orbit, 71–73
right-hand rule, 67–68, 

75–76, 80, 159
solenoid, 84–86
from straight wire, 79–82
tesla unit, 66
wire and cable, 76

magnetic fl ux, 97–98
magnetic force

on a current in magnetic 
fi eld, 75–76

on electrical current, 74–78
magnitude of, 66–67
right-hand rule, 67–68

magnetic permeability of free 
space, 168

magnetic quantum number, 
311–312

magnetism
angle of declination, 64
bar magnet, 10, 62
basic description of, 11, 62
domain, 63
Earth’s poles, 64
electron loop, 62
ferromagnetic, 63
magnetic material, 62–63
magnetic pole, 63–65
Megnes (magnetism) 

legend, 61
MKS and CGS units, 21
paramagnetic, 63
permanent magnet, 62–63

magnifi cation
angular, 202–203
equation, 22, 197–199, 

218–219
lens, 199–203
thin-lens equation,  

194–197
magnifying glass, 193
magnitude

magnetic force, 66–67
vector, 28–29

Marconi, Guglielma 
(physicist), 160

Marsden, Ernest (Rutherford 
scattering experiment), 
296

mass
conversion of units, 21
converting between mass 

and energy, 265–266
E = mc², 16
MKS and CGS units, 21

mass defect, 327–328
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mass spectroscope, 73–74
matter

antimatter, 265
atom as building block of, 

295
defi nition of, 273

matter wave
Davisson-Germer 

experiment, 343–344
modern physics, 15

maxima of light, 241–242
Maxwell, James Clerk (speed 

of light), 12–13, 155, 
167–168

measurement
basic skill, 19
centimeter-gram-second 

(CGS) system, 20–22
conversion, 20–24
electric charge, 38
foot-pound-second (FPS) 

system, 20
meter-kilogram-second 

(MKS) system, 20–22
scientifi c notation, 24
signifi cant fi gures, 26–27

medium wave, 115, 117, 225
meter-kilogram-second 

(MKS) system
converting between MKS 

and CGS, 21–22
metric units of 

measurement, 20
metric prefi x, 23
mica, 59
Michelson, Albert (speed 

of light experiment), 
165–167, 225, 342

micro- prefi x, 23
microchip, 111
microscope, 201–203
microwave, 162, 169
milli- prefi x, 23
millivolt (mV), 99
mirror. See also refl ection

angle of incidence, 206
angle of refl ection, 206
concave, 212–215
convex, 215
curved, 14

equation, 216–219
fl at, 14, 205–206
magnifi cation equation, 

22, 218–219
mirror myth, left-right 

fl ip, 207
partial, 206
plane, 206–207
refl ected light, 14
refl ection basics, 205–209
size, 208–210
spherical, 210–211, 216
thin-lens equation, 217

MKS (meter-kilogram-
second) system

converting between MKS 
and CGS, 21–22

metric units of 
measurement, 20

modern physics
blackbody radiation, 

15, 274–275
nuclear physics, 17, 319–337
particle waves, 16–17, 

285–288
quantum mechanics, 

15, 309–318
radioactivity, 17, 328–337, 

351
special relativity, 

16, 249–272, 350
modulus, 136
mole, 135, 322
moment of inertia, 31
momentum

angular, 303–304, 345
electron, 283
inertial reference frame, 264
magnetic angular, 312
particle accelerator, 263
photon, 283
relativistic speed, 264
special relativity, 262–264
speed, 293
variable, 263

monochromatic light, 276
monofrequency sound, 130
Morley, Edward 

(interferometer 
experiment), 225

motion
inertial, 252
kinetic energy, 267–269
supersonic, 153

m/s (meters per second), 30
m/s2 (meters per second 

squared), 30
multiple-slit diffraction, 

241–243
multiplication and signifi cant 

fi gures, 27
muon (mu meson), 346
mV (millivolt), 99

• N •
nano- prefi x, 23
nanometer (nm), 118, 164
N/C (newtons per 

coulomb), 46
near point, 203
nearsightedness, 200
negative charge (–), 37
negative work, 53–54
neon electron confi guration, 

