
Conversion Factors A

Table A.1 Length

m cm km in. ft mi

1 meter 1 102 10−3 39.37 3.281 6.214 × 10−4

1 centimeter 10−2 1 10−5 0.3937 3.281 × 10−2 6.214 × 10−6

1 kilometer 103 105 1 3.937 × 104 3.281 × 103 0.621 4

1 inch 2.540 × 10−2 2.540 2.540 × 10−5 1 8.333 × 10−2 1.578 × 10−5

1 foot 0.304 8 30.48 3.048 × 10−4 12 1 1.894 × 10−4

1 mile 1 609 1.609 × 105 1.609 6.336 × 104 5280 1

Table A.2 Time

s min h day year

1 second 1 1.667 × 10−2 2.778 × 10−4 1.157 × 10−5 3.169 × 10−8

1 minute 60 1 1.667 × 10−2 6.994 × 10−4 1.901 × 10−6

1 hour 3 600 60 1 4.167 × 10−2 1.141 × 10−4

1 day 8.640 × 104 1440 24 1 2.738 × 10−5

1 year 3.156 × 107 5.259 × 105 8.766 × 103 365.2 1

Table A.3 Area

m2 cm2 ft2 in.2

1 square meter 1 104 10.76 1550

1 square centimeter 10−4 1 1.076 × 10−3 0.1550

1 square foot 9.290 × 10−2 929.0 1 144

1 square inch 6.452 × 10−4 6.452 6.944 × 10−3 1

Note 1 square kilometer = 247.108 acres
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Table A.4 Volume

m3 cm3 L ft3 in.3

1 cubic meter 1 106 1000 35.51 6.102 × 104

1 cubic centimeter 10−6 1 1.000 × 10−3 3.531 × 10−5 6.102 × 10−2

1 liter 1.000 × 10−3 1000 1 3.531 × 10−2 61.02

1 cubic foot 2.832 × 10−4 1 28.32 1 1728

1 cubic inch 1.639 × 10−4 16.39 1.639 × 10−2 5.787 × 10−4 1

Note 1 U.S. fluid gallon = 3.786 L

Table A.5 Speed

m/s cm/s ft/s mi/h km/h

1 meter per second 1 102 3.281 2.237 3.6

1 centimeter per second 10−2 1 3.281 × 10−2 2.237 × 10−2 3.6 × 10−2

1 foot per second 0.304 8 30.48 1 0.681 8 1.097

1 mile per hour 0.447 0 44.70 1.467 1 1.609

1 kilometer per hour 0.277 8 27.78 0.9113 0.6214 1

Table A.6 Mass

kg g slug u

1 kilogram 1 103 6.852 × 10−2 6.024 × 1026

1 gram 10−3 1 6.852 × 10−5 6.024 × 1023

1 slug 14.59 1.459 × 104 1 8.789 × 1027

1 atomic mass unit 1.660 × 10−27 1.660 × 10−24 1.137 × 10−28 1

Note 1 metric ton = 1000 kg

Table A.7 Force

N lb

1 newton 1 0.224 8

1 pound 4.448 1

Table A.8 Work, energy, and heat

J ft.lb eV

1 joule 1 0.737 6 6.242 × 1018

1 foot-pound 1.356 1 8.464 × 1018

1 electron volt 1.602 × 10−19 1.182 × 10−19 1

1 calorie 4.186 3.087 2.613 × 1019

1 British thermal unit 1.055 × 103 7.779 × 102 6.585 × 1021

1 kilowatt hour 3.600 × 106 2.655 × 106 2.247 × 1025
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Table A.8 Continued

cal Btu kWh

1 joule 0.238 9 9.481 × 10−4 2.778 × 10−7

1 foot-pound 0.323 9 1.285 × 10−3 3.766 × 10−7

1 electron volt 3.827 × 10−20 1.519 × 10−22 4.450 × 10−26

1 calorie 1 3.968 × 10−3 1.163 × 10−6

1 British thermal unit 2.520 × 102 1 2.930 × 10−4

1 kilowatt hour 8.601 × 105 3.413 × 102 1

Table A.9 Pressure

Pa atm cm Hg lb/in.2 lb/ft2

1 pascal 1 9.869 × 10−6 7.501 × 10−4 1.450 × 10−4 2.089 × 10−2

1 atmosphere 1.013 × 105 1 76 14.70 2.116 × 103

1 centimeter mercurya 1.333 × 103 1.316 × 10−2 1 0.194 3 27.85

1 pound per square inch 6.895 × 103 6.805 × 10−2 5.171 1 144

1 pound per square foot 47.88 4.725 × 10−4 3.591 × 10−2 6.944 × 10−3 1
aAt 0◦C and at a location where the free-fall acceleration has its “standard” value, 9.806 65 m/s2



Basic Rules and Formulas B

Scientific Notation

When numbers in powers of 10 are expressed in scientific notation are being multi-

plied or divided, the following rules are very useful:

10m × 10n = 10m+n

10m

10n
= 10m−n

(B.1)

When powers of a given quantity x are multiplied or divided, the following rules

hold:

xm × xn = xm+n

xm

xn
= xm−n

(B.2)

The Distance Between Two Points

In Fig. B.1, P(x1, y1) and Q(x2, y2) are two different points in the (x, y) plane. As

we move from point P to point Q, the coordinates x and y change by amounts that

we denote by �x and �y (read “delta x” and “delta y”). Thus:

The change in x = �x = x2 − x1

The change in y = �y = y2 − y1

(B.3)

One can calculate the distance between the two points P and Q from the theorem

of Pythagoras in geometry such that:
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The distance PQ = √
(�x)2 + (�y)2 = √

(x2 − x1)2 + (y2 − y1)2 (B.4)

Fig. B.1
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Slope and the Equation of a Straight Line

The slope of a line (usually given the symbol m) on which two points P and Q lie, is

defined as the ratio �y/�x, see Fig. B.2. Thus:

slope ≡ m = �y

�x
(B.5)

Fig. B.2

x-axis

y-axis

o

x

y
P

Q

(0,b)

Using this basic geometric property, we can find the equation of a straight line in

terms of a general point (x, y), and the y intercept b of the line with the y-axis and

the slope m of the line, as follows:

y = mx + b (B.6)



B Basic Rules and Formulas 1005

Exponential and Logarithmic Functions

An exponential function with base a has the following forms:

y = ax (a > 0, a �= 1) (B.7)

where x is a variable and a is a constant, i.e., the exponential function is a constant

raised to a variable power. Exponential functions are continuous on the interval

(−∞,∞) with a range [0,∞] and have one of the basic two shapes shown in

Fig. B.3.

Fig. B.3

y axy ax

y

(a> 1)(0 < a < 1)

x00

Moreover, some algebraic properties of exponential functions are:

1. ax × ay = ax+y

2. (a b)x = ax × bx

3. (ax) y = a x y

4.
ax

ay
= a x−y

5. ax/q = q
√

ax = ( q
√

a)x, (q integer and q > 0)

6. a0 = 1, (for every positive real number a)

(B.8)

The logarithmic function to the base a of x is introduced as the inverse of the

exponential function x = ay. That is, y = loga x is the power (or exponent) to which

a must be raised to produce x, so that:

y = loga x (is equivalent to) x = ay (B.9)



1006 B Basic Rules and Formulas

Additionally, some algebraic properties of logarithmic functions for any base a are

as follows:

1. loga(xy)= loga(x) + loga(y) Product property

2. loga(x/y)= loga(x) − loga(y) Quotient property

3. loga(x
r)= r loga(x) Power property

4. loga(1/x)= − loga(x) Reciprocal property

(B.10)

Historically, the first logarithmic base was 10, called the common logarithm. For

such logarithms it is usual to suppress explicit reference to the base and write log x

rather than log10 x. However, the most widely used logarithms in applications are the

natural logarithms, which have an irrational base denoted by the letter e in honor of

L. Euler, who first suggested its application to logarithms. This constant’s value to

six decimal places is:

e ≈ 2.718282 (B.11)

This number arises as the horizontal asymptote of the graph of the equation y = (1 +
1/x)x. Therefore, as x → ±∞ this allows us to express e as a limit and ex as an

infinite sum such that:

e = lim
x→±∞

(
1 + 1

x

)x

= lim
x→0

(1 + x)
1
x (B.12)

ex = 1 + x + x2

2! + x3

3! + . . . =
∞∑

n = 0

xn

n! (B.13)

where the symbol n! is read as “n factorial” and by definition 1! = 1, 0! = 1, and n!
are given by:

n! = n × (n − 1) × (n − 2) . . . × 3 × 2 × 1 (B.14)

Both expressions (B.11) and (B.12) are sometimes taken to be the definition of the

number e. Thus, loge x is the natural logarithm to the base e of x, and it is usually

denoted by ln x, so that:

ln x ≡ loge x (B.15)
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and thus:

y = ex (is equivalent to) ln y = x (B.16)

The exponential function f (x)= ex is called the natural exponential function. To sim-

plify the typography, this function is sometimes written as exp(x), that is exp(x)≡ ex.

As an example, Table B.1 displays some special cases of the last relation.

Table B.1 Some exponential and logarithmic functions

y = ex 1 = e0 e = e1 1/e = e−1 ex = ex

ln y = x ln 1 = 0 ln e = 1 ln(1/e) = − 1 ln ex = x

Radian Measures

The arc length s of a circular arc, see Fig. B.4, which is part of a circle of radius

r is related to the radian measure θ of the angle ACB (measured in radians) by the

relation:

s

r
= θ or s = rθ (radian measure) (B.17)

Fig. B.4

A

B

C r

s

Since the circumference of a unit circle is 2π and one complete revolution of a circle

is 360◦, then the relation between revolutions, degrees, and radians is given by:

1 rev = 360◦ = 2π rad ⇒ π rad = 180◦

1◦ = π

180
rad ≈ 0.02 rad and 1 rad = 180

π
deg ≈ 57.3◦ (B.18)
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The Six Basic Trigonometric Functions

For an acute angle θ in a right-angled triangle, see Fig. B.5, we define the following

six basic trigonometric functions:

Sine sin θ = opp

hyp
Cosecant csc θ = hyp

opp

Cosine cos θ = adj

hyp
Secant sec θ = hyp

adj

Tangent tan θ = opp

adj
Cotangent cot θ = adj

opp

Fig. B.5
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use

Adjacent

To extend this definition to obtuse and negative angles, we place the angle in the

standard position in a circle of radius r and define the trigonometric functions in

terms of the point P(x, y) where the angle’s terminal ray intersects the circle, see

Fig. B.6. Therefore, we get the following relations:

Sine sin θ = y

r
Cosecant csc θ = r

y
= 1

sin θ

Cosine cos θ = x

r
Secant sec θ = r

x
= 1

cos θ

Tangent tan θ = y

x
= sin θ

cos θ
Cotangent cot θ = x

y
= cos θ

sin θ

(B.19)

We see that tan θ and sec θ are not defined if x = 0. This means that they are not

defined if θ is ±π/2,±3π/2, . . . Similarly, cot θ and csc θ are not defined if y = 0,

namely θ = 0,±π,±2π, . . .

Some properties of the trigonometric functions are:
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Fig. B.6

sin(−θ) = −sin(θ)

cos(−θ) = cos(θ)

tan(−θ) = − tan(θ)

(B.20)

From the right triangle of Fig. B.5, we can find the following:

sin θ = cos(90◦ − θ)

cos θ = sin(90◦ − θ)

cot θ = tan(90◦ − θ)

(B.21)

Moreover, we list here the following trigonometric identities:

cos2 θ + sin2 θ = 1

1 + cot2 θ = csc2 θ 1 + tan2 θ = sec2 θ

sin 2θ = 2 sin θ cos θ cos 2θ = cos2 θ − sin2 θ

tan 2θ = 2 tan θ

1 − tan2 θ
tan

θ

2
=

√
1 − cos θ

1 + cos θ

sin2 θ

2
= 1

2
(1 − cos θ) cos2 θ

2
= 1

2
(1 + cos θ)

sin(α ± β)= sin α cos β ± cos α sin β

cos(α ± β)= cos α cos β ∓ sin α sin β

sin α ± sin β = 2 sin[(α ± β)/2] cos[(α ∓ β)/2]

(B.22)
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Table B.2 The results of differentiating several functions and their corresponding integrations

Differentiation formula Integration formula

d

dx
[x]= 1

�
dx = x + C

d

dx

[
xn+1

n + 1

]
= xn, (n �= −1)

�
xndx = xn+1

n + 1
+ C, (n �= −1)

d

dx
[sin x]= cos x

�
cos x dx = sin x + C

d

dx
[cos x] = −sin x

�
sin x dx = −cos x + C

d

dx
[tan x]= sec2 x

�
sec2 x dx = tan x + C

d

dx
[csc x] = −csc x cot x

�
csc x cot x dx = −csc x + C

d
d

dx
[sec x]= sec x tan x

�
sec x tan x dx = sec x + C

d

dx
[cot x] = −csc2 x

�
csc2 x dx = −cot x + C

d

dx
[ex]= ex

�
ex dx = ex + C

d

dx
[ln x]= 1

x

� 1

x
dx = ln x + C
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Table B.3 Some complicated indefinite integrals (an arbitrary constant should be added to each of these

integrals)

� dx

a + bx
= 1

b
ln(a + bx)

� x dx√
a2 − x2

=−√
a2 − x2

� x dx

a + bx
= x

b
− a

b2 ln(a + bx)
� x dx√

x2 ± a2
=√

x2 ± a2

� dx

x (x + a)
= − 1

a
ln

x + a

x

�
x
√

a2 − x2 dx = − 1
3 (a2 − x2)3/2

� dx

(a + bx)2 = − 1

b(a + bx)

�
x
√

x2 ± a2 dx = 1
3 (x2 ± a2)3/2

� dx

x2 + a2 = 1

a
tan−1 x

a

�
e a x dx = 1

a
e a x

� dx

a2 − x2 = 1

2 a
ln

a + x

a − x
, (a2 − x2 > 0)

�
x e a x dx = 1

a2 (a x − 1) e a x

� dx

x2 − a2 = 1

2 a
ln

x − a

x + a
, (x2 − a2 > 0)

� dx

a + b e c x
= x

a
− 1

a c
ln(a + b e c x)

� x dx

a2 ± x2 = ± 1
2 ln(a2 ± x2)

�
ln(a x) dx = x ln(a x) − x

� dx

(x2 + a2)3/2 = x

a2
√

x2 + a2

�
cos2(ax)dx = x

2
+ sin 2 a x

4 a

� x dx

(x2 + a2)3/2 = − x√
x2 + a2

�
sin2(a x) dx = x

2
− sin 2 a x

4 a

� dx√
a2 − x2

= sin−1 x

a
, (a2 − x2 > 0)

�
tan2(a x) dx = 1

a
tan(a x) − x

� dx√
x2 ± a2

= ln(x + √
x2 ± a2)

�
cot2(a x) dx = − 1

a
cot(a x) − x
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Useful Information for Geometry

Rectangle

a

b

Area  a b

Sphere r

Surface area = 4 r 2

Volume =    r 34
3

Circle

r

Area = r 2

Circumference = 2 r 

Cylinder

r

h

Lateral surface area = 2 r h
Volume = r 2 h

Triangle

Area =   ah

a

h

1
2

Rectangular box

a

b

c

Surface area = 2(ab+ac+bc)

Volume =abc

Triapezoid

a

b

h

1
2

Area ( )a b h= + 21
3Volume r hπ=

2 2Curved surface area r r hπ= +

h

r

Cone
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pe
nt
ium

(28
8)

2 8 18 32 32 18 5

U
up

11
6

Un
un
he
xi
um

(2
92
)

