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abbreviations, 9
acceleration
about, 15, 33-34
angular, 41, 46-47, 112, 117-119, 129
average, 35, 98
centripetal, 4345, 115-116,
150-151
displacement and speed, 39-40
displacement and time, 36-39
gravity, 36, 39, 57, 64-66
inertia, 51
instantaneous, 35
positive and negative, 34-35
second law of motion, 52-57
simple harmonic motion,
150-152, 154
tangential, 114-115, 128-129
uniform and nonuniform, 35-36
amplitude, 144, 149
angles, 45-47, 67
angular acceleration, 41, 46-47,
112,117-119, 129
angular displacement, 41, 46-47, 112
angular frequency, 148
angular momentum, 136-137
angular motion. See rotational
motion
angular speed, 112, 135, 148
angular velocity, 41, 46-47, 116-119,
135-136, 149
antimatter, 164
axes, 27-28, 55

oo

cancelling variable, 11
centripetal acceleration, 4345,
115-116, 150-151

CGS (centimeter-gram-second)
system of measurement, 9-10
circular motion. See also
acceleration: angular motion;
rotational motion
angular acceleration, 41, 46-47, 112
centripetal acceleration, 43-45,
115-116, 150-151
displacement, 41, 46-47
period, 42
radians, 45
through time, 146-147
uniform, 41-42
velocity, 41, 43-44, 46-47
closed system, 103
collisions, 102-103, 105-110
component weight, 74
conservation of angular
momentum, 136-137
conservation of kinetic energy,
105-106, 107
conservation of mechanical
energy, 82, 92-93
conservation of momentum, 101-103
conservative force, 90-92
constant speed, 30
constants, 63, 70, 140, 160-161
conversion factors, 10-11
curves, driving on, 45

oo

deceleration, 33, 35. See also
acceleration

A (delta), 28

direction, 15-17

displacement
about, 25-27
acceleration related to, 3640
angular, 41, 46-47, 112
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displacement (continued)
axes, 27-28
circular motion, 41, 46-47
simple harmonic motion, 154
speed measurement, 28-29, 36
drag (pulling weight), 79-80

oF e

Earth, 63, 65. See also gravity
Einstein, Albert, 8, 159. See also
special relativity theory

elastic collisions, 105-106, 107-108

elastic potential energy, 154-156
elasticity. See also simple
harmonic motion
angular frequency of a mass,
152-154
basics of simple harmonic
motion, 142-144
elastic limit, 140-141
energy and work, 154-156
equilibrium point, 142-143
Hooke’s law, 139-142, 152
restoring force, 142
spring constant, 140
tracking harmonic movement
over time, 144-147
elliptical orbits, 137
energy
kinetic. See kinetic energy
matter equivalent to, 163
mechanical, 82, 92-93
potential, 8, 82, 87-90, 154-156
units, 9
equal and opposite reactions.
See Newton, Sir Isaac: third
law of motion
equality of vectors, 16
equations
acceleration, 34, 35, 36-40
angular equivalents for linear
equations, 45-47, 128
centripetal acceleration, 44-45
displacement vector, 28

E=mc?, 8-9, 159, 163, 165
Hooke’s law, 140, 152
impulse, 96
inclined planes, 68
kinetic energy, 83-84
momentum, 97
Newton’s law of universal
gravitation, 63-65
relativistic kinetic energy,
165, 166-167
relativistic momentum, 165-166
rotational kinetic energy, 136
rotational motion, 111-112
rotational work, 133
second law of motion, 52-53,
127-128
speed, 29-30, 31, 36
time difference, 28
velocity, acceleration, and
distance, 40
work, 133
equilibrium, 58-61, 125-126,
142-144
equilibrium point, 142-143
equilibrium position, 143-144
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firing velocity, 103-105
foot (of a vector), 18
foot-pound-inch (FPI) system of
measurement, 9-10
force
about, 7, 15, 49-50
conservative force and
nonconservative force, 90-92
elastic materials, 139-142
equal and opposite forces, 61-62
equilibrium, 58-61
friction, 69-75
gravity, 63-68
inclined planes, 66-68, 73-75
inertia, 50-51
momentum. See momentum
net force, 52-57, 85-87
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normal force, 69-70, 75
restoring force, 142
tension, 57-58
units, 9, 52
work related to, 77-78, 154-155
free body diagram, 53-54
frequency, 148
friction
about, 50, 68-69
coefficient, 70-77
gravity, 69-75
kinetic energy related to,
83, 86-87, 90-92
Kkinetic friction, 71-73
normal force, 69-70, 75
static, 71-73
uphill, 73-75
fulcrum, 119
fusion, 164
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gravity

acceleration, 36, 39, 57, 64-66

as conservative force, 90-91

friction, 69-75

inclined planes (ramps), 66-68

Newton’s law of universal
gravitation, 63-65

potential energy related to, 88-91

simple harmonic motion
influenced, 143-144, 156-157

o H o

harmonic motion. See simple
harmonic motion

Hertz, 148

Hooke, Robert, 139-140

Hooke’s law, 139-142, 152

o]e

icons, explained, 3
ideal spring, 140

impulse, 95-96, 98-101. See also
momentum

impulse-momentum theorem,
98-99

inclined planes (ramps), 66-68,
73-75, 86-87

inelastic collisions, 105-106

inertia, 50-51, 64, 142. See also
moment of inertia

inertial reference frame, 159-160

instantaneous acceleration, 35

instantaneous speed, 30

isolated system, 103

o]o

joule, 9, 78

o o

kilogram, 9
kinematics, 95. See also impulse;
momentum
kinetic energy
about, 7-8, 81-83
calculating with net force, 85-87
collisions, 105-107
converting from potential energy,
89-90
equation, 83-85
friction related to, 83, 8687,
90-91
relativistic, 165-167
rotational, 134-136
springs, 155-156
kinetic friction, 71-73

o/ o

length, 9, 162-163

lever arm, 119-124, 156-157
light, speed of, 160-161, 164-165
line, collision along, 107-108
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magnitude, 15-17
mass. See also weight
gravity, 63-65
inertia, 51, 64
kinetic energy, 84-87
momentum, 97
potential energy, 88-90
second law of motion, 52-59
units, 9
weight related to, 51, 64
matter, 163-164
measurement systems, 2, 9-14
mechanical energy, 82, 92-93
meter, 9
MKS (meter-kilogram-second)
system, 2, 9-11, 52-53
moment arm, 120
moment of inertia, 129-132, 136
momentum
about, 95, 97
angular, 136-137
collisions, 101-103, 105-110
conservation of, 101-103
firing velocity, 103-105
impulse related to, 98-101
relativistic, 165-166
units, 97
motion
about, 6-7
acceleration. See acceleration
circular. See circular motion
Newton’s laws. See Newton,
Sir Isaac
nonuniform, 30-31
periodic. See periodic motion
rotational. See rotational motion
simple harmonic. See simple
harmonic motion
speed. See speed; velocity

o\ o

net force, 52-57, 85-87
newton, 9, 52-53
Newton, Sir Isaac
about, 49-50
first law of motion, 50-51, 160
law of universal gravitation, 63-65
laws not applicable at relativistic
speeds, 165-167
second law of motion,
52-61, 127-130
third law of motion, 49, 61-62
newton-meter, 78
nonconservative force, 90-92
nonuniform acceleration, 35-36
nonuniform motion, 30-31
nonuniform speed, 30-31
normal force, 69-70, 75

opPe

pendulum, 156-157
period, 42, 147-148, 153
periodic motion. See also simple
harmonic motion; springs
frequency, 148, 153
Hooke’s law, 139-142, 152
pendulum, 156-157
period, 42, 147-148, 153
physics (scope and definition), 5-6
pivot point, 119
potential energy, 8, 82, 87-90,
154-156
power, 93-94
pulleys, 57-61
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radian, 45, 112, 113
ramps (inclined planes), 66-68,
73-75, 86-87



reference circle, 146-147
relativity. See special relativity
theory

restoring force, 142

resultant vector, 17

right hand rule, 117

rotational motion. See also circular

motion

angular acceleration, 117-119
angular momentum, 136-137
angular velocity, 116-117
applying vectors, 116-119
centripetal acceleration, 115-116
equations, 111-112
equilibrium, 125-126
kinetic energy, 134-136
moment of inertia, 129-132
Newton’s second law, 127-130
tangential motion, 112-116
torque, 119-125
work, 132-134

rounding numbers, 13-14

oS e

scalars, 16, 21
scientific notation, 12
second, 9
seesaw, 119-120
SI system. See MKS (meter-
kilogram-second) system of
measurement
significant digits, 12-14
simple harmonic motion
acceleration, 150-152, 154
angular frequency of a mass,
152-154
basics, 142-144
energy, 154-156
Hooke’s law, 139-142, 152
pendulum, 156-157
period and frequency,
147-148, 153

Index ’ 73

tracking over time, 144-147
velocity, 149-150, 154
sine wave, 144-146
special relativity theory
about, 8-9, 159
antimatter, 164
E=mc2equation, 8-9, 159, 163, 165
inertial reference frame, 159-160
length, 162-163
Newtonian physics compared
with, 165-167
speed of light, 160-161, 164-165
time, 161-162
speed. See also acceleration;
velocity
about, 29
average, 31-33, 36
displacement measurement,
28-29
instantaneous, 30
light, 160-161, 164-165
tangential, 113-114, 135
uniform and nonuniform, 30-31
spring constant, 140-141
springs. See also simple harmonic
motion
angular frequency of a mass on,
152-154
basics of simple harmonic
motion, 142-144
energy and work, 154-156
Hooke’s law, 139-142, 152
spring constant, 140
tracking simple harmonic
movement over time, 144-147
static friction, 71-73
Sun, 12, 63-64
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tangential motion, 43, 112-116,
128-129, 135, 149
tension, 57-58
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time, 9, 29, 36-39, 42, 161-162
torque, 119-125, 128-129
pendulum, 156-157
rotational work related to, 134
typographical conventions, 2, 29
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uniform acceleration, 35-36
uniform circular motion, 41-42
uniform speed, 30

o/ e

vectors
acceleration, 34, 35
adding, 17, 19-20
angles, 20-24
angular momentum, 136-137
centripetal acceleration, 44
component sign, 55
components, 20-24
direction, 15-17, 29
displacement, 28
equal, 16
feet, 18
force. See force
graphing, 19
magnitude, 15-17, 20-24, 29
multiplying, 20
notation, 16, 19-20, 21-22
numerical, 19-20
rotation, 116-119
scalars, 16, 21
subtracting, 18, 19-20
torque, 124-125
typographical conventions, 2, 29
velocity, 15, 21-22, 29

velocity. See also acceleration;

speed

angular, 41, 46-47, 116-117

calculating using tangential
speed, 113-114

circular motion, 41, 43-45, 46-47

collisions, 105, 107-110

firing velocity, 103-105

kinetic energy related to, 83-87

momentum, 97, 98

simple harmonic motion,
149-150, 154

vectors, 15, 21-22, 29

o[/ o

watt, 94

weight. See also mass
friction, 69-70, 72-75
mass related to, 51, 64
pushing/pulling, 78-80

work
about, 77-78
conservative force versus

nonconservative force, 90-92

kinetic energy, 81-87, 89-90
negative, 80-81, 85
potential energy, 87-90
power, 93-94
pushing/pulling weight, 78-80
rotational, 132-134
springs, 154-155
units, 78