318
net charge, 38
neutral pion, 265
neutron

atomic mass number, 321
charge, 37
nucleus structure, 320
stabilizing power of, 326

neutron number, 321–323
Newton, Isaac

and modern physics, 15
newtons units of force, 30

newtons per coulomb 
(N/C), 46

nitrogen electron 
confi guration, 317

nm (nanometer), 118, 164
node (wave), 145
noninertial reference frame, 

251
normal mode, 145
n-type semiconductor, 

111–112
nuclear fi ssion, 17
nuclear fusion, 17
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nuclear number, 329
nuclear physics, 17
nuclear reaction, 329, 346
nucleus

binding energy of, 327–328
density of, 323–324
discovery of, 297
neutron, 320
nuclear force, 324–328
proton, 320
radius and volume of, 323
Rutherford scattering 

experiment, 296–297
strong nuclear force, 

325–326
structure of, 320

• O •
object

charged, 47
curved surface, 188
kinetic energy of, 268
line, 191
point source, 187
as source of light ray, 187

offset wave, 123
Ohm’s law

for alternating voltage, 88–89
resistor measured in 

ohms, 32
optical axis, 190
orbit, 301
orbital angular momentum 

quantum number, 
310–311

oscillating system, 110
out of phase, 94, 224
overtone, 145
oxygen

electron confi guration, 318
index of refraction for, 178

• P •
Pa (pascals), 130
parallel plate capacitor

dielectric between, 58
electric fi eld between, 48–50

equipotential surfaces 
between, 57

permittivity of free space, 49
paramagnetic, 63
partial mirror, 206
partial refl ection, 184–186
particle

alpha, 296, 329
beta, 329
gamma, 329
particle nature of light, 

282–285
wave nature of matter, 

285–288
particle accelerator, 263
particle theory of photon, 279
pascals (Pa), 130
Paschen series of 

hydrogen, 299
Pauli, Wolfgang (Pauli 

exclusion principle), 
314–316

peak voltage, 88
peak-to-trough, 222
perfect blackbody, 274
period

basic description of, 12
wave, 119

periodic disturbance, 12
permanent magnet, 62–63
permittivity of free space, 

49, 168
phase angle, 123
phasor diagram, 104
phosphorous

dope silicon with, 111
electron confi guration, 318

photocopier, as electric 
charge example, 40

photoelectric effect
calculations with, 281–282
Einstein, 280, 343
experimental apparatus 

measuring the, 276–277
photon

defi ned, 16
energy needed to pull 

electron out of metal, 
279–280

energy of, 277
frequency, 277
light frequency, 278
momentum, 283
particle theory of, 279
photon and electron 

collision, 282–285
turning mass into light, 267

pitch of sound, 12, 128, 
149–152

pitchblende, 344
plane mirror, 206–207
planetary model of atom

Bohr model of atom, 
301–306

collapsing atoms, 297–298
fi nding the nucleus from 

alpha particle, 296–297
line spectra, 298–300

plum pudding model, 
296–297

point charge
electric potential energy, 

54–55
force between charge 

calculation, 44
point source, 176, 187
polarity, 157
polarization

basic description of, 184
sunglasses glare, 187

polarized light
basic description of, 182
partial refl ection, 184–186
refl ecting at Brewster’s 

angle, 185–186
polonium half-life, 335
positive charge (+), 37
positron, 266, 331
postulate, 252–253
potential energy, 270. 

See also electric 
potential energy

power
conversion, 22
intensity, 130
resolving power value, 

243–246
power of ten, 23
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prefi x, 23
pressure

fl uctuation, 140
MKS and CGS units, 21

principal maxima (light), 242
principal quantum number, 

310, 316
principle of superposition, 

141, 223
proper length, 261–262
proper time interval, 255
proportionality, 80
proton

atomic mass number, 321
charge, 37
electric charge of, 38
nucleus structure, 320
repelling force between, 325

p-type semiconductor, 
111–112

pulse
compression and 

decompression, 117
rarefraction, 128

pure-tone sound, 130
Pythagorean theorem, 25

• Q •
quanta, 275
quantized system, 275
quantum mechanics, 15
quantum number

angular momentum, 
310–311, 316

magnetic, 311–312
magnetic angular, 312
number of quantum state 

confi guration, 312–314
principal, 310, 316
spin, 312, 345
states, 311

Quantum Physics For 
Dummies (Holzner), 275

• R •
radiation, blackbody

basic description of, 15–16
intensity versus 

wavelength, 274
modern physics, 15
perfect blackbody, 274
Planck’s constant, 275
Rayleigh prediction, 274

radii, 303–304
radio development, 160
radio signal, 120
radio wave

basic description of, 159
electromagnetic spectrum, 

162
electromagnetic wave, 158
loop antenna, 160
vertical antenna, 160

radioactivity
alpha decay, 330–331
alpha particle, 329
basic description of, 328
beta decay, 331–332
beta particle, 329
Curie discovery of, 344
decay rate, 336–337
gamma decay, 332–333
gamma particle, 329
half-life, 17, 333–335
modern physics, 17
nuclear reaction, 329
pitchblende, 344
types of, 17

radium
half-life, 334–335
radioactivity, 332

radius
of curvature, 190, 192, 210
and volume of nucleus, 323

radon half-life, 335
rainbow

color, 180–181
refl ection on, 184

rarefraction
pulse, 128
sound wave as vibration, 128

ray
line source, 187
object as source of, 187
point source, 176
representing a wave, 176
reversibility, 177
traveling in straight line, 