2 8 18 32 32 18 6

U
uh

11
7

Un
un
se
pti
um

U
us

11
8

U
nu
no
ct
ium

(2
94
)

2 8 18 32 32 18 8

U
uo

57 La
nth
an
um

13
8.9
05
47

2 8 18 18 9 2

La
58 Ce
riu
m

14
0.
11
6

2 8 18 19 9 2

C
e

59 Pr
as
eo
dy
m
iu
m

14
0.9
07
65

2 8 18 21 8 2

P
r

60 Ne
od
ym
ium

14
4.
24
2

2 8 18 22 8 2

N
d

61 Pr
om
et
hiu
m

(1
45
)

2 8 18 23 8 2

Pm
62 S
am
ar
iu
m

15
0.
38

2 8 18 24 8 2

S
m

63 Eu
ro
pi
um

15
1.
96
4

2 8 18 25 8 2

Eu
64 G
ad
ol
ini
um

15
7.
25

2 8 18 25 9 2

G
d

65 Te
rb
iu
m

15
8.9
25
35

2 8 18 27 8 2

Tb
66 Dy
sp
ro
si
um

16
2.
50
0

2 8 18 28 8 2

D
y

67 Ho
lm
iu
m

16
4.
93
03
2

2 8 18 29 8 2

H
o

68 Er
biu
m

16
7.
25
9

2 8 18 30 8 2

E
r

69 Th
uli
um

16
8.9
34
21

2 8 18 31 8 2

Tm
70 Yt
te
rb
ium

17
3.
05
4

2 8 18 32 8 2

Yb
71 Lu
te
tiu
m

17
4.9
66
8

2 8 18 32 9 2

Lu 10
3

La
wr
en
ciu
m

(2
62
)

2 8 18 32 32 9 2

Lr
10
2

No
be
liu
m

(2
59
)

2 8 18 32 32 8 2

N
o

10
1

M
en
de
len
iu
m

(25
8)

2 8 18 32 31 8 2

M
d

10
0

Fe
rm
iu
m

(2
57
)

2 8 18 32 30 8 2

Fm
99 Ei
ns
tei
niu
m

(2
52
)

2 8 18 32 29 8 2

Es
98 Ca
lifo
rn
iu
m

(2
51
)

2 8 18 32 28 8 2

C
f

97 Be
rk
eli
um

(2
47
)

2 8 18 32 27 8 2

B
k

96 Cu
riu
m

(2
47
)

2 8 18 32 25 9 2

C
m

95 Am
er
ici
um

(2
43
)

2 8 18 32 25 8 2

Am
94 Pl
ut
on
ium

(2
44
)

2 8 18 32 24 8 2

P
u

93 Ne
pt
un
ium

(2
37
)

2 8 18 32 22 9 2

N
p

92 Ur
an
ium

23
8.0
28
91

2 8 18 32 21 9 2

U
91 Pr
ot
ac
tin
ium

23
1.0
35
88

2 8 18 32 20 9 2

Pa
90 Th
or
iu
m

23
2.
03
80
6

2 8 18 32 18 10 2

Th
89 Ac
tin
ium

(2
27
)

2 8 18 32 18 9 2

Ac

1 Hy
dr
og
en

1.
00
79
4

1

H
2 H
eli
um

4.
00
26
02

2

H
e

1 2 3 4 5 6 7

81 Th
all
ium

20
4.
38
33

2 8 18 32 18 3

Tl

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

Notes: Elements with atomic weights between brackets have no stable isotopes.
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Chapter 1

(1) (a) kilo lambs, (b) mega bytes, (c) giga cars, (d) tera stars, (e) deci kelvin,

(f) centi meter, (g) milli ampere, (h) micro newton, (i) nano kilogram, (j) femto

second

(2) (a) 4 × 107 m, (b) 6.366 × 106 m, (c) 2.486 × 104 mi, 3.956 × 104 mi,

(d) 4.02 × 106 mi which is very close to the answer of part a

(3) 2.362 × 105 mi, 3.8 × 108 m, 3.8 × 1010 cm, 3.8 × 1011 mm

(4) 0.02(km)3

(5) (a) AU = 1.5 × 1011 m = 1.5 Gm, (b) ly = 9.461 × 1015 m = 9.461 Pm,

(c) pc = 3.084×1016 m = 30.84 Pm, (d) Mpc = 3.084×1022 m = 30.84 Zm

(6) (a) 400, (b) 4003 = 6.4 × 107, (c) 4.815 × 106 m

(7) (a) 6.3699 × 1011 m, (b) Estimated/Actual = 1.7 × 103

(8) (a) 1.16 × 1034 days, (b) 5.78 × 1012 days, (c) 1.51 × 1012 days, (d) 1.83 ×
104 days

(9) (a) 1 microyear = 0.526 of a 1-minute TV commercial, (b) 1 microcentury =
0.877 of a 60-minute TV commercial

(10) (a) 0.03 mi/h, (b) 1.243 mi/h, (c) 22.99 mi/h, (d) 136.73 mi/h, (e) 621.5 mi/h

(11) 48 months = 1440 dy (if the clock doesn’t show am/pm) or 96 months =
2880 dy (if the clock shows am/pm)

(12) Atomic clock precession is about 1 part in 2 × 1015, or about 5 × 10−16 s.

So, the error for a 19-year interval is 2.9 × 10−7 s. Therefore, it is sufficiently

H. A. Radi and J. O. Rasmussen, Principles of Physics, 1015
Undergraduate Lecture Notes in Physics, DOI: 10.1007/978-3-642-23026-4,
© Springer-Verlag Berlin Heidelberg 2013
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precise to determine your age within 10−6 s, but certainly much more precise

with 10−3 s.

(13) (a) After ten centuries, the day is longer by 0.01 s. The average day duration

difference for these 10 centuries is 0.005 s, (b) The total cumulative effect is:

(the average day duration difference for these 10 centuries)× (the number of

days) = 1826.25 s = 0.5073 h

(14) 285714.3 mg/day, 11904.8 mg/h, 198.4 mg/min, 3.3 mg/s

(15) 5.95 × 1024 kg

(16) (a) 5.01 × 1025 atoms/(1 kg), (b) 6.022 × 1026 atoms/(12 kg)

(17) (a) (2.988 897 2 ± 0.000 001 7) × 10−26 kg, (b) 5.01 × 1046 molecules

(18) (a) 1.178 × 10−26 m3, (b) 2.28 × 10−9 m

(19) T = 2π
√

L/g ⇒ T =
√

L/(L/T2) = T. Thus, the expression is dimensionally

correct.

(20) s = kamtn ⇒ L = (
L/T2

)m × Tn = Lm × Tn−2m ⇒ m = 1, n − 2m = 0.

Therefore m = 1 and n = 2.

(21) (a) v2 = v2◦ + 2a s ⇒ (L/T)2 = (L/T)2 + (L/T2) × L = (L/T)2. Thus,

the equation is dimensionally correct., (b) s = s◦ + v◦ t + 1
2 a t2 ⇒ L =

L + (L/T) × T + (L/T2) × T2 = L. Thus, the equation is dimensionally

correct., (c) s = s◦ cos kt ⇒ L = L × cos(T−1 × T) = L × cos(number) = L.

Thus, the equation is dimensionally correct.

(22) F ∝ m a ⇒ F ∝ kg × L/T2 ⇒ F has the units kg m/s2in the SI units

(23) G = Fr2/m1m2 = (kg m/s2)(m2)/(kg)2 = m3/(kg s2)

Chapter 2

(1) 11.18 km, 26.6◦ W of N

(2) 5.29 km, 40.9◦ N of E

(3) (a) 8.66 units at 90◦, (b) 13.23 units at 40.9◦

(4) (a) 20 m, 10π m, (b) 0, 20π m

(5) −2 cm along the x-axis and 2 cm along the y-axis

(6) (a) 10.96 units along the x-axis and 5 units along the y-axis, (b) 12.1 units

at −24.5◦

(7) (a) 104 km/h, (b) No, because the radar unit measures only the component of

the car’s velocity along the radar beam. If the angle between the beam and the

car’s velocity is 90◦, then the radar unit will measure zero velocity since the

car is not moving perpendicularly to the highway.
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(8) 15.62 km

(9)
→
R = 3

→
i + 5

→
j + 5

→
k and R = 7.68

(12) 5 at 306.9◦

(13) (a) 6 at 0◦, (b) 6.3 at 108.4◦

(14) (a)
→
A + →

B = 2
→
i − 3

→
j + 5

→
k , (b)

→
A − →

B = −4
→
i + 5

→
j + 3

→
k ,(c)

→
C = −2

→
i +

3
→
j − 5

→
k

(15) (a)
→
A•

→
B = A B cos θ = −15.59, (b)

→
A•

→
B = AxBx + AyBy = −15.59

(18) (a)
→
A•

→
B = 0, (b)

→
A•

→
C = −9, (c)

→
B•

→
C = −16, (d)

→
A × →

B = 12
→
k , (e)

→
A ×

→
C = −12

→
k , (f)

→
B × →

C = 12
→
k

(19) (b) A2B sin θ

(22) (b)
√

(x2 − x1)2 + (y2 − y1)2, tan−1[(y2 − y1)/(x2 − x1)]
(23)

→
F = 1.6 × 10−14(1.5

→
i − →

j ) N

(24)
→
S = −0.44

→
i − 0.4

→
j + 1.12

→
k

Chapter 3

(1) (a) 0.25 km/min, (b) 4.17 × 10−3 km/s, (c) 15 km/h

(2) (a) 53.3 km/h, (b) 53.3 km/h

(3) (a) 24 m, (b) 12 m/s and 12 m/s

(4) 100 m

(5) (a) 6 m/s, (b) 8 m/s, (c) 9 m/s

(6) (a) v̄ = �x/�t = 4 m/s, s̄ = d/�t = 4 m/s, (b) At ti = 0, we find from the

equation x = 8t − 2t2 that xi = 0, i.e., the body is at the origin. At t = 2 s, we

find that x is maximum and equal to 8 m. At t = 4 s, we find that x = 0 again,

which means that the body returns to the origin and moves a distance of 16 m.

At tf = 5 s, we find that xf = −10 m, which means that the body moves a total

distance of 26 m. Thus, v̄ = �x/�t = −2 m/s and s̄ = d/�t = 5.2 m/s.

(7) (a) 19.2 m, 4.8 m/s for the interval 0 ≤ t ≤ 4 and 100.8 m, 16.8 m/s for the

interval 4 ≤ t ≤ 10, (b) 9.6 m/s, 24 m/s

(8) (a) For t = 1, 2, 3, 4, and 5 s we have x = 1,−2,−3,−2, and 1 m, (b) For

t = 1, 2, 3, 4, and 5 s we havev = −4,−2, 0, 2, and 4 m/s, (c) For t = 1, 2, 3, 4,

and 5 s we have: motion towards decreasing x, motion towards decreasing x,

momentarily no motion, motion towards increasing x, and motion towards

increasing x, (d) Yes, at t = 3 s, (e) No

(9) Negative, zero, positive, zero, zero, and negative
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(10) (a) 0 < t < 1 s, (b) 3 s < t < 5 s, (c) 1 s < t < 3 s and 5 s < t < 7 s

(11) 28 m

(12) −5 m/s2

(13) (a) v = 8 + 4 t, (b) a = 4 m/s2, (c) 28 m/s, 4 m/s2

(14) (a) 19.6 m/s2, 15.6 m/s2, (b) a = 20 − 0.8 t

(15) x = 10t2 − 0.4t3/3, for t = 0, 3, and 6 s we have: x = 0, 86.4, and 331.3 m,

v = 0, 56.4, and 105.6 m/s, and a = 20, 17.6, and 15.2 m/s2

(16) (a)

t (s)0

2

4

6

1 2 3 4 5 6 7 8

- 2

- 4

a (m/s2)

(m/s)

(b) −0.8 m/s2, (c) −5 m/s2

(17) (a) 6 m/s, (b) 26 m/s, (c) a = 4 + 6 t, 16 m/s2, (d) x − x◦ = 6t + 2t2 + t3

(18) 20 m/s, 50 m

(19) (a) 3 m/s2, (b) 24 m

(20) (a) 20 m/s2, (b) 200 m/s, (c) 4 km

(21) (a) −2 m/s2, (b) 5 m/s, (c) 150 m

(22) (a) 31.9 m, (b) 2.55 s, (c) 26.9 m/s

(23) (a) 19.6 m, (b) 2 s, (c) 4 s, (d) −19.6 m/s

(24) (a) 49 m/s, (b) 122.5 m

(25) (a) 122.5 m, (b) 72.5 m, (c) 172.5 m

(26) (a) 36.72 m/s (downward), (b) 41.8 m

(27) (a) 9.28 m/s (upward), (b) 22.6 m

(28) (a) 5.1 s, (b) 127.6 m, (c) 10.2 s, (d) −50 m/s, (e) −53.8 m/s, (f) 10.6 s

(29) (a) 44.1 m, (b) 44.1 m for the fourth stone, 39.2 m for the third stone, 24.5 m for

the second stone, 0 m for the first stone, (c) 3 s

(30) (a)
√

10 m/s, (d) 3
√

10/
[√

2 + 1
]2

(31) (a) 1.96 m/s, (b) 0.196 m, (c) −1.96 m/s

(33) (a) 1.5 s, (b) 11.25 m, (c) 25 m/s, 15 m/s
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Chapter 4

(1) (a) �
→r = (−5

→
i + 10

→
j − 5

→
k )m, (b) →

v = (−→
i + 2

→
j − →

k )m/s

(2) (a) →
v = (2

→
i + 4

→
j )m/s, (b) →

v = (2
→
i + 4t

→
j )m/s, |→v |t=2s = 8.25 m/s at 76◦,

(c) →a = (4
→
j )m/s2

(3) (a) →
v = (16

→
i +6

→
j )m/s, (b) →

v = [(12t2 −12)
→
i +6

→
j ]m/s, |→v |t=1 s = 6 m/s

at 90◦, (c) →
v |t=3 s = (96

→
i + 6

→
j )m/s, |→v |t=3 s = 96.2 m/s at 90◦, (d) →a =

(36
→
i )m/s2, (e) →a = (24 t

→
i )m/s2, at=2 s = 48 m/s2 at 0◦, (f) At t = 1 s, x is

minimum

(4) (a) r = √
9t2 + 4t4 + 4(m), r|t=2 s = 10.2 m, (b) →

v = (3
→
i − 4t

→
j )m/s,

|→v |t=2 s ≡ v|t=2 s = 8.54 m/s at 291◦, (c) →a = (−4
→
j )m/s2, a = 4 m/s2 at 270◦

(5) →r = (5
→
i − 1.25

→
j )(m), →

v = (10
→
i − 5

→
j )m/s

(6) (a) 13 m/s, (b) 32.7 m/s at 66.6◦ below the horizontal line

(7) (a) 6.708 m/s, (b) 1.265 s

(8) (a) 11.18 m/s, (b) 1.265 s

(9) (a) 18 m/s and 24 m/s, (b) →r = 36
→
i + 28

→
j ,

→
v = 18

→
i + 4

→
j (v = 18.5 m/s and

θ = 13.7◦), (c) 28.8 m, 2.4 s, (d) 2.4 s, 86.4 m

(10) (a) 2 m/s, 6 m/s, (b) 1.2 s, 7.2 m, 7.2 m, (c) 2.4 s, 14.4 m

(11) (a) 48.2 m, (b) 60 m, (c) 25.24 m/s, (d) 100 m

(12) (a) 27.39 m/s = 98.59 km/h, (b) 17.83 m/s = 64.19 km/h

(13) (a) v◦ = 254.5 m/s, (b) 50 s, (c) In the presence of air resistance, v◦ should

increase so that the rock can reach the point x = 9 km

(14) (a) 7.45 s, (b) 438.2 m

(15) 63.44◦

(17) θ◦ = 1
2 tan−1 (−1/ tan φ)

(18) R = (v0 cos θ0/g)

[
v0 sin θ0 +

√
v2

0 sin2 θ0 − 2gh

]

(19) R = (v0 cos θ0/g)

[
v0 sin θ0 +

√
v2

0 sin2 θ0 + 2gh

]

(20) 200 m/s

(21) 2.47 m/s2

(22) (a) 1025 m/s, (b) 2.73 × 10−3 m/s2

(23) (a) 30 m/s, downwards, (b) 60 m/s2

(24) (a) 9 × 1022 m/s2, (b) 1.52 × 10−16 s

(25) 0.029 m/s2

(26) 1.64 × 106 m/s2 = 167000 g

(27) 1.9 km



1020 Answers to All Exercises

(28) (a) 2 m/s2, (b) 5.66 m/s2, (c) 5.05 m/s

(29) (a) 8.66 m/s2, 5 m/s2, (b) 4.16 m/s

(30) (a) 7839 m/s, 9.38 m/s2, (b) 26.7 m/s2 at θ = 20.6◦

Chapter 5

(1) 1.25 × 104 N

(2) (a) 5 s, (b) 25 m

(3) (a)
→
F = 3

→
i − 4

→
j , 5 N at 323.1◦, (b) 2.5 m/s2 at 323.1◦

(4) (a) 5.25
→
i + 1.5

→
j , (b) 5.46 m/s2 at 15.9◦

(5) (a) 30◦, (b) Yes, this angle is independent of W

(6) T1 = 100 N, T2 = 118.3 N

(7) T1 = 200 N, T2 = 190.8 N, T3 = 101.5 N

(8) (a) −16 m/s2, (b) −16000 N, (c) μs = 1.6 (In some cases μs can exceed 1 as

in this case)

(9) (a) 8.7◦, (b) 0◦

(10) 14.3◦

(11) (a) 0.75 m/s2, (b) 9 N

(12) (a) 0.75 m/s2, (b) 3 N

(13) (a) 0.25 m/s2, (b) 0.03 N

(14) 0.25

(15) (a) aP/sB = 1/2, (b) 12 N, 2 m/s2, (c) 12 N, 1 m/s2

(16) (a) T1 = 60 N, T2 = 100 N, (b) T1 = 72 N, T2 = 120 N

(17) a2 = 0.5 m/s2, T2 = 0.01 N

(18) (a) 500 N, (b) 560 N, (c) 300 N, 336 N

(19) 20 N

(20) 90 N

(21) (a) For m1, a = 4 m/s2 up the plane and for m2, a = 4 m/s2 downwards.

(b) The magnitude of the tension in both cords is 36 N, (c) For m1, a = 1 m/s2

up the plane and for m2, a = 1 m/s2 downwards. The magnitude of the tension

in both cords is also 36 N

(22) For m1, 2 m/s2 downwards and for m2, 2 m/s2 upwards, 48 N

(23) 3 m/s

(24) a = (m2 − m1)g/(m1 + m2), T1 = T2 = T3 = 2m1 m2g/(m1 + m2)

(25) (a) 0.5, 30 N
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(26) 6 m/s2, 12 N

(27) 3 m/s2, 12 N

(28) T1 = 3
4 F, T2 = 2

4 F, T3 = 1
4 F, when the number of the locomotive engine

plus the cars is n, we get Ti = n−1
n F, i = 1, 2, . . . , (n − 1)

(29) (a) 0.58, (b) 0.36

(30) (a) 1154.7 N, (b) 2309.4 N

(31) 603.9 N

(32) 1.68 m/s2, 4.62 N

(33) Block m2 has a2 = 1.103 m/s2, block m1 has a1 = 2.835 m/s2, and the tension

is zero

(34) From 0 to 2.5 m/s2

(35) (a) 491 N, 49.1 kg, (b) 2.04 m/s2

(36) The same answers as exercise 35, but the maximum/minimum readings will be

during the stopping/starting period of the elevator’s descending motion

(37) 13.8 m/s

(38) (a) 7.97 m/s, when we take g = 10 m/s2 (b) 140 m/s (≈50 km/h) (about 18

times the speed of the drop when the resistive drag force exists)

(40) θ = 0

Chapter 6

(1) (a) 200 N, (b) 100 m, (c) −20 000 J, (d) 400 N, 50 m, −20 000 J

(2) (a) −39.2 J, (b) +39.2 J, (c) +19.6 J, −19.6 J

(3) (a) Wg(A → B)= − mgh, (b) Wg(B → A)= + mgh, (c) Wg(A → B → C)=
− mgh, (d) Wg(A → C)= − mgh, (e) Wg(A → B → C → A)= 0

(4) −1.715 J

(5) (a) F d, −μkmgd, 0, 0, (b) 100 J, −49 J, 0, 0

(6) 60 J, 0, 69.3 J

(7) (a) −2 J, (b) −8 J, (c) −2 J, (d) 9 J, (e) −3 J

(8) (a) 32 J, (b) 32 J

(9) (a) 5.89 J, (b) −1.57 × 10−2 J

(10) (a) 0.54 J, (b) 0.3 J

(12) − 1
5 kd5

(13) 2πRF cos θ

(14) 3.86 × 105 J

(15) 1.5 J
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(16) 4.06 × 105 J

(17) 420 J

(18) 40 J

(19) (a) 25 J, (b) −25 J, (c) 9 J, (d) −9 J, (e) 0

(20) (a) 2.5 J, (b) 7.5 J, (c) 11.875 J

(21) 0.21 m

(22) 187.5 J

(23) (a) 98 J, (b) 6.26 m/s

(24) (a) 7.35 J, (b) 5.78 m/s

(25) (a) 9.8 J, (b) 6.26 m/s, (c) 4.43 m/s

(26) (a) 4.43 m/s, (b) 0.25

(28) (a) v = ±√
3Fd/4 m, (b) v = ±√

Fd/m

(29) 2.86 m/s

(30) 14 m

(31) θ = cos−1(2/3) = 48.2◦

(32) 20 m/s

(33) (a) 7.67 m/s, (b) −845 J (more energy loss than Ex. 6.8, but the percentage loss

of energy by friction with respect to original potential energy of the boy is the

same; about 58%)

(34) (a) −98 J, (b) The block will never reach point C if the track is more rough and

might stop somewhere on the track once it goes past point A. The block will

pass point C if the track is smoother

(35) −14.5 J, No, because its energy (stored in the spring) will be less than its

potential energy at the edge of the rough surface

(36) (a) 29 N, (b) 8.57 cm

(37) 36750 J, 147 N

(38) (a) −25 J, (b) 25 J, (c) 125 N

(39) 0.327 kW = 0.438 hp

(40) 223.8 piasters

(41) (a) −62400 W, (b) (−18900 t)W

(42) 500 W

(43) 537.1 N opposite the velocity

(44) 7.234 × 104 W 
 97 hp opposite the velocity

(45) (a) ma + mg sin θ + α + β v2, (c) 40 000 W, 50 728.5 W, 4 000 W, 4 000 W,

98 728.5 W
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Chapter 7

(1) 2.71 × 10−22 kg.m/s

(2) (a) 160 000 kg.m/s, (b) 80 m/s, (c) 40 m/s

(3) −3.2 kg.m/s

(4) (a) −16 kg.m/s,−16 kg.m/s (b) −8000 N

(5) (a) −3 m/s (b) 15 N

(6) (a) 16 kg.m/s, −12 kg.m/s (b) 20 kg.m/s, 323.1◦

(7) (16
→
i − 8

→
j ) kg.m/s

(8) 300 N

(9) (a) 40 kg.m/s, (b) 20 N, (c) 30 N

(10) m
√

2 g h

(11) (a) 2.4 kg.m/s upward, (b) 75%

(12) (a) 1.25 × 10−3 s, (b) 0.48 N.s (in the direction of penetration), (c) −384 N

(opposite to the direction of penetration)

(13) (a) 5 × 10−5 meters every second, (b) 0.1 kg, (c) 0.6 N (downwards)

(14) (a) −86.6 kg.m/s (opposite to the x-axis), (b) −8660.3 N (opposite to the

x-axis)

(15) The smallest value is for θ = 0, where �p = 0 and F = 0. The largest value is

for θ = 90◦, where �p = −100 kg.m/s and F = − 10000 N

(16) (a) 0.8 m/s, (b) 4.8 × 104 J, (c) −4/3 m/s (in opposite direction)

(17) m1/m2 = 0.5

(18) −6.47 × 102 m/s (The negative sign indicates that the recoiling nucleus is

moving in the opposite direction to the alpha particle)

(19) 0.125 m/s

(20) (a) V = −(m/M) v (The negative sign indicates that the car is moving in the

opposite direction to the man’s motion), (b) vrel = v + |V | = [(m + M)/M]v
(21) (a) 0.5 m/s, (b) 200 J, (c) 199.75 J

(22) 594 m/s

(23) 2.8 m/s, 3.8 m/s

(24) −1.67 m/s, 3.33 m/s

(25) m2 = 3 m1

(26) (a) 1.5 kg, (b) v′
1 = − 0.2 v1 (The negative sign indicates that the first ball will

move in the opposite direction to its original motion), (c) 0.96

(27) (a) 1, (b) 0.89, (c) 0.296, (d) 0.019
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(28) (a) Yes, the collision is elastic because all involved forces are conservative

forces, (b) 0.4 cm

(29) (a) Yes, as in Exercise 28, (b) 2 m/s, (c) 0.25 m, (d) v′
1 = −4 m/s, v′

2 = 4 m/s

(30) (a) Yes, as in Exercise 29, (b) 6 m/s, (c) 0.25 m (same compression as Exercise

29), (d) v′
1 = + 4 m/s, v′

2 = 12 m/s

(31) v′
1 = v1/

√
3 = 10

√
3/2 m/s, v′

2 = v1/
√

6 = 10/
√

2 m/s, cos θ = √
2/3, Ktarget/

Kprojectile = 0.5

(32) v′
1 = √

3 v1/2 = 15
√

3 m/s, v′
2 = v1/2 = 15 m/s

(33) v′
1 = v′

2 = v1/
√

2 = 30/
√

2 m/s

(35) Two times

(36) −M/(m + M),−0.98. Thus, 98% of the energy is lost.

(37) (a) 10 m/s, (b)−0.923. Thus, 92.3% of the energy is lost.

(38) (a) 19 m/s, (b) −0.687. Thus, 68.7% of the energy is lost

(39) (a) The heavier nucleus will move with half the speed of the lighter nucleus, but

in an opposite direction, (b) 4×10−17 J for the lighter nucleus and 2×10−17 J

for the heavier one

(40) (a) →
v ′

2 = (2
→
i + 3

→
j ) (m/s), (b) 50 J are lost

(41) |→p ′
3| = 1.3 × 10−22 kg.m/s, →p ′

3 is 157.4◦ from the vector →p ′
2 and 112.6◦ from

the vector →p ′
1

(42) (a) v′
2 = 2.506 (m/s), θ = 60.8◦ (b) 22.14 J

(43) (b) 18.47 m/s, φ = 22.5◦,−0.146. Thus 14.6% of the energy is lost

(44) 0.048 nm

(45) xCM = 0.286 m, yCM = 0.571 m (this answer does not depend on the value of m

because it appears as a common factor in both the numerator and denominator)

(47) zCM = 0.03 nm

(48) →r CM = 2.8
→
i + 3.8

→
j

(49) xCM = L/2, yCM = L/2 (from the center of the left rod)

(50) xCM = (3/4)h

(51) zCM = H/4, 34.7 m

(52) →
v CM = (2.8

→
i + 0.2

→
j ) (m/s)

(53) (a) −7.8 m/s, 11.2 m/s, (b) 3.6 m/s

(54) (a) 0, (b) 1.2 m, (c) 1.2 m/s, 0.8 m/s

(55) (a) 7.5 m from the man, 5 m/s, (b) 4.5 m/s, (c) 10 s, 45 m/s

(56) 120 m

(57) (a) 49 N (b) 171.5 W, (c) 85.75 W

(58) 50 m/s2
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(59) −1000 m/s, 1.5 × 105 N

(60) (a) 3.75 × 106 N, (b) 6056.5 m/s

Chapter 8

(1) π/6 = 0.52 rad, π/4 = 0.79 rad, π/3 = 1.05 rad, π/2 = 1.57 rad, π = 3.14 rad,

3π/2 = 4.71 rad, π = 6.28 rad

(2) 1.327 × 103 km

(3) (a) 0.75 rad = 42.97◦, (b) 2.4 m

(4) 636.6 rev

(5) 930.8 rad/s2

(6) −188.5 rad/s2

(7) 1.2 rev

(8) (a) ω = 8t − 14, α = 8 rad/s2, (b) θ = 0 at t = 0.5 s and t = 3 s, ω = 0 at

t = 1.75 s

(9) ω = ω◦ − 2 bt + 3 at2, θ = θ◦ + ω◦ t − bt2 + at3

(10) (a) 2.4 m/s, (b) No, but may be the best location is somewhere close to the rim

of the wheel if the spokes and the dart are not very thin

(11) 9.425 × 103 rad = 1.5 × 103rev = 3 × 103π rad = 5.4 × 105 degrees, 2.356 ×
103 rad = 3.75 × 102rev = 7.5 × 102π rad = 1.35 × 105 degrees

(12) (a) −10 π rad/s2 = −31.42 rad/s2, (b) 4 s

(13) (a) −50 π rad/s2 = −1.571 × 102 rad/s2, (b) 116.7 rev

(14) (a) 23.56 s, (b) 167.7 rev

(15) −30 π rad/s2 = −188.5 rad/s2

(16) (a) 3
→
i rad/s, 4

→
k rad/s, (b) 5 rad/s and at angle 53.13◦ above the x-axis,

(c) →
α 1(t)= 12[− sin 4t

→
i + cos 4t

→
j ] (rad/s2),

→
α 1(0)= 12

→
j (rad/s2)

(17) (a) 12 π rad/s = 37.699 rad/s, (b) 2.4 π m/s = 7.539 m/s, at = 0, ar = 28.8 π2

m/s2 = 284.24 m/s2

(18) (a) π/30 rad/s = 1.05 × 10−1 rad/s, (b) π/1800 rad/s = 1.75 × 10−3 rad/s,

(c) π/21600 rad/s = 1.45 × 10−4 rad/s, (d) zero

(19) 20.9 mm/s, 0.26 mm/s, 0.015 mm/s

(20) (a) 12.57 m/s, (b) at = 0, ar = 16 π2/3 m/s2 = 52.64 m/s2 towards the center

(21) (a) 7.272 × 10−5 rad/s, (b) 403 m/s, at = 0, ar = 0.029 m/s2 (perpendicular to

the Earth’s axis), (c) 465.4 m/s

(22) 5.373 rad/s if we take g = 10 m/s2

(23) (a) 2.5 rad/s2, (b) 500 rad = 79.58 rev
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(24) 102.9 m.N

(25) 2.05 m.N, clockwise

(26) (a) 2, (b) 7.84 × 10−2 m·N, counterclockwise

(27) (mA + mB)L2/3

(28) (a) I = 2
5 M R2 + M(L + R)2, (b) Iapp = M(L + R)2, (c) 1.1%

(29) 0.12 π m.N = 0.377 m·N
(30) 4 m/s2, 20 rad/s2, 18 N

(31) (a) α = 3 g cos θ/2 L − 3 τf /M L2, αmax = 60 rad/s2, (b) 29.9◦

(32) (a) 0.095 kg·m2, (b) It is greater than the value 0.05 kg·m2 obtained from

I = M R2/2. This is because the pulley with the wrapped cord has more mass

concentrated around its edge

(33) τ = m g L sin θ, α = g sin θ/L

(34) α = g sin θ [m L + 2M(L + R)]/[ 2
3 m L2 + M(3R2 + 4RL + 2L2)]

(35) 1.67 m/s2, T2 = 50 N, T1 = 46.67 N

(36) 616.9 J

(37) (a) 432 J, FM = 384 N, Fm = 192 N, (b) 384 J, FM = Fm = 256 N

(38) v = √
54ga/7 = 8.695

√
a

(39) 0.792 kg.m2

(40) (a) 398.4 W, (b) −6.56 m·N
(41) (a) 16 rad/s, (b) 1.6 m/s, at = 0, ar = 12.8 m/s2, 1.6 m/s, (c) 3.84 J

(42) (a) To the right, (b) 10 m/s2, (c) 10 N

Chapter 9

(1) 34
→
k (kg.m2/s or J.s)

(2) −1.5 × 105 →
k (kg.m2/s) for the clockwise motion, 1.5 × 105 →

k (kg.m2/s) for

the counterclockwise motion

(3) −24 t2 →
k (kg.m2/s)

(4)
→
L i = mvd (into the page for i = 1, 2, 3),

→
L i = mvd, (out the page for i = 5, 6,

7),
→
L i = 0 (for i = 4, 8)

(5) (a) 15 kg.m2/s (into the page), (b) 25.46 m.N (out of the page)

(9) 11.27 kg.m2/s (out of the page)

(10) (a) 0.1047 rad/s, (b) 3.421 × 10−6 kg.m2/s (into of the page)

(11) (a) 7.1 kg.m2, (b) 14.22 kg.m2/s (out of the page)

(12) (a) (0.24
→
i + 0.16

→
j )kg·m2/s, (b) 3.2 × 10−2 →

j (kg·m2/s), (c) 0◦
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(13) (a) I = 17
6 m R2, L = 17

3 πm R2/T along z-axis, (b) 1.417×10−2 kg.m2, 4.451×
10−2 kg.m2/s

(14) (a) m2 g R clockwise, (b) [m2 +m1 + 1
2 M] R v clockwise, (c) m2 g/[m2 +m1 +

1
2 M], 3 m/s2

(15) (a) α = 24 t (rad/s), L = 24 t2 (J·s), α = 48 rad/s, L = 96 (J·s), (b)
∑

τext = Iα

= 48 t (m·N),
∑

τext = dL/dt = 48 t (m·N),
∑

τext = 96 m·N
(16) 0.7 kg.m2/s along z-axis

(17) 3.848 × 103 kg.m2/s upwards

(18) (a) 4, 1/4, (b) 256, 16

(20) Ia Ra Rbωa/(Ia R2
b + Ib R2

a)

(21) (b) 1.5 m/s2, T1 = 10 N, T2 = 17.5 N, (c) 0.75 t (kg.m2/s)

(22) (a) 7.149 × 1033 kg.m2/s, (b) 2.69 × 1040 kg.m2/s

(23) (a)
∑

τext,1 = m1 g R clockwise,
∑

τext,2 =−m2 g R counterclockwise,
∑

τext,sys = (m1 − m2) g R clockwise, (b) L1 = R m1 v + M R v/2 clockwise,

L2 = R m2 v + M R v/2 clockwise, Lsys = (m1 + m2 + M)R v clockwise,

(c) a = (m2 − m1) g /(m1 + m2 + M), T1 = (2 m2 + M) m1 g /(m1 + m2 +
M), T2 = (2 m1 + M) m2 g /(m1 + m2 + M)

(24) 100 %

(25) 1.8 kg.m2, by pulling her arms to the center of her body

(26) 0.41 rev/s

(27) ωi/(1 + 6 m/M)

(28) 5.45 rev/min

(29) 0.316 rev/s

(30) 0.2 rev/s (same as before)

(31) −0.8 rad/s

(32) (a) 0.643 rad/s, (b) 1080 J, 463 J

(33) 1.2 rev/s

(34) (a) 2 rev/s = 4 π rad/s, (b) 66.67% decrease

(35) −3.7 × 10−15%

(36) −2.6 × 10−15%

(37) (a) ωf = 2m v/[(4 M/3 + m)d], (b) H = m2 v2/[(M + m)(4 M/3 + m)g]
(38) (a) ωf = 2m v/[(M/3 + m)d], (b) −(1 + 3m/M)−1

(39) (a) ωf = 5 rad/s, (b) −74.8%

(40) vCM = mv/(M + m), ω(about CM)= [12m/(7m + 4M)](v/d)

(41) (a) 3 rev/s, (b) Ki = 3 J, Kf = 18 J, the increase in the rotational kinetic energy

came from the work that the student did in pulling his arms with the dumbbells
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(42) 1.974 J

(43) 2.34 rad/s = 22.34 rev/min

(44) 3.466 rad/s = 33.1 rev/min

(45) (a) 5.516 × 10−4 kg.m2, (b) 3.313 × 10−2 m.N

Chapter 10

(1) 4 × 104 kg/m3, 40

(2) 9549.3 kg/m3, 9.55

(3) 11.36 kg, 111.328 N

(4) 6.24 × 107 N/m2

(5) 1.96 × 1011 N/m2

(6) 2.352 × 1011 N/m2

(7) 8.04 × 10−3 m,−5.03 × 10−6 m

(8) 6.57 × 10−4 m

(9) (a) 2.5 N/m2, (b) 0.025, (c) 100 N/m2

(10) 2 × 10−7 m, (4.6 × 10−5)◦

(11) 3.82 × 10−4 rad = 2.19 × 10−2 deg

(12) 6.67 × 10−7

(13) −1.024 × 10−5 m3

(14) 84 000 N/m2

(15) 3.92 × 107 N/m2

(16) 345000 N/m2 = 3.45 Pa, 245000 N/m2 = 2.45 Pa [Pa = 105 N/m2 ≡ 105 Pa ]

(17) 117 268 N/m2 ≡ 117 268 Pa

(18) 28.57 m

(19) 0.8 × 103 kg/m3

(20) 113 328 Pa

(21) (a) 10.31 m, (b) 13.05 m, (Both values are not practical)

(22) 498 N

(23) (a) 3.27 N, (b) 0.817 N

(24) 3800 kg/m3

(25) (a) 2.205 × 10−3 N, (b) 533.3 kg/m3

(26) (a) v2 = 25 v1, (b) No effect, because the continuity equation does not depend

on altitude

(27) (a) 400 Pa, (b) 5400 Pa

(28) (a) 8.854 m/s, (b) 5.657 m
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(30) (a) vC = √
2 g h, (b) PB = Pa − ρ g (h + H), (c) Hmax = Pa/ρ g − h, (d)

7.67 m/s, 52 kPa, 7.3 m

(31) 1.5 × 10−3 N

(32) 5 × 10−3 m/s

(33) 4.36 × 10−4 m/s

(35) 2.64 × 103 Pa ≡ 19.9 mm Hg

Chapter 11

(1) −30 ◦C ≡ 243.15 K ≡ −22 ◦F, 10 ◦C ≡ 283.15 K ≡ 50 ◦F, 50 ◦C ≡ 323.15 K ≡
122 ◦F

(2) 37 ◦C ≡ 98.6 ◦F ≡ 310.15 K, 6 000 ◦C ≡ 10 832 ◦F ≡ 6 273.15 K

(3) −40 ◦C ≡ −40 ◦F ≡ 233.15 K,�T = 10 ◦C − (−40 ◦C)= 50 C◦ ≡ 90 F◦

(4) (a) 1064.5 ◦C ≡ 1948.1 ◦F ≡ 1337.65 K, 2660 ◦C ≡ 4820 ◦F ≡ 2933.15 K,

(b) �T = 1595.5 C◦, (c) �T = 1595.5 K

(5) T = 5 ◦C

(6) 0.12 m

(7) 2.72 × 10−3 m

(8) 3.6 mm

(9) 100.1 m

(10) 2.88 × 10−4 m2

(11) 0.048 %

(12) 8.95 cm

(13) (b) 0.5 m, 0.3 m

(14) (b − a)T → (b − a)T+�T = α (b − a)�T , i.e., aT → aT+�T = a(1 + α �T)

and bT → bT+�T = b(1 + α �T). Thus, bT /aT = bT+�T /aT+�T

(15) −113.16 ◦C

(16) 8.395 × 107 N/m2

(17) r = [2 + (α2 + α1)�T ] d/[2(α2 − α1)�T ] ≈ d/[(α2 − α1)�T ]
(18) 1.13 × 10−5 m3

(19) 50.0135 cm3

(20) 3.64 × 107 N/m2

(21) 2.688 cm3

(22) 1.25 kg/m3, 1.43 kg/m3

(23) (a) 3 × 104 N/m2, (b) 3 × 105 N/m2

(24) 1.59 atm
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(25) 4.15%

(26) 31.18 atm

(27) 3.214

(28) 2.42 × 1022 molecules

(29) 1.14 atm

(30) 1.155 × 10−3 kg

(31) 500 K

(32) (a) 1.270 kg, (b) 0.726 kg, (c) 0.566 m3 = 566 L

(33) 1.43 times the original volume

(34) 0.588 kg/m3. The difference in density between 0.588 kg/m3 and the value

0.598 kg/m3 arises from the fact that water vapor is very “near” to the state

phase change. Therefore, we would not expect the steam to act like an ideal

gas, because water vapor molecules will have other interactions besides purely

elastic collisions. This is evident from the fact that steam can form droplets,

indicating an attractive force between the molecules.

Chapter 12

(1) 2.592 × 106 J

(2) 1526 m

(3) 16.5 ◦C

(4) 3 × 105 J, 71.66 kcal

(5) 8561.9 cal

(6) 6.279 × 106 J

(7) (a) 4500 J/C◦, (b) 45000 J

(8) 450 J/kg.C◦

(9) 4 ◦C

(10) 91.8 ◦C

(11) 4867 J/kg.C◦

(12) 754.9 J/kg.C◦

(13) 1.45 × 107 J

(14) 0.285 kg

(15) 152695 J

(16) 0.0329 kg = 32.9 g

(17) 8.09 ◦C

(18) 26.45 g
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(19) 6.1 g

(20) (a) 1.2 × 106 J, (b) −3 × 105 J

(21) (a) 300 J, 225 J, 150 J, (b) −300 J,−225 J, −150 J

(22) (a) 3.174 × 106 J, (b) −3.174 × 106 J

(23) 2.5 × 105 J

(24) −100 J,−418.6 J,−318.6 J

(25) (a) 1.65 × 10−3 J, (b) 17 550 J, (c) 17 549.995 J

(26) (a) 538.85 K, 44.8 m3, 269.43 K, (b) 8.65 × 105 J

(27) (a) 0.289 K, (b) 2.27 × 10−3 m3

(28) (a) 3.2 × 103 kJ, (b) 0, (c) −1.6 × 103 kJ, (d) 1.6 × 103 kJ

(29) (a) 164.6 kJ, (b) 2200 kJ, (c) 2035.4 kJ

(30) (a) 6 000 J, (b) 3 500 J, (c) 627 ◦C

(31) (a) 28 J, (b) 62 J, (c) −68 J, (d) −96 J

(32) (a) 1000 J, (b) 1000 Pa, (c) 6907.7 J, (d) 6907.7 J

(33) (a) 3 × 10−3 cal/cm.C◦.s = 1.256 W/m.C◦, 3 × 10−3 cal/cm.C◦.s = 0.075

Btu/ft.F◦.h., (b) 7.963 × 10−3 m2.C◦/W

(34) 4.32 × 106 J

(35) 1656 W

(36) 45◦C, H = 45 kF A/L

(37) 350.4 W

(38) (a) 4825 W, (b) 0.24 cm

(40) 0.018 W/m.C◦

Chapter 13

(1) 26.5 × 104 N/m2

(2) (a) 5.65 × 10−21 J, (b) 6813 J

(3) 1200 K = 927 ◦C

(4) (a) 1.368 × 104 m/s, (b) 10 times faster

(5) (a) 240.6 K, (b) 4.98 × 10−21 J

(6) (a) 6.642 × 10−27 kg, (b) 2.415 × 1021 atoms, (c) 1368 m/s

(7) (a) 6.21 × 10−21 J, (b) 7480 J

(8) (a) 7.721 × 10−21 J, (b) 1525 m/s, 483 m/s

(9) (a) 498.8 J, (b) Yes, because the monatomic gas model does not include the

energy associated with the internal motions of the gas, such as vibrational and

rotational motions of molecules.

(10) (a) 3.73 × 10−26 m3/molecule, (b) 3.34 × 10−9 m
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(11) vrms = √
3 P/ρ

(12) (a) 493.1 m/s, (b) 5.269 × 10−3 s, (c) 94.9 round/s

(13) (a) 3.7413 × 106 J, (b) 6.2355 × 106 J, 2.4942 × 106 J, 3.7413 × 106 J

(14) (a) 2 × 105 J, (b) 43 ◦C

(15) 131.293 kg/kmol, Xenon gas

(16) 22.7 C◦

(17) (a) 1247.1 J, (b) 831.4 J, (c) 2078.5 J

(18) 28284.2 J

(20) 4.65 × 10−21 J

(21) (a) CP = 29.09 J/mol.K, CV = 20.79 J/mol.K (b) �T = 85.94 K, (c) �Eint

= 3.5726 × 103 J, (b) Vf = 7.72 × 10−3 m3

(23) (a) 483 m/s, (b) 445 m/s, (c) 395 m/s

(24) 1.5

(25) 1900, 60

Chapter 14

(1) (a) 2 s, (b) 0.5 Hz, (c) π rad/s

(2) (a) 0.25 s, 4 Hz, 8 π rad/s, (b) x( t)= A cos (8 π t)

(3) (a) 1.5 m, 1 Hz, 1 s, (b) v = −(3 π m/s) sin (2 π t−π/4), a = −(6 π2 m/s2)×
cos(2 π t − π/4), (c) 3 π m/s, 6 π2 m/s2, (d) zero

(4) The new amplitude is
√

2 times the old one

(5) (a) 39 N/m, (b) 1.42 kg

(6) (a) 0.5 s, 2 Hz, 4 π rad/s, (b) 8 π2N/m, 1.4 π m/s, 2.8 π2N

(7) (a) keff = k1 + k2, (b) keff = k1 + k2, (c) 1/keff = 1/k1 + 1/k2

(8) (a) f = √
2 k/m/2 π, (b) f = √

2 k/m/2 π, (c) f = √
k/2 m/2 π

(9) (a) 6 × 104 N/m, (b) 2.52 Hz

(11) 4 J

(12) (a) 6.25 × 10−3 J, (b) 0.25 m/s, (c)v = ±2.291 × 10−1 m/s, K = 5.25 × 10−3 J,

U = 10−3 J

(13) (a) T = π/2 s, f = 2/π Hz, ω = 4 rad/s, (b) E = 1
2 m v2

i + 1
2 k x2

i = 0.004 J, A =√
2/10 m, φ = −π/4 rad, vmax = 0.4

√
2 m/s, amax = 1.6

√
2 m/s2, (c) x =

(0.1
√

2 m) cos (4 t −π/4), v = −(0.4
√

2 m) sin (4 t −π/4), a = −(1.6
√

2 m)

cos (4 t − π/4), x = +0.1 m, v = −0.4 m/s, a =−1.6 m/s2

(14) (a) 196.2 m/s, (b) 1.03 s, 0.97 Hz

(15) (a) 0.3408 s, (b) 5%, (c) 5 s

(16) (c) 2.3 × 10−3 kg/s, 6.67 × 10−6 (about 7 parts per million)
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(17) 0.2 m, 0.5 π m, 4/π Hz, 2 m/s

(18) (a) 0.25 m, 3 rad/m, 40 rad/s, 13.3 m/s, (b) 20.9 m, 0.157 s, 6.37 Hz

(19) 519.6 m/s, No

(20) y = (0.05 m) sin(5 π x − 100 π t), 0.08 N

(21) 55.1 Hz

(22) (a) 16 m/s, 628.3 rad/s, (b) 157.9 W, (c) 1.6 cm

(23) (a) 20 m/s, π m, 6.4 Hz, (b) 75 W

(26) 60 m/s

(27) (a) 0.02 m, (b) 36 m/s, (c) 64.8 N

(28) (a) 40 Hz, (b) 80 Hz, 120 Hz, 160 Hz

(29) 1 m, π m, 10/π Hz, 10 m/s

(30) (a) 2.3 cm, (b) n( π
2.3 ) cm, (n = 0, 1, 2, . . .), (n + 1

2 )( π
2.3 ) cm, (n = 0,1,2,…),

(c) 4 cm

(31) 3.7 cm

(32) 437 Hz

(33) (a) 25 Hz, (b) 25/
√

2 Hz, (c) 25
√

2 Hz

(36) (a) 40 Hz, (b) 400 kg

(37) (a) 6 loops, (b) 1.67 Hz

(38) (a) μ1/μ2 = 4, (b) μ1/μ2 = 2.25

(39) 2 loops in string 1 and 5 loops in string 2, 395.2 Hz

(40) 8 nodes positioned at 0.32 m, 0.64 m, 0.8 m, 0.96 m, 01.12 m, 1.28 m, and

1.44 m from the left end of string 1

Chapter 15

(1) 351.6 m/s

(2) 422.3 m/s

(3) 5064 m/s

(4) 0.272 s

(6) 1321 m/s

(7) (a) 8.746 × 10−3 s = 8.8 ms, (b) 2.915 × 10−2 s = 29.2 ms

(8) 1170 m

(9) 1400 m

(10) (a) 2 Pa, (b) 1 m, 343 Hz, (c) 343 m/s

(11) (a) 4 μm, 0.314 m, 1091.8 Hz, 343 m/s, (b) 1.766 μm, (c) 2.74 cm/s

(13) 5.81 m

(14) 22.9 W
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(15) (a) 2 W/m2, (b) 1.125 W/m2

(16) 1.77 μW

(17) (a)λw = 4.51 λa, (b) (smax)a = 59.13 (smax)w, (c) (�Pmax)w = 59.13 (�Pmax)a,

(d) λa = 0.331 m, λw = 1.49 m, (smax)a = 1.09 × 10−8 m, (smax)w = 1.84 ×
10−10 m, (�Pmax)a = 0.0292 Pa, (�Pmax)w = 1.73 Pa

(18) 5 × 10−17 W, 5 × 10−5 W

(19) 120.8 dB

(20) 1000

(21) (a) 10−4 W/m2, (b) 82.1 dB

(23) 1.76 dB (This would barely be perceptible)

(24) (a) 133.8 dB, (b) 132 dB, (c) 129 dB

(25) (a) increased by a factor of 5, (b) increased by 7 dB

(26) (a) 4.0 × 10−5 W/m2, (b) 10 dB

(27) (a) about 109, (b) about 1012

(28) from about 100 Hz to about 20000 Hz

(29) 9 Hz difference

(30) 40 kHz

(31) 36 kHz

(32) (a) 5.92 Hz, (b) 4.34 m/s

(33) 20.58 m/s

(34) (a) 313 Hz, (b) 524 Hz, (c) 480 Hz

(35) (a) 471 Hz, (b) 480 Hz, (c) 9 beats/s

(36) (a) 0.364 m, (b) 0.398 m, (c) 982 Hz, (d) 900 Hz

(37) (a) The plane has a speed which is 1.5 times the speed of sound (or Mach 1.5),

(b) 41.8◦

(38) (a) 42.4 km, (b) 41.5 s

(39) (a) 23.6◦, (b) 17.2 s

(40) (a) 73.4◦, (b) 29.4 s, (c) 33.5 km

Chapter 16

(1) 2.83 cm, zero

(2) (a) 8 rad, (b) 0.073 m

(3) (a) 5(2n+1) cm, n = 0,1,2,..., (b) 10 n cm, n = 0,1,2,...

(4) 40.4 Hz, 80.9 Hz, 121.3 Hz

(6) The listener hears three minima.
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(8) (a) 2.18 cm, (b) 0.4 n π cm (n = 0,1,2,…), 0.4 (n + 1
2 ) π cm (n = 0,1,2,…),

(c) 4 cm

(11) 1429 Hz, 1143 Hz, 1715 Hz

(12) 286 Hz, 1429 Hz, 858 Hz

(13) (a) 0.75 m, (b) 1.5 m

(14) (a) 120 Hz, (b) 1.43 m

(15) 850 Hz, 1133 Hz

(16) 0.85 cm (for the upper limit) to 850 cm for the lower limit

(17) 67 cm, 111.7 cm

(18) (a) 15.5 cm, (b) 119 cm, (c) 440 Hz, 78 cm

(19) (a) 66 cm, (b) 262 Hz, 132 cm, (c) 262 Hz, 132 cm (the frequency and wave-

length are the same in the air, because it is the air that is resonating in the organ

pipe)

(20) −1.72%

(21) 476 m/s

(22) (a) The difference between successive harmonics is 140 Hz. The difference

between successive overtones for an open pipe is the fundamental frequency,

and each overtone is an integer multiple of it. Since 210 Hz is not a multiple

of 140 Hz, then 140 Hz cannot be the fundamental frequency, and so the pipe

cannot be open at both ends. Thus, it must be a closed pipe. (b) For a closed

pipe, the successive harmonics differ by twice the fundamental frequency. Thus

140 Hz must be twice the fundamental frequency, which is 70 Hz.

(23) (a) 85 Hz, (b) 340 m/s

(24) (a) 291 harmonics with n = 1, 2, 3, . . ., 291, (b) 291 harmonics with n = 1, 3,

5, . . ., 583

(25) (a) 348 m/s, (b) 125 cm

(26) 6 Hz

(27) 2%

(28) 516 Hz

(29) (a) 259 Hz or 265 Hz, (b) The frequency must have started at 265 Hz to become

266 Hz, (c) The tension should be reduced by 2.99%

(30) (a) 10.13 Hz, (b) 34.45 m

Chapter 17

(1) 1.25 × 108 m/s, 208.3 nm
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(2) (a) 3 × 108 m/s, (b) 2.256 × 108 m/s, (c) 5 × 1014 Hz, (d) 451.113 × 10−9 m,

(e) 5 × 1014 Hz

(3) (a) 0.1 ns, (b) 50 000

(4) 43.6◦

(5) (a) 2.143 × 108 m/s, (b) 38.2◦

(6) (a) 1.43, (b) 2.098 × 108 m/s

(7) 0.9 cm

(8) (a) 32.1◦, (b) 25.7◦, (d) 0.387 cm

(9) 24.4◦

(10) (a) 61.3◦, (b) 53.7◦

(11) (a) 1.3, (b) 50.3◦, (c) 66.8◦

(12) (a) 48.8◦, (b) 41.2◦

(13) (a) 50.3◦, (b) 33◦, 387 μm, Yes θ = 57◦ > θc fulfill the condition of total inter-

nal reflection (c) 3902 reflections

(14) 56.2◦

(15) 1.2 μs

(16) 58.47◦

(17) 0.34◦

(18) (a) 15.68◦, (b) 22.84◦

(19) (a) H = 100 cm, (b) h′ = h = 200 cm, i = − p (virtual), see the figure

e

f f

H

Im
ag

e

Mirror h'

'

t

h

t'

p i

(20) 0.75 m from its center

(21) i = − 0.2 m and M = + 2. The image is virtual because i is negative, upright

because M is positive, and twice as large as the object (h′ = 6 cm) because

M = 2
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(22) i = −0.2/3 m and M = +2/3.The image is virtual because i is negative, upright

because M is positive, and reduced (h′ = 2 cm) because M is less than unity

(23) We found that choosing i = p from the condition M = | −i/p| = 1 satisfies the

mirror equation 1/p + 1/i = 1/|f | and gives p = 2|f |, i.e. the object must be

placed at a distance 2f from the concave mirror. Note that, choosing i = − p

from the condition M = | − i/p| = 1 cannot satisfy the mirror equation.

(24) Choosing either i = p or i = − p from the condition M = | −i/p| = 1 does not

satisfy the mirror equation 1/p + 1/i = −1/|f |. Note that the mirror equation

for convex mirrors leads always to a virtual, upright, and reduced image for all

values of p.

(25) (a) f = + 5 cm for the concave mirror:
(i) p = ∞, i = 5 cm, M = 0 (real, focus, reduced)

(ii) p = 15 cm, i = 7.5 cm, M = −0.5 (real, inverted, reduced)

(iii) p = 10 cm, i = 10 cm, M = −1 (real, inverted, equal)

(iv) p = 7.5 cm, i = 15 cm, M = −2 (real, inverted, enlarged)

(v) p = 5 cm, i = ∞ cm, M = −∞ (real, inverted, enlarged)

(vi) p = 2.5 cm, i = −5 cm, M = +2 (virt., upright, enlarged)

(b) f = − 5 cm for the convex mirror:

(i) p = ∞, i = −5 cm, M = 0 (virt., focus, reduced)

(ii) p = 15 cm, i = −3.75 cm, M = +0.25 (virt., upright, reduced)

(iii) p = 10 cm, i = −3.3 cm, M = +0.33 (virt., upright, reduced)

(iv) p = 7.5 cm, i = −3 cm, M = +0.4 (virt., upright, reduced)

(v) p = 5 cm, i = −2.5 cm, M = +0.5 (virt., upright, reduced)

(vi) p = 2.5 cm, i = −1.67 cm, M = +0.67 (virt., upright, reduced)

(26)

0 2 4 6 8 10
0.0

0.2

0.4

0.6

0.8

1.0

0 2 4 6 8 10

-60

-40

-20

0

20

40

(a) (b)

p (cm) p (cm)

Concave mirror ( f = 5 cm) Convex mirror ( f = 5 cm)

M M
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(27) (a) i = 18 cm and M = −2. The image is real because i is positive, inverted

because M is negative, and enlarged (h′ = −0.4 cm) because |M| is greater

than unity. (b) i = −6 cm and M = 2. The image is virtual because i is negative,

upright because M is positive, and enlarged (h′ = 0.4 cm) because M is greater

than unity

(28) i = −22.5 cm (both the object and image are in front of the spherical surface in

water) and M = 1.5. The image is virtual because i is negative, upright because

M is positive, and enlarged because M is greater than unity

(29) (a) i = 15 cm and M = −0.5. The image is real because i is positive, inverted

because M is negative, and reduced because M is less than unity, (b) i =
−10 cm and M = 2. The image is virtual because i is negative, upright because

M is positive, and enlarged because M is greater than unity

(30) (a) i = −7.5 cm and M = 0.25. The image is virtual because i is negative,

upright because M is positive, and reduced because M is less than unity, (b)

i = −3.3 cm and M = 0.67. The image is virtual because i is negative, upright

because M is positive, and reduced because M is less than unity

(32) (a) i = −5 cm and f =−20/3 cm. The image is virtual and the lens is a diverg-

ing lens. (b) R = 18 cm

(33) f2 = −37.5 cm

(34) i = −1.75 cm. The image is virtual and 1.75 cm in front the diverging lens

(35) i = +9.6 cm. The image is real and 9.6 cm behind the diverging lens

(36) i = +40 cm. The image is real and 40 cm behind the second lens, reduced

because M = 0.5, and upright because M is positive

(37) i = +4 cm. The image is real and 4 cm behind the second lens, reduced because

M = −0.4, and inverted because M is negative

(38) f1 = −5 cm

(39) f1 = −5 cm as in Exercise 38

(40) di/dt = f 2/(p − f )2 v, p = 2f

Chapter 18

(1) �y = 2.52 mm

(2) 500 nm (in the range of green light)

(3) λV = 400 nm, λR = 700 nm

(4) 600 nm, 5 × 1014 Hz
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(5) 4.5 × 10−6 m

(6) 2.9◦, 8.6◦, 14.5◦, 20.5◦, and 26.7◦, (corresponding to the order m = 1, 2, . . ., 5

for dark fringes)

(7) After the central fringe, the 12th blue fringe will overlap with the 10th yellow

fringe to produce a green fringe

(8) (a) 58, (b) 80.4◦

(9) 8.8 cm

(10) 0.019 mm

(11) 1355 rad

(12) (a) 0.75 I◦, (b) 94.5 nm

(13) 0.864

(16) (a) d = 100 nm, (b) Yes, with m = 2

(17) 686.4 nm

(18) d = 1473 nm

(19) (a) 21 dark bands and 20 bright bands between them, (b) 0.5 cm

(20) (a) 168.6 nm, (b) If the thickness were much less than one wavelength, then

there would be a very little phase change introduced by an additional path

length, and so the two reflected waves would have about π rad phase difference.

This would produce destructive interference.

(21) 102 nm

(22) (a) 74.2 nm, 541.7 nm (b) A light ray reflected from the air-oil interface under-

goes a phase shift φ1 = π. A ray reflected at the oil-water interface undergoes

no phase shift. When the oil thickness is negligible compared to the wavelength

of the light, then there is no significant shift in phase due to a path distance

traveled by a ray in the oil, i.e., φ2 ≈ 0. Thus, the light reflected from the two

surfaces will destructively interfere for all visible wavelengths and the oil will

appear black.

(23) (a) 675 nm, (b) 2.8 mm

(26) 12.33 m, 23.71 m

(27) (a) λ = 632.9 nm, (b) I3/Imax = 8.3 × 10−3 ≡ 0.83%

(28) 114 cm

(29) 0.26 mm

(30) (a) a = λ, (a) a = 400 nm

(31) (a) 25 cm, (a) 51.5%

(33) 625 nm

(34) 17.3◦
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(35) (a) d = 2.5 × 103 nm, (b) m = 0, 1, 2, 3, (c) R = 732.5, (d) N ′ = 366 slits

(36) For λ = 700 nm, mmax = 3.2. Three full spectral orders can be observed on

each side of the central maximum as well as a portion of the fourth order. For

λ = 400 nm, mmax = 5.6. Five full spectral orders can be observed on each

side of the central maximum as well as a portion of the six order.

(37) 16.6 cm for λ = 700 nm and 9.1 cm for λ = 400 nm

(38) The wavelengths 600–700 nm of the second order overlap with the wavelengths

400–467 nm of the third order.

(39) (a) 3, (b) The resolution is best for the third order, since it is more spread out

than the second and first order, (c) 0.028 nm

(40) 63.4◦

(41) 0.125 I◦
(42) 45◦

(43) 0.5625 I◦ (56.25%)

(44) 65.53◦

(45) (a) I1/I◦ = 1
2 , I2/I1 = 3

4 , and I2/I◦ = 3
8 , (b) 63.4◦

Chapter 19

(1) A neutral atom has the same number of electrons orbiting a nucleus having

the same number of protons. A negatively charged atom has an excess of one

or more electrons, while a positively charged atom has one or more missing

electrons.

(2) The rubber rod will be negatively charged while the fur will be positively

charged. It is not possible to transfer positive charges from rubber to fur or vice

versa, because positively charged nuclei (or protons) are massive and immobile,

unlike electrons.

(3) Negative charged copper rod.

(4) When the comb is near the bits of paper, molecules in the paper are polarized

with an opposite charge facing the comb, and the paper is attracted. During

contact, charge from the comb is transferred to the paper by conduction. Then

the paper may be neutralized and fall off. It may even become equally charged

as the comb, and then get repelled.

(5) Wearing rubber-soled shoes allows for an accumulation of charge by friction

with the floor. Upon discharging, a spark may result, and if the area is enriched

with oxygen, then it would result in an explosion.
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(6) No. Molecules in the wall are polarized with an opposite charge facing the

balloon, and the balloon is attracted to the wall. During contact, ionization of

the air between the balloon and the wall provide ions so the excess electrons in

the balloon can be transferred to the ions, reducing the charge on the balloon and

eventually causing the attractive force to be insufficient to support the weight

of the balloon.

(7) We first allow the two uncharged metallic spheres to touch. The charged rubber

rod is then brought near one of the spheres. The positive charge on the rubber

rod will repel the electrons in the nearby sphere and cause them to move to

the far end of the second sphere (this is known as charging by induction).

If the spheres are now separated, one of them will retain a negative charge

while the other will retain an equal amount of positive charge. Finally, we take

away the charged rubber rod.

(8) 6.24 × 1018 electrons, 5.68 × 10−12 kg

(9) (a) 9 × 1013 N, (b) 9 × 109 N, (c) 9000 N, Yes, Yes

(10) 2.3 × 10−8 N

(11) 2.1 × 10−4 N

(12) 2.1 × 1011 electrons

(13) (a) 2.62 × 1024 electrons, (b) 2.39 electrons per billion (109)

(14) (a) 57.6 N, (b) Larger by 1.24 × 1036 times

(15) q/m = 8.61 × 10−11 C/kg

(16) q = ±1.4 × 10−9 C, No, both positive and negative charges repel each other.

(17) (a) 35 μC and 5 μC, (b) 45 μC and −5 μC or −45 μC and 5 μC

(18) 14.4 N away from q2

(19) 0.02 N on q1 and directed to the left, zero force on q2, and 0.02 N on q3 and

directed to the left.

(20) 0.25 N, No, only the direction will be reversed

(21) 8.9 N at 204◦ or
→
F = (−8.1

→
i − 3.6

→
j ) N

(23) 0.97 N at 135◦ or
→
F = (−0.69

→
i + 0.69

→
j ) N

(24) (a) 0.018 N at 45◦ or
→
F = (0.013

→
i + 0.013

→
j ) N, (b) 3.1 × 10−2 N at 225◦ or

→
F = (−2.2 × 10−2→

i − 2.2 × 10−2→
j ) N

(25) (a) 2 k q q◦/a2, negative x-direction, (b) 2 k q q◦/(a2 + y2)3/2, negative

x-direction

(26) (a) 82.3 × 10−9 N, (b) 9.04 × 1022 m/s2, (c) 2.19 × 106 m/s

(27) (a) zero, (b) 1.9 × 109 N

(28) q1 = q2 = Q/2
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(29) (a) T = 2 π
√

πε◦ m a3/q q′, (b) 6.63 × 10−13 s 
 0.7 ps

(30) (b) 7.318 × 10−9 C

(31) (a) x = k q Q L/2 W h2, P = W − 3 k q Q/h2, (b) h = √
3 k q Q/W

(32) (a) θ1/θ2 = 3, (b) r = (8 k L q2/3 m g)1/3

Chapter 20

(1) (a) 9 × 107 N/C, (b) 9 × 103 N/C, (c) 9 × 10−3 N/C

(2) (a) 1.1 × 10−14 C, (b) 1.1 × 10−10 C, (c) 1.1 × 10−4 C

(3) (a) 5.6 × 10−11 N/C, down, (b) 1.0 × 10−7 N/C, up, very small values

(4) (a) 5 × 105 N/C, negative x-direction, (b) 8.8 × 1016 m/s2

(5) (a) 1.8 × 103 N/C, 243.4◦, (b) 3.6 × 104 N/C, 36.9◦

(6) At 20 cm to the right of the −4 μC charge

(7) 7.2 × 107 N/C directed toward q2

(8) (a) zero, (b) zero, (c) 1.3 × 107→
i (N/C)

(9) 5.4 × 105 N/C to the left

(10) (a) +5.88×108N/C,+1.28×1011N/C,−6.41×1011N/C,−6.41×1011N/C,

+1.28 × 1011N/C,+5.88 × 108N/C, (b) about 98%

(11) (a) −2.84 × 108 →
i (N/C),−2.58 × 1010 →

i (N/C),−2.06 × 1011 →
i (N/C),

−2.06 × 1011 →
i (N/C),−2.58 × 1010 →

i (N/C),−2.84 × 108 →
i (N/C), (b)

about 102%

(12) (a) λ = −Q/L, (d) 3.2 × 106 N/C directed toward the rod

(13) (a) E = k λ/a to the left, (a) E = k λ◦/2 a to the left

(14) (a) zero, (b) 1.32 × 106 N/C, (c) 7.68 × 106 N/C, (d) 4.35 × 105 N/C, (e) The

electric field is zero at the center of the ring, then increases as a increases, and

finally starts to decrease as a increases

(15) 1182 N/C to the right

(16) E = 4 k Q/πR2 to the left, where Q is the magnitude of the charge on each

quarter circle, i.e. with |λ| = 2 |Q|/(π R)

(17) E = 4 k Q/πR2 to the left, the same formula as in Exercise 16, but Q here is

the magnitude of the charge on each half circle, i.e. with |λ| = |Q|/(π R)

(20) (a) q1/q2 = 3/53/2 
 0.3, (b) Yes, to the left of C1

(21) (a) 3.32×105 N/C, (b) 2.72×105 N/C, (c) 3.58×104 N/C, (d) 4.23×102 N/C

(23) The near-field approximation matches the 1 mm location and the point charge

approximation matches the 100 cm location.

(24) z = R/
√

3
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(25) E = σ/ε◦
(27) (a) 8.78 × 108 m/s, 3.51 × 10−13 J, (b) 4.79 × 105 m/s, 1.92 × 10−16 J

− − − − − −

(a) and (c) (b)

Neutral point (d) (e)

+ + + + + +

 on the disk and  on the rodσ λ− −  on the diskσ+

q+

q+

N

+∞−∞
λ−

λ+
q+ +∞−∞

− − − − −

+ + + + +

(28) (a) 4.52 × 105 N/C, (b) 7.23 × 10−14 N to the left, (c) 7.95 × 1016 m/s2 to the

left, (d) 6.14 × 10−10 s, (e) 4.88 × 107 m/s and 1.08 × 10−15 J

(29) (a) 7.95 × 1016 m/s2 to the left, (b) 4.88 × 107 m/s, (c) 4.61 × 10−10 s

(30) The electron will hit the upper plate at x = 2.386 × 10−2 m 
 2.4 cm

(31) The proton will never hit the lower plate and at y = −d/2, the x-coordinate of

the proton will be x 
 102 cm

(32) (a) 1.76 × 1013 m/s2, (b) 1.5 × 10−8 s, (c) 1.98 × 10−3 m = 0.198 cm,

(d) 4.15 × 10−2 m = 4.15 cm

(33) (a) 9.581×109 m/s2, (b) 1.5×10−8 s, (c) 1.078×10−6 m (almost no deflection),

(d) 2.263 × 10−5 m (little deflection)

Chapter 21

(1) (a) 105 N.m2/C, (b) −105 N.m2/C, (c) zero, (d) zero, (e) 5 × 104 N.m2/C

(2) 2.5 × 106 N/C

(3) (a) zero, (b) −π × 103 N.m2/C, (c) π × 103 N.m2/C

(4) (a) a3β N.m2/C, (b) 0.04 N.m2/C, zero
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(5) (a) zero, (b) βA, (c) αA

(6) (a) 2.8 N.m2/C, (b) −2.8 N.m2/C

(7) (a) −E r h, (b) +E r h, (c) zero

(8) (a) q/ε◦, (b) (q + 2 π R λ)/ε◦
(9) (a) q/ε◦, zero, 2 q/ε◦, and zero, (b) No, (c) Because the number of electric field

lines that enter any surface will emerge from it and hence do not contribution

to the electric flux.

(10) (a) 2.856 × 104 N.m2/C, (b) 1.414 × 106 N.m2/C, Yes

(11) (a) 103 N.m2/C, (b) zero

(12) 4.425 × 10−3 C/m3

(13) (a) zero, (b) 126.3 N.m2/C

(14) (a) q/2ε◦, (b) −q/2ε◦
(15) 5 × 105 N/C upwards

(16) 5 × 109 N/C away from the wall. The field is uniform as long as the distance

from the wall is much less than the wall’s dimensions.

(17) (a) zero, (b) σ/ε◦ to the right, (c) zero

(18) (i) (a) σ/ε◦ to the left, (b) zero, (c) σ/ε◦ to the right (ii) (a) σ/ε◦ to the right,

(b) zero, (c) σ/ε◦ to the left

(19) (a) 3.9 × 10−9 C/m2, (b) (441.4 N/C)
→
k , (c) −(441.4 N/C)

→
k

(20) (a) 14.4 M N/C inwards, directed to the filament, (b) 7.2 M N/C inwards,

directed to the filament, (c) 1.44 M N/C inwards, directed to the filament

(21) (a) 6 × 105 N/C, (b) 7.54 × 103 N.m2/C

(22) (a) 1.1 × 10−6 C, (b) zero

(23) ρ r/2ε◦ radially outward if ρ is positive

(24) (a) zero, (b) 6.75 × 106 N/C

(25) (a) zero, (b) E = k Q/r2, (c) zero

(26) 5.94 × 105 m/s

(27) (a) 9 × 10−7 C, (b) 7.5 × 10−6 C

(28) (a) zero, (b) 3.38 × 106 N/C, (c) 6.75 × 106 N/C, (d) 3.0 × 106 N/C,

(e) 7.5 × 105 N/C

(29) 8.34 × 10−9 C

(30) E = α r2/4ε◦ for r ≤ R radially outward, and E = α R4/4ε◦ r2 for r ≥ R radi-

ally outward

(31) EC1 = −ρR/6ε◦ downwards, EC1 = 17ρR/54ε◦ upwards
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(32) (a) E = (kQ/R3) r, (b) E = kQ/r2, (c) zero, (d) zero, (e) inner charge is −Q,

outer charge is 0

(33) (a) σCopper = Q/2 A, σGlass = Q/A, (b) ECopper = σCopper/ε◦ = Q/2 A ε◦, EGlass

= σGlass/ε◦ = Q/2 A ε◦, the magnitude of the two fields are the same, and both

are perpendicular to the plates

(34) (a) λinner = −λ, λouter = 4 λ, (b) E = 2 k λ/r (radius of the wire < r < R1),

E = 0, (R1 < r < R2), E = 8 k λ/r(r > R2)

(35) E = k(q1 + q2)/r2, directed outward if (q1 + q2) > 0 and inwards if (q1 +
q2) < 0

Chapter 22

(1) (a) Zero, (b) 10−3 J, (c) −1.56 × 10−3 J

(2) (a) Zero, (b) −10−3 J, (c) +1.56 × 10−3 J

(3) (a) Zero, (b) 10−3 J, (c) −1.56 × 10−3 J

(4) 1.35 × 106 J, 6.02 × 1023 electrons, Avogadro’s number

(5) 3.7 × 105 N/C

(6) (a) 1200 V, (b) 2.05 × 107 m/s

(7) (a) 135.6 N/C, (b) 7.38 cm

(8) (a) 240 V, (b) 240 V

(9) (a) 2 m/s, (b) The same

(10) (a) 1.44 × 10−7 V, 7.2 × 10−8 V, (b) −7.2 × 10−8 V

(11) (a) −1.44 × 10−7 V,−7.2 × 10−8 V, (b) 7.2 × 10−8 V

(12) (a) 0.9 m, (b) 3.6 × 10−9 C

(13) 3 cm

(14) (a) −1.44 × 107→
i (V), (b) Zero, −0.36 J, (c) Zero

(15) 4639 V

(16) −7.2 × 103 V

(19) 16.3 μ V

(20) (a) k Q ln(1.8)/L, (b) Zero

(21) −2 π k λ/3

(22) k λ(π + 2 ln 2)

(23) (a) −3.02 × 106 V, (b) −1.51 × 106 V

(24) z = ± √
3 R

(25) V = 2 π σ k

(√
R2

2 + a2 −
√

R2
1 + a2

)

(26) 2331 V



1046 Answers to All Exercises

(28) V =π α k
(

R
√

R2 + a2 + a2 ln
⌈

a/
{

R + √
R2 + a2

}⌉)

(29) (a) r = √
3/2 R, (b) VR − V0 = −kQ/2R

(30) (a) Vr = (α R3/12 ε◦)(4 − r3/R3) for 0 ≤ r ≤ R, (b) Vr = α R4/(4 ε◦r) for

r ≥ R

(31) (a) 1.8 × 106 V, (b) 1.8 × 106 V, (c) 1.8 × 106 V, (d) 1.2 × 106 V

(32) (a) 4.2 × 1014 electrons, (b) 1.33 × 10−4 C/m2

(33) 150 V

(35) (a) qa = Q a/(a + b), qb = Q b/(a + b), (b) V = k Q/(a + b)

(36) 109.86 V

(37) (a) Ex = (−6 x − 6 y2 + 4 z) V/m, Ey = (−3 x2 − 12 y2 + 4 z) V/m, Ez = (−3 x2

− 6 y2 + 4) V/m, (b) Ex = −4 V/m, Ey = −28 V/m, Ez = −32 V/m

(38) Er = ± 2 k p/r3(+ when θ = 0 and − when θ = π)

(39) (a) 900 kV, (b) 3 × 10−5 C = 30 μC, (c) 135 kV, 67.5 kV/m

(40) 10.7 hp

Chapter 23

(1) 150 μ C

(2) 80 000 V

(3) 3 × 10−5 C

(4) 3.54 n m

(5) (a) 177 pF, (b) 3.54 n C, 8.85 × 10−8 C/m2 (c) 10 kV

(6) 79.65 n C

(7) 3.475 n C

(11) (a) 227 pF, (b) 353 V

(12) 40 pF

(13) (a) 2 × 10−10 F, (b) 10 nC

(14) 708 μ F

(15) 4.41 f F

(16) (a) 53.1 pF, (b) 376.6 V

(17) (a) 750 μ C, (b) 33 μ C, 22.7 V

(18) (a) 10.6 n C, (b) 210 n C

(19) 1.000 578

(20) (a) 1.77 nF, 21.24 n C, 7.97 nF, 95.58 n C, (b) 30.98 n C/m2, 3500 N/C

(21) (a) 5 μ F, (b) Q1 = 18 μ C, Q2 = 27 μ C, (c) �V1 = �V2 = 9 V

(22) (a) 1.2 μ F, (b) Q1 = Q2 = 10.8 μ C, (c) �V1 = 5.4 V,�V2 = 3.6 V



Answers to All Exercises 1047

(23) (a) 2.2 μ F, (b) Q1 = 6 μ C, Q2 = Q3 = 7.2 μ C, (c) �V1 = 6 V,�V2 = 3.6 V,

�V3 = 2.4 V

(24) (a) 484 μ C, (b) 198 μ C, (c) 96 μ C, (d) 44 μ C

(25) (a) Q1 = 50 μ C, Q3 = 40 μ C, (b) �V = 35 V

(26) (a) 6 μ F, (b) �V = 35 V

(27) (a) 2 C/5, (b) C, (c) 5 C/3, (d) 11 C/6

(28) (a) 9.6 μ C, (b) 24 μ C, (c) 40 μ C, (d) 44 μ C

(29) (a) 65 μ F, (b) 750 μ C, (c) 11.54 V, (d) Q1f = 28.85 μ C, Q2f = 46.13 μ C

(33) 44.25 n J

(34) (a) U1 = 200 μ J, U2 = 300 μ J, (b) Yes, Ueq = U1 + U2

(35) (a) �Vf = 5 V, Q1f = Q2f = 25 μ C, (b) Ui = 250 μ J, Uf = 125 μ J, Ui > Uf

(36) 9.5%

(37) 50 kV/m, 0.011 J/m3, 8.69 × 10−8 J

(38) 0.02 J

(39) (a) 40 V, (b) 800 J

Chapter 24

(1) 1019 elecrons/s

(2) (a) 600 C, (b) 3.75 × 1021 electrons

(3) (a) 9632 C, (b) 5.35 A

(4) (a) 5 × 1018 electrons per second, (b) 0.8 A

(5) (a) 60 C, (b) 30 A

(6) (a) I = 2(1 + t), 6 A, (b) J = 2 × 104(1 + t), 60 kA/m2

(7) (a) 2387.3 A/m2, (b) 596.8 A/m2

(8) (a) IIron = 8 A, JIron = 4.07 × 105 A/m2, (b) JCopper = 2.55 × 108 A/m2

(9) 1.04 × 10−3 m/s 
 1 mm/s

(10) 7.32 × 10−1 V/m

(11) (a) 1.59 × 106 A/m2, (b) 50 V/m, (c) 3.14 × 10−5 �.m, 3.18 × 104 (�.m)−1

(12) 3.975 �

(13) (a) 3.9 × 105 A/m2, (b) 6.357 × 10−3 V/m, (c) 3.184 × 10−3 V, (d) 6.366 ×
10−4 �, (e) 23.91◦C

(14) (a) 18.85 A, (b) 5.3 × 10−6 �, 10−4 V

(15) (a) 1.776 × 10−2 m, (b) 9.57 × 10−7 �, (c) 10.45 A, 2.45 μm/s

(16) 78%
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(17) 27.8 �

(18) 5.25 × 10−3 �

(19) (a) 1.892 × 10−8 �.m, (b) 1.06 × 107 A/m2, (c) 8.33 A, (d) 0.012 �,

(e) 1.13 mm/s, (f) 1 V

(20) R◦ n = 4 �, R◦ c = 5 �

(21) (a) 0.25 A, (b) 960 �, (c) 0.42 A, 576 �

(22) (a) 88 �, (b) 2.5 A, (c) 163.6 W

(23) (a) 2.4 �, (b) 10 A, (c) 102 mm

(24) (a) 0.02 A, (b) 20 V

(25) (a) 0.9 kW. h, (b) 31.5 piaster

(26) (a) 31.83 A/m2, (b) 6.25 × 1014 electrons/s, (c) 0.5 W, (d) 4.19 × 107 m/s,

(e) 4.75 × 1012 electrons/m3

(27) 231.25 �

(28) (a) 2 A, (b) 10 V

(29) (a) 0.5 �, (b) 8.25 V

(30) (a) 0.05 �, (b) 0.15 �

(31) (a) 29 �, (b) 3.3%, (c) 0.1 A, No

(32) (a) 2.8 �, (b) 14 V

(33) (a) 6 �, (b) 14 V

(34) (a) 5 R/2, (b) R, (c) 3 R/5, (d) 6 R/11

(35) (a) 2.4 A, 1.2 A, 1.2 A, 2.4 A, (b) 3 A, 3 A, 3 A, 3 A, (c) 4 A, 6 A, 2 A,

2 A, (d) 2 A, 3 A, 6 A

(36) (a) 1.5 M�, (b) 0.7 M�

(37) (a) 960 �, (b) 0.2 A, (c) 192 V, (d) 38.4 W

(38) (a) 6 �, (b) 2 A, (c) I3 = 1.5 A, I4 = 0.5 A, (d) P1 = 4 W, P2 = 9 W, P3 = 9 W,

P4 = 3 W

(39) I1 =−1 A, I2 = 1 A, I3 = 2 A

(40) I1 =−14/11 A, I2 = −18/11 A, I3 = −32/11 A

(41) I1 = 2 A, I2 = 2 A, I3 = −4 A

(42) ε1 = 9 V, I2 =−2.5 A, I3 = −2 A

(43) I1 = 0.5 A, I2 = −1 A, I3 = −0.5 A, I4 = 0

(46) 39. 7%

(47) (a) 2 s, 24 μC, 12 μA, (b) 1.39 s

(49) (a) 1.1 m C, 4.4 m A, (b) 0.15 m C, 0.6 μA

(50) τBefore = 2 s, τAfter = 0.75 s, ISwitch = 0.6 mA + (0.2 mA)e−t/0.75
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Chapter 25

(1) (a) down, (b) to the left, (c) in the plane of the page and perpendicular to
→
v and

→
B , (d) up, (e) no force, (f) into the page, (g) into the page, (h) out of the

page

(2) (a) to the left, (b) no deflection, (c) out of the page, (d) to the right

(3) 24.6◦ or 155.4◦

(4) −1.82 × 10−13 →
k (N), along the negative z-axis

(5) 6.4 × 10−17 N, downwards

(6) 3.845 × 10−26 kg, Sodium ion

(7) (a) 0.167 m, (b) 131 μs, (c) 6.4 × 10−11N

(8) (a) 1.548 × 107 m/s, (b) 7.43 × 10−12 N, (c) 0.215 m, (d) 1.1 × 1015 m/s2

(9) (a) 1.708 × 10−3 m, (b) 3.577 ns, (c) 0.014 m

(10) (a) 60◦, 62.625 cm, (b) 39.7◦, 14.44 cm, (c) 21.2◦

(11) 3.75 × 104 m/s

(12) 20.5 mT

(13) (a) and (b) The magnetic field is out of page, the left plate is at a higher electric

potential for the left pair, and the right plate is at a higher electric potential for

the right pair. Note that, these polarities are reversed when the magnetic field

is into the page in the case of a clockwise path, (c) 8.54 cm

(14) (a) 7.5 × 104 m/s, (b) 40.56 cm

(15) (a) 2.4 × 105 m/s, (b) 9.96 mm

(16) (a) 7.38 × 10−11 m3/C, (b) 5.53 μV, (c) 1.11 × 10−3 V/m

(17) (a) 5.85×1028 electrons/m3, (b) 5.86×1028 atoms/m3, the number of charge

carriers in silver is almost one electron per atom, (c) 1.424 × 10−4 V/m

(18) (a) 6.67 × 10−5 m/s, (b) 5.854 × 1028 electrons/m3, (c) point b is at higher

potential

(19) 0.525 N

(20) (a) 1.875 × 10−1 N, 323.1◦ from the x-axis in the xy plane

(21) Fab = 0, Fbc = 0.5 I LB, into the page, Fcd = 0.5 I LB out of the page,
∑

F = 0

as must be for a closed loop

(22) 0.625 A (when g = 10 m/s2)

(23) Fab = 0, Fbc = 0.1 N, Fcd = 0.05 N, Fde = 0.1 N, Fef = 0

(24) F = 2πR I B sin θ, to the right

(25) (a) 0.628 A·m2, (b) 6.283 × 10−2 A·m
(26) (a) μ= 0.2171 I L2 out of the page, (b) τ = 0.2171 I L2B up
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(27) 9.425 × 10−3 N·m
(28) (a) B = mg/π I R, (b) The same B = mg/π IR for 0◦ ≤ θ ≤ 90◦

(29) 1.35 N·m, counterclockwise

(30) (a) 21 A·m2, (b) 53◦, (c) 13.42 N·m, the coil will rotate so that →
μ aligns with

→
B . Looking down along the y-axis, the loop will rotate in a clockwise direction

(31) (a) μ= 1.473×10−3 A·m2, (b) →
μ = 1.473×10−3→

k (A·m2), (c) →
τ = [2.946×

10−4 →
j − 4.419 × 10−4→

i ] (N·m), only the component of torque along y-axis

cause a torque about this axis, while the one along the negative x-axis has no

effect on the loop. Looking down along the y-axis, the loop will rotate in a

counterclockwise direction

(32) 1.4 rad = 80.2◦

(33) (a) 1.3 × 108 m/s, 0.31 s, (b) 5.2 km, no

Chapter 26

(1) (a) −7.8 × 10−9 →
k (T), (b) −4 × 10−9 →

k (T)

(2) 13.7 T

(3) υ2/c2

(4) At P, 33.3 μT out of the page and at Q, 33.3 μT out the page

(5) At P, 66.7 μT out of the page and at Q, 66.7 μT into the page

(6) 69.3 μT to the left

(7) (a) Zero, (b) 11.3 μT to the left, (c) Zero

(8) Zero for the two wires that point extends along their length, 2 μT (into the page)

for the two vertical wires that they have a 5 cm length, 4 μT (into the page) for

the horizontal wire that has a 10 cm length, Btot = 8 μT

(9) 31.42 μT, 22.48 μT, 1.11 μT, 1.16 μT

(10) 7.63 cm, 18.13 cm, 39.79 cm

(11) 21.14 μT out of the page

(12) 17.65 μT out of the page

(13) (a) 0.021 T

(14) (a) 16 μC, (b) 64 μN repulsive force

(15) (a) B(x)= μ◦Ia/π(a2 + x2)
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(b)

-60 -40 -20 20 40 600
-4

-2

0

2

4
B (mT)

x (mm)

(16) (a) F(2) = 30 μT to the right, F(4) = 90 μT to the left, (b) F(3) is up, F(1) is

down, (c) 60 μT to the left

(17) (a) B = 0 (for r < R) and B = μ◦I/2πr (for r ≥ R)

(18)
∮

C1

→
B • d→s = 10μ◦,

∮
C3

→
B • d→s = −10μ◦,

∮
C3

→
B • d→s = 0, No one

(19) Ba = 100 μT toward top of page, Bb = 50 μT toward bottom of page

(20) 250 μT, 500 μT, 250 μT

(21) Br<a = 0, Ba<r<b = [μ◦I/2πr][(r2 − a2)/(b2 − a2)], Br>b = μ◦I/2πr

(22) B = μ◦nI

(23) B = 0.503 T

(24) (a) 400 turns per layer, (b) 3.0 T

(25) 60.3 μT

(26) (a) 5 layers, (b) 47.43 m

(27) B(r)= μ◦NI/2πr

(28) 2 × 10−3 T

(29) 0.024 T, 0.022 T

(30) (b) B = 1
2μ◦λ

(31)
→
Ba = −μ◦λ

→
i ,

→
Bb = 0,

→
Bc = + μ◦λ

→
i

(32) (a) 0.2 A, (b) 22.6 × 109 V·m/s, (c) 0.5 μT

(33) (a) 1.079 × 1012 V/m.s, (b) 3 × 10−7 T

(34) 2.57 × 10−34 J·s, 0,−9.27 × 10−24 J/T, 1.85 × 10−23 J/T

(35) (a) For m� = 0 we get Lz = 0, μ�,z = 0, (b) For m� = 0 we get U� = 0, (c) For

m� = −2 we get Lz = 2.1 × 10−34 J·s, μ�,z = 1.85 × 10−23 J/T, U� = −7.42 ×
10−24 J

(36) Us = ±4.635 × 10−24 J,�Us = 9.27 × 10−24 J



1052 Answers to All Exercises

(37) 6.489 × 10−22 J = 4.056 × 10−3 eV

(38) 1.105 × 102 A/m along the disk axis, 1.192 × 1027 atoms

(39) (a) →
μ Before = 0,

→
μ After is out of page, (b) Counterclockwise, (c) Into of the

page

(40) −5 × 10−5

(41) (a) 1.8 × 103 A/m, 2.2619467 m T, 0.452 389 34 μWb, (b) 3.6 × 10−3 A/m,

2.2619422 m T, 0.452 388 44 μWb

(42) (a) 4 × 103 A/m, 5.026548 m T (b) 9.2 × 10−2 A/m, 5.026663 m T,

(43) 2.72 × 10−1 A/m, 5.026890 mT

(44) 5.58 × 105 A/m, 0.7 T

(45) (a) 1.6 × 106 A/m, (b) 15.98 A.m2, (c) 8 m.N

(46) 2.64 T

(47) 2 × 10−4 T.m/A = 159.2 μ◦

Chapter 27

(1) (a) 0.06 Wb, (b) 64.6◦

(2) 0.12 V, 0.08 A

(3) As the south pole of the magnet is pushed into the loop, the magnetic flux

increases out of the right face of the loop. To oppose this increase, the flux

produced by the induced current must be into the right face of the loop, so the

induced current must be from right to left in the resistor

(4) As the north pole of the magnet recedes from the loop, the magnetic flux

decreases into the left face of the loop. To oppose this decrease, the flux pro-

duced by the induced current must be into the left face of the loop, so the

induced current must be from left to right in the resistor

(5) −200 V

(6) Clockwise for the inside loop and Counterclockwise for the outside loop

(7) 1.57 × 10−2 V

(8) 0.005 V

(9) (a) (0.8 − 10−3t) (T), (b) π × 10−5 V

(10) (a) Clockwise, (b) counterclockwise, (c) counterclockwise, (d) clockwise,

(e) counterclockwise, (f) clockwise, (g) clockwise when �B decreases and

counterclockwise when �B increases, (h) no induced current

(11) (a) Clockwise, (b) 4.91 × 10−2 V, (c) 2.5 × 10−2 A

(12) (a) Clockwise, (b) 3.47 × 10−1 V, (c) 2.31 × 10−1 A
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(13) (a) Clockwise, (b) 0.94 mV, (c) 0.38 mA

(14) (a) Opposite to the solenoid’s current, (b) 0.2 mV, (c) 51 μA, (d) Opposite to

the solenoid’s new current, 0.2 V, 51 mA

(15) (a) 5.89 mV, (b) 23.1 mJ, (c) 8.97 × 10−3 ◦C

(16) (a) 8.011 × 10−3 V, (b) 4.48 × 10−2 �, (c) 178.8 mA, (d) 1.43 × 10−3 W

(17) (a) 235.6 mV, (b) 1.04 × 10−4 J,

(18) (a) �B = μ◦I b In(1 + x/a)/2π, (b) ε =μ◦I b v/[2π(x + a)], F = {μ◦I b v/

[2π(x + a)]}2/(Rv)

(19) 0.18 V

(20) 0.5 T

(21) 0.6 V

(22) (a) 3.75 V, (b) 140.6 mN, (c) 1.406 W

(23) (a) I = BLvArod/[2(vt + L)ρ], (b) P = B2L2v2Arod/[2(vt + L)ρ]
(24) vt = m g R/B2L2 = 0.33 m/s

(25) (a) B L g sin θ cos θ t, (b) The near side has a higher potential

(26) v = (ε◦/BL)[1 − e−(B2L2/mR)t], vt = ε◦/BL

(27) 30 V

(28) 311 V

(29) 198 turns

(30) 4.4 rev/s

(31) 0.156 A

(32) 3.536 A, 5 A

(33) (a) 302.5 �, (b) 806.7 � for the 60-W bulb and 484 � for the 100-W bulb

(34) 110 V

(35) 155.6 V, 14.14 A

(36) (a) 2200 W, (b) 0 and 4400 W

(37) (a) Step-down, (b) 0.12, 8.3

(38) 46

(39) (a) Step-down, (b) 2.7

(40) Req = (NP/NS)
2 R

(41) (a) 55.6 kV, (b) 88.96 MW, 10.1%

(42) 5 × 10−9 N down

(43) 10−9 N up

(44) 6.283 × 10−6 N/C

(45) (a) πr2dB/dt, r < R, (b) 1
2 rdB/dt, r < R, (c) 1

2 (R2/r)dB/dt, r < R, (d) πr2dB/

dt, r < R, (e) πR2dB/dt, r = R, πR2dB/dt, r > R
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(1) 1.5 V

(2) 1 H

(3) 25 mH

(4) 12.57 mH

(5) 892 turns

(6) 23 turns

(7) (a) 157.1 mH, (b) 10.2 V

(8) (a) 10 V, (b) 8 mH, (C) 0.1 J

(9) (a) 63.33 cm, (b) 795.8 m, (c) 68.1 �

(10) (a) (3/10) H (when in series), (b) (2/30) H (when in parallel)

(11) 2.5 mH

(12) 1.2 V

(13) 20 mH

(14) (a) 105.6 mH, (b) 26.39 V

(15) (a) 17.5 mH, (b) 1 mH, (c) −0.25 V

(16) Leq = L1 + L2 + Ms, Leq = (L1L2 − Mp)/(L1 + L2 − 2Mp)

(17) (a) 1.592 × 104 J/m3, (b) 318 mJ

(18) 112.5 mJ

(19) 9.43 μ J

(20) (a) uB 
 1.6 × 106 J/m3, uE 
 4.4 × 10−4 J/m3, (b) E = 6 × 108 N/C =200

Ebreakdown

(21) 320 V

(22) 174.5 μ J

(24) (a) 2.25 H, (b) 180 mJ, (c) 1.2 T, (d) 3819 A/m, (e) 573 kJ/m3

(25) (a) 0.11 τ, (b) 0.69 τ, (c) 2.3 τ

(26) (a) 2.15 s, (b) 4 A

(27) 20 μs, (b) 92.1 μs, (c) 6 mA

(28) (a) 2.49 s, (b) 20.1 �

(29) (a) 300, (b) 16 �, 80 m H

(30) (a) εL(t)= −ε exp(−t/τ), (b) Poutput(t)= (ε2/R)[1 − exp(−t/τ)],(c) Pdiss(t)=
(ε2/R)[1 − exp(−t/τ)]2, (d) dUB(t)/dt = (ε2/R)[1 − exp(−t/τ)]exp(−t/τ),

(e) −0.368 ε, 0.632 (ε2/R), 0.3996 (ε2/R), 0.2326 (ε2/R)

(31) (a) I1 = I2 = 1.2A, I3 = 0, (b) I1 = 2 A, I2 = 2/3 A, I3 = 4/3 A, (c) I1 = 0,

I2 = −2.25A, I3 = −2.25A, (d) I1 = I2 = I3 = 0
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(32) (a) εL(t)= +(9V )exp(−[10−5 s−1]t), (b) 9 V, 0

(33) 12.7 μH

(34) (a) 79.6 Hz, (b) 0.2A, (c) (0.2 A) sin[(500 s−1)t] (d) 10−2 J

(35) 1.59 mH, 15.92 μF

(36) (a) 0.35 nF, (b) 75.1 μH

(37) 0.5 A

(38) Yes, the circuit oscillates with frequency 2236 Hz

(39) (a) Rc = 2 �, and the circuit will oscillate since R < Rc, (b) 95.5 Hz

(c) 5.236 ms, 1.5 %, (d) 1.73 �

(40) 8.163 × 10−3 �

(41) 0.248 H, 25.6 nF

(42) (a) 311 V, (b) v = (311 V) sin(100 π t)

(43) (a) 110 V, (b) 5.5 A, (c) 50 cycle/s

(44) (a) 110 A, (b) 0.58 A

(45) (a) zero, (b) 82.9 mA

(46) 10 �, 22 A

(47) 2.21 kHz

(48) (a) 4.375 k�, (b) 5.029 × 10−2 A, (c) −46.7◦ (The current leads the source

voltage by 46.7◦), (d) 7.587 W, (e) 150.9 V, 160.08 V

(49) (a) 50 Hz, (b) The voltages across the resistor and across the capacitor are not

in phase, the rms voltage across the source will not be the sum of their rms

voltages

(50) (a) 10 �, (b) 11 A, (c) 88 V, 99 V, 33 V

(51) (a) 23.9 mH, 884 μF, (b) 0.8, (c) 968 W

(52) (a) 37.7 �, 4.1 �, 48.5 �, (b) 2.267 A, 3.206 A, (c) 112.2 V, 120.9 V, 13.1 V, vR

= (112.2 V) sin(377 t), vL = (120.9 V) sin (377 t + π/2), vC = (13.1 V) sin

(377 t − π/2), 79.3 V, 85.5 V, 9.3V, (d) 43.8◦, 179.9 W

(54) (a) 2.639 nF, (b) 37.5 mA

(55) (a) 1508 �, 1508 �, (b) 5.63 W

(56) (a) 456.4 rad/s, (b) 73.03 �, 73.03 �, 20 � (c) 0, 12.5 A, (d) 250 V, 913 V,

913 V
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A
Absolute pressure, 320
Absolute zero, 357
Acceleration due to gravity, 14
Acceleration, 48
Acceleration-time graph, 52
Acoustic interferometer, 533
Action-reaction pair, 105
Adding vectors, 25
Addition of vectors, 19
Adiabatic process, 397
Air columns of one closed end, 544
Air film, 613
Air-filled capacitor, 773
Alternating current, 942
Alternating current (ac) generator, 941
Ammonia molecule, 222
Ampere, 642, 810
Ampere’s law, 897
Ampere–Maxwell law, 901
Amplitude

of the oscillations, 145
of the wave, 466

Analyzer, 625
Angle of deviation, 572
Angular

acceleration, 230
acceleration vector, 233
dispersion, 572
displacement, 228
frequency, 452
impulse formula, 295
position, 228
quantities, 228
vectors, 233
velocity, 229
wave number, 467

Angular momentum, 269, 907
of a particle, 269
of a rotating rigid body, 271
of a system of particles, 271

Angular-velocity vector, 233
Antinodes, 479
Applications of ampere’s law, 898
Archimedes’ principle, 323
Armature, 940
Asteroid, 299
Astronomical unit, 12, 13
Atmospheric pressure, 319
Atomic

clock, 6
mass units, 8

Atwood machine, 274
Audible

range, 499
waves, 499

Average
acceleration, 48
angular acceleration, 230
angular speed, 229
current, 810
density, 305
power, 166
pressure, 314
speed, 42, 62
translational energy per molecule, 431
translational kinetic energy per molecule,

431
velocity, 42

Avogadro’s number, 14, 365
Axis of symmetry, 285

B
Back emf, 961
Ballistic pendulum, 199
Beat frequency, 552
Beating, 549
Beats, 550
Bernoulli’s equation, 335
Biot-savart law, 889
Bohr magneton, 906

H. A. Radi and J. O. Rasmussen, Principles of Physics,
Undergraduate Lecture Notes in Physics, DOI: 10.1007/978-3-642-23026-4,
� Springer-Verlag Berlin Heidelberg 2013
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B (cont.)
Bohr model of the hydrogen atom, 656
Boltzmann’s constant, 441
Breakdown potential difference, 785
Bright band, 604
British thermal unit (BTU), 380
Bubble, 376
Bulk modulus, 306, 312
Buoyant forces, 323

C
Calculating capacitance, 775
Calorie, 379
Canonical pendulum, 290
Capacitance, 774
Capacitive reactance, 982
Capacitor, 773

in a parallel, 790
in a series, 792
in an ac circuit, 980
in combination, 773

Capacitor and capacitance, 773
Capacitors and dielectrics, 773
Capacitors with dielectrics, 781
Cargo module, 215
Cathode ray tube, 54
Celsius

scale, 358
temperature, 358

Center of mass, 181
Centimeter-gram-second, 104
Centripetal acceleration, 88
Cesium atomic clock, 7
Cesium clock, 7
Chain-link conversion, 5
Change of phase due to reflection, 611
Characteristic frequency, 7
Charge and mass of the

electron, 644
proton, 644
neutron, 644

Charge carrier, 810
Charged

ring, 695
rod, 672

Charge-field system, 732
Charging

a capacitor, 838
a conductor by induction, 640
a conductor by rubbing, 640
an insulator by induction, 641
conductors, 639
current, 841

Chromatic dispersion, 571
Circuits with an ac source, 977
Classical model of a hydrogen atom, 904
Coaxial shell, 777
Coefficient

of kinetic friction, 108
of linear expansion, 361
of static friction, 108
of viscosity, 341
of volume expansion, 362
of friction, 110

Coherent, 603
Cold-welding, 109
Collisions, 187
Color-coding for resistors, 818
Combination of thin lenses, 590
Compact disk, 235
Completely inelastic collision, 194
Compressed spring, 145
Compressions, 502
Concave mirror, 577, 578
Conduction, 406
Conduction electrons, 810
Conductors in electrostatic equilibrium, 717
Conservation

of angular momentum, 269
of energy, 137, 163
of linear momentum, 181
of mechanical energy, 157

Conservative Forces, 151
Constant

acceleration, 52
angular acceleration, 232
speed (v), 11

Constructive interference, 532
Constructively, 612
Continuous charge distribution, 670
Convection, 406
Conventional positive charge carriers, 825
Converging lens, 586
Convex mirror, 577
Copper loop, 946
Coulomb, 642, 660
Coulomb constant, 642
Coulomb’s Law, 642
Critical angle, 568
Critical point, 443
Critical temperature, 443
Critically damped, 976
Cross product, 29
Crystalline solid, 360
Curie’s law, 913
Current, 809

density, 812
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elements, 890
Cyclic process, 396
Cylindrical

Capacitor, 776
heat flow, 413

D
Damped, 462
Damped simple harmonic motion, 462
Damping constant, 491
Dark band, 604
Decays radioactively, 213
Decibel, 511
Decibel scale, 508
Degrees of freedom, 439
Description of dielectrics, 783
Destructive interference, 532
Destructively, 612
Diamagnetic

loop, 931
materials, 911

Diamagnetism, 910
Diatomic ideal-gas, 439
Dielectric, 781

constant, 781
strength, 785

Differential
current element, 889
magnetic field vector, 890

Diffraction, 615
grating, 620
of light, 604

Dimensional analysis, 9
Dimensionless constant, 108
Direct current (dc), 809
Direct current (dc) generator, 941
Direction cosines, 36
Discharging

a capacitor, 840
current, 841

Dispersion, 571
Dispersion of white light, 572
Displacement

amplitude, 502
antinode, 542
current, 901
node, 542
vector, 17, 71

Distribution of molecular speeds, 441
Diverging

lens, 586
mirrors, 580

Domain walls, 914

Dot product, 27
Double concave lens, 589
Double convex lens, 589
Double glazing, 410
Double-slit experiment, 609
Drag

coefficient, 112
force, 111

Drift
of a free electron, 812
speed, 811

Dumbbell, 301

E
Earth’s

radius, 13
rotation, 14
equator, 12

Elastic
collision, 187
limit, 307
modulus, 306
potential energy, 155
properties of solids, 306

Elasticity
in length, 307
of shape, 310

Electric
charge, 637
charge-storing devices, 773
circuits, 809
current, 809
current density, 811
flux, 701
force, 637
generators, 940
point charge, 38
potential difference, 734
potential due to a charged conductor, 757
potential due to a charged rod, 749
potential due to a dipole, 745
potential due to a point charge, 741
potential due to a uniformly charged arc,

752
potential due to a uniformly charged disk,

754
potential due to a uniformly charged ring,

753
field, 659
potential, 731
potential energy, 731, 742
power, 823
resistance, 814
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E (cont.)
Electric dipole, 664

in an external electric field, 747
dipole moment, 746

Electric field, 659
along the dipole axis, 667
field lines, 684
of a point charge, 660
of an electric dipole, 666

Electrical
breakdown, 785
force, 642
resistance, 815

Electrically
charged, 637
polarized, 641

Electrified, 637
Electromagnet, 919
Electromagnetic disturbance, 949
Electromagnetic wave (EMW), 561, 947, 949
Electromotive force, 825
Electron-volt, 735
Electrostatic precipitators, 761
Energy converter, 825
Energy, 137

density, 796
levels, 7
of the simple harmonic oscillator, 459
stored in a charged capacitor, 795
stored in an inductor, 966

Energy power and intensity of sound waves,
505

Equality of vectors, 19
Equation of continuity, 330
Equation of state, 365
Equilibrium position, 145
Equipartition, 431
Equipotential surface, 738
Equivalent

capacitor, 790
resistor, 829

Expansions, 502
Extended object, 200
External forces, 199

F
Fahrenheit scale, 358
Farad, 774
Faraday’s law of induction, 933
Ferromagnetic materials, 914
Ferromagnetism, 914
Fiber optics, 569
First harmonic, 483

First law of thermodynamics, 379, 395
Flat refracting surfaces, 584
Fluid dynamics (hydrodynamics), 314, 328
Fluid statics (hydrostatics), 314
Fluids, 303
Focal length, 577
Force, 103

constant, 144
of friction, 108
of tension, 110

Force-time graph, 213
Formation

of images by reflection, 575
of images by refraction, 583

Fraunhofer diffraction, 616
Free fall, 57
Free-body diagram, 107
Free-expansion process, 398
Free-fall acceleration, 57
Frequency, 465
Fresnel diffraction, 616
Frictionless, 108, 130
Fringe order number, 606
Fringes, 604
Fundamental frequency, 484

G
Gas constant, 366
Gases, 303
Gauge pressure, 320
Gauss’s law, 701, 705
Gauss’s law for magnetism, 903
Gaussian surface, 705
Geometrical optics, 561
Gravitational

attraction, 106
force of attraction, 646
potential energy, 154

Greatest possible displacements, 538
Group of particles, 200
Gyroscope, 285

H
Hard ferromagnetic material, 917
Harmonic

motion, 451
waves, 466

Hearing response to intensity and frequency,
514

Heat, 379
capacity, 380
transfer, 406
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transfer at a steady state, 412
Heat and work, 390
Helium-filled, 327
Helmholtz coils, 924
Henry, 963
High-voltage capacitors, 786
Hockey puck, 217
Home insulation, 412
Hooke’s law, 144
Horizontal

motion, 80
range, 81

Horsepower, 166
Human auditory system, 526
Huygens’ principle, 616
Hydrogen atom, 100
Hysteresis, 916
Hysteresis loop, 917

I
Iceberg, 326
Ice-skater, 210, 418
Ideal

battery, 825
emf, 826
fluid, 328, 334
gas, 365
gas model, 365
string, 464

Idealized adiabatic process, 397
Image, 575
Impedance, 985
Impulse, 182
Impulse-momentum theorem, 182
In phase, 532, 978
Incident pulse, 481
Incoherent, 603
Incompressible flow, 328
Index of refraction, 564
Induced

current, 933
electric dipole moments, 784
electric field, 784, 945
emf, 933

Inductive reactance, 982
Inductors, 963
Inductors in an ac circuit, 979
Inelastic collisions, 187, 194
Inertial

frames, 104
reference frames, 104

Infinite
plane sheet, 709

rod, 724
sheet of charge, 677

Infrasonic waves, 499
Instantaneous

acceleration, 49
angular acceleration, 230
angular velocity, 229, 253
current, 810
power, 167
velocity, 44

Insulators, 640
Intensity, 508
Intensity of single-slit diffraction patterns, 618
Interference, 531

in time, 549
of light, 603
pattern, 604

Internal energy, 379
of a diatomic ideal gas, 439
of a monatomic ideal gas, 433
of an ideal gas, 433

Internal forces, 199
International system of units, 3
Intrinsic

angular momentum, 907
magnetic-dipole moments, 908

Intrinsic-spin magnetic dipole moment, 907
Inverse square law, 508
Ionization breakdown of air, 762
Irreversible

domains, 915
magnetization, 915

Irrotational flow, 322
Isobaric process, 398
Isolated

conductor, 707
sphere, 779
system, 396, 397

Isothermal, 400
Isothermal expansion, 401
Isotropic solid, 363
Isotropically, 562
Iso-volumetric, 399

J
Joule, 380
Junction rule, 834

K
Kelvin scale, 357
Kilowