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This book on Principles of Physics is intended to serve fundamental college
courses in scientific curricula.

Physics is one of the most important tools to aid undergraduates, graduates, and
researchers in their technical fields of study. Without it many phenomena cannot
be described, studied, or understood. The topics covered here will help students
interpret such phenomena, ultimately allowing them to advance in the applied
aspects of their fields.

The goal of this text is to present many key concepts in a clear and concise, yet
interesting way, making use of practical examples and attractively colored illustrations
whenever appropriate to satisfy the needs of today’s science and engineering students.

Some of the examples, proofs, and subsections in this textbook have been identified
as optional and are preceded with an asterisk *. For less intensive courses these optional
portions may be omitted without significantly impacting the objectives of the chapter.
Additional material may also be omitted depending on the course’s requirements.

The first author taught the material of this book in many universities in the
Middle East for almost four decades. Depending on the university, he leveraged
different international textbooks, resources, and references. These used different
approaches, but were mainly written in an expansive manner delivering a plethora
of topics while targeting students who wanted to dive deeply into the subject
matter. In this textbook, however, the authors introduce a large subset of these
topics but in a more simplified manner, with the intent of delivering these topics
and their key facts to students all over the world and in particular to students in the
Middle East and neighboring regions where English may not be the native lan-
guage. The second author went over the entire text with the background of study
and/or teaching at Caltech, UC Berkeley, and Yale.

Instructors teaching from this textbook will be able to gain online access from
the publisher to the solutions manual, which provides step-by-step solutions to all
exercises contained in the book. The solutions manual also contains many tips,
colored illustrations, and explanations on how the solutions were derived.
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Fundamental Physical Constants

Quantity

Speed of light in vacuum
Avogadro’s number

Gas constant
Boltzmann’s constant
Gravitational constant
Planck’s constant
Permittivity of free space
Permeability of free space
Atomic mass unit
Electron charge

Electron rest mass

Proton rest mass

Neutron rest mass

me

my

my

Approximate value

3.00 x 108 m/s

6.02 x 102 mol~! = 6.02 x 102 kmol ™!

8.314J/mol ‘K = 8 314J/kmol - K
1.38 x 1073 J/K

6.67 x 107" N - m? /kg?

6.63 x 10737 s

8.85 x 10712C?/N-m?

4 x 1077 T-m/A

1.6605 x 107" kg = 931.49 MeV/c?
-1.60 x 107 C

9.11 x 10731 kg = 0.000549 u
= 0.511 MeV/c?

1.6726 x 107 kg = 1.00728 u
=938.27 MeV/c?

1.6749 x 10~%"kg = 1.008665 u
=939.57 MeV/c?

XV



Other useful constants

Acceleration due to gravity at the Earth’s surface (av.)
Absolute zero (0 K)

Joule equivalent (1 kcal)

Speed of sound in air (20°C)

Density of air (dry)

Standard atmosphere

Electric breakdown strength

Earth: Mass
Radius (av.)

Moon: Mass
Radius (av.)

Sun: Mass
Radius (av.)

Earth—-Moon distance (av.)

Earth—Sun distance (av.)

The greek alphabet

Alpha A o Nu
Beta B p Xi
Gamma T y Omicron
Delta A 0 Pi
Epsilon E &

Zeta V4 {

Eta H n

Theta (C] 0

Iota I 1

Kappa K K Chi
Lambda A 2

Mu M u Omega

Xvi

Rho
Sigma
Tau
Upsilon
Phi

Psi

z

[11

0 € X & < 4 M T 3O 0

g =9.8m/s?
—273.15°C
4,186

343 m/s

1.29 kg/m®
1.01 x 10° Pa
3 x 10° V/m

5.98 x 10%* kg
6.38 x 10°km

7.35 x 10** kg
1.74 x 10 km

1.99 x 103 kg
6.96 x 10° km

3.84 x 10° km
1.5 x 108 km

g = N =



Some SI base units and derived units

Quantity

Mass

Length

Time

Electric current
Force

Energy and work
Power

Pressure
Frequency
Electric charge
Electric potential
Electric resistance
Capacitance
Magnetic field
Magnetic flux

Inductance

Unit name
kilogram
meter
second
ampere
newton
joule
watt
pascal
hertz
coulomb
volt

ohm
farad
tesla
weber

henry

Unit symbol
kg

— oz » ®

In terms of base units

Base
SI

units
kg-m/s?
kg-m?/s?
kg-m?/s?
ke/(ms?)

S—l

As
kg:m?/(A-s?)
kg-m?/(A%%)
A%t/ (kg-m?)
kg/(A-s?)
kgm?/(A-s?)
kg-m?/(s>-A%)

xvii



SI multipliers
yotta
zeta
exa
peta
tera
giga
mega
kilo
hecto
deka
deci
centi
milli
micro
nano
pico
femto
atto
zepto

yocto

xviii

= o~ 2 3 vom N <

(=
o

1024
1021
1018
1015
1012
10°
10°
10°

10712
]0715
1078
10—21
107
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