177
ray diagram, 190–192
Rayleigh, Lord (blackbody 

spectrum prediction), 
274

real image, 14, 188
redshift, 258
reference frame, 250–251
refl ected light

angle of incidence, 13
mirror, 14

refl ected wave, 143
refl ection. See also mirror

angle of, 206
law of, 216
partial, 184–186
in rainbow, 184
total internal, 182–184
wave behavior, 124–125

refraction. See also index of 
refraction

basic description of, 13–14
index of, 13, 177–181
wave behavior, 124

relativity calculator, 350. See 
also special relativity

relativity postulate, 252
repelling and attracting 

forces, 39
resistance

basic description of, 88
rules of resistance, 32

resistor
basic description of, 87–88
connecting alternating 

voltage source to, 90–91
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ideal, 88
in phase, 91
resistor measured in 

ohms, 32
voltage and current 

alternating in, 91
resolving power, 243–246
resonance frequency

amplitude of vibration, 147
calculator, 348
capacitor and inductor 

effects, 109
oscillating system, 110

rest energy
changing mass to energy/

energy to mass, 266
equation, 266
neutral pion, 265
positron, 266
turning mass into light, 267

rest frame, 260
right triangle, 25–26
right-hand rule, 67–68, 75–76, 

80–81, 159
RLC circuit

basic description of, 103
determining amount of 

leading or lagging, 
106–108

fi nding maximum current 
in, 109–110

impedance, 104–106
Röntgen, Wilhelm Conrad 

(discovery of X-ray), 344
root-mean-square

alternating voltage, 89–90
current, 107–108
energy density, 172
inductive reactance, 101

Rossi, Bruno (muon 
experiment), 346

rules of resistance, 32
Rutherford, Ernest

discovery of atom’s 
nucleus, 345

scattering, 296–297
Rydberg constant, 299, 

306–307

• S •
scattering (Rutherford), 296
scientifi c notation, 24
second-order bright bar 

(light), 229
semiconductor

basic description of, 
110–111

integrated circuit, 111
microchip, 111
n-type, 111–112
p-type, 111–112

series RLC circuit
basic description of, 103
determining amount of 

leading or lagging, 
106–108

fi nding maximum current 
in, 109–110

impedance, 104–106
shock wave, 152–154
silicon

doped (semiconductor), 111
electron confi guration, 318

sine wave, 26, 121–122
single-slit diffraction

diffraction calculation, 
240–241

diffraction pattern, 
237–240

for electrons, 290
Huygens’s principle,  236–237
interference, 235–236

SLAC (Stanford Linear 
Accelerator Center), 263

slowing time
blueshift, 258
equation, 257–260
light clock example, 254–255
proper time interval, 255
redshift, 258
shifting light frequency, 258
slow speed, 256
time measured by two 

observers, 255
variable, 256

Snell’s law, index of 
refraction, 179–180

sodium, 318
solar system, 297
solenoid

basic description of, 11
electromagnet, 79
magnetic fi eld, 84–86

solid, speed of sound in, 
137–138

sonar, 140
sonic boom, 152–153
sonogram, 140
sound

constant tone, 129
decibels, 132–133
echolocation, 140
infrasonic, 128
intensity, 130
monofrequency, 130
pure-tone, 130
speed of, 133–138
ultrasonic, 128
volume, 129

sound barrier, 153
sound wave

amplitude, 128–129
basic description of, 12
diffraction, 148–149
Doppler effect, 12, 149–152
echo, 12, 139–141
frequency, 128
human ear example, 128
intensity, 131–133
interference, 141–148
loudness, 12
measuring sound pressure 

in, 130–131
music example, 128
node, 145
pitch, 12
as vibration, 127–129

special relativity
basics of, 250–253
coordinate system, 

250–251
Einstein, 16, 249, 346
event, 250, 253
general relativity, 252
imaginative discussion, 249
inertial motion, 252
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special relativity (continued)
inertial reference frame, 251
length contraction, 259–262
modern physics, 16
momentum, 262–264
reference frame, 250–251
relativity postulate, 252
speed of light postulate, 

252–253
time dilation, 254–259
velocity, 270–273

spectroscope, 73–74
speed

electron, 292–293
transverse wave, 120–121
velocity and acceleration, 

29–30
wave, 120

speed of light
distance around the 

world, 164
failed experiment of, 164
Fizeau and Foucault 

experiment, 165
length contraction 

calculator, 350
Maxwell calculations, 

12–13, 155, 167–168
Michelson experiment, 

165–167, 225, 342
speed of light postulate, 

252–253
speed of sound

described, 133
in gases, 134–136
in liquids, 136–137
resistance to deformation, 

136
in solids, 137–138
stats, 134

sphere, 132
spherical mirror

Archimedes’s burning 
mirrors, 211

center or curvature, 210
distorted image, 211
focal point, 210
law of refl ection, 216
mirror equation, 216–219

radius of curvature, 210
uses for, 211

spin quantum number, 
312, 345

splitting light, 227–231
standing wave

destructive interference, 
143–145

graph, 144–145
incident wave, 143
normal mode, 145–146
refl ected wave, 143

Stanford Linear Accelerator 
Center (SLAC), 263

state, quantum number, 311
static change, 10
static electricity, 40–41
Stern, Otto (angular 

momentum experiment), 
345

strong nuclear force, 325–326
strontium half-life, 335
subtraction, 27
sulfur, electron 

confi guration, 318
sunglasses glare, 187
superposition principle, 141
supersonic motion, 153
symbol, element, 321

• T •
T (tesla), 66
tangent, 26
tangential direction, 30
technological 

advancement, 15
telescope, 199, 203
temperature conversion, 24
tesla (T), 66
thin-fi lm interference

accounting for changes in 
wave phase, 233

calculation, 233–235
sending light ray on 

different path, 231–232
thin-lens equation

calculation, 196
description of, 195

focal length, 195
image distance, 195
object distance, 195
real image, 14
virtual image, 14

Thomson, J.J. (electron 
discovery), 296

thorium
atomic mass unit, 330
radioactivity, 331

time dilation
blueshift, 258
Einstein, 1
equation, 257–260
light clock example, 

254–255
proper time interval, 255
redshift, 258
shifting light frequency, 258
slow speed, 256
time measured by two 

observers, 255
variable, 256

torque
electric motor, 78
moment of inertia, 31
turning force, 77

total energy
conversation of, 329
kinetic energy, 267, 269
potential energy, 270

total internal refl ection, 
182–184

total potential difference, 105
transverse wave

direction of travel of, 116
speed, 120–121

trigonometry, 25–26
TV signal, 223

• U •
ultrasonic sound, 128
ultraviolet light, 162
uncertainty principle 

(Heisenberg)
deriving the uncertainty 

relation, 289–292
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uncertainty in electron 
diffraction, 288–289

uncertainty in position, 
given speed, 293

uncertainty in speed, 
292–293

uniform electric fi eld, 48–50
United States Geological 

Survey Web site, 64
uranium

atomic mass unit, 330
half-life, 335
radioactivity, 330

• V •
valence electron, 44, 315
variable, 2
vector

addition, 29, 347
basic knowledge of, 28–29
length, 28
magnitude, 28–29
resolving into components, 

28–29
vector addition calculator, 347
velocity

angular, 31
basic knowledge of, 29–30
change in direction, 30
defi nition of, 29
special relativity, 270–273
speed, 29–30

vertical antenna, 160
vibration

amplitude, 147
sound wave as, 127–129

virtual image
basic description of, 14
concave lens, 189, 193
concave mirror, 212
convex lens, 188
plane mirror, 207

visible light, 162
vision, 200
voltage. See also alternating 

voltage; electrical 
potential energy

basic description of, 10

current leads the, 94
defi ned, 52
loop rule, 33
peak, 88
root-mean-square, 89–90, 

101, 107
sum of voltage around a 

loop, 33
volume

and radius of nucleus, 323
sound, 129

• W •
water, 178
wave. See also light 

wave; matter wave; 
sound wave

amplitude, 118–119
bulk movement, 116
cycle, 119
defi ned, 12
frequency, 119
graphing, 121–122
incident, 143
interference pattern, 125
linearly polarized, 157
longitudinal, 117, 139
medium, 115
modern physics, 16–17
offset, 123
out of phase, 224
peak-to-trough, 118, 222
period, 119
periodic disturbance, 12
in phase, 222–223
properties of, 117–121
ray representing a, 176
refl ected, 143
refl ection, 124–125
refraction, 124
shock, 152–154
sine, 121–122
speed, 120
standing, 143–145
as transference of energy, 

116
transverse, 116, 120–121

as traveling disturbance, 
115–116

wavelength
basic description of, 12
calculation, 120
calculator, 349
Compton (photons), 

284–285
de Broglie (matter), 285–288
frequency and wavelength 

of light, 163–164
index of refraction 

according to, 180–181
one-half, 228
peak, 118
trough, 118

Wb (weber), 99
wire loop, 97–98
work, 53–54
work function (WF), 280

• X •
x-axis, 25
xerography, 39
X-ray

electromagnetic wave, 163
Röntgen discovery of, 344

• Y •
y-axis, 25
Young, Thomas

double-slit experiment, 
227–231

“Experiments and 
Calculations Relative to 
Physical Optics” paper, 
342

Young’s modulus, 137–138

• Z •
zero oscillation, 139
zeroth-order bright bar 

(light), 229
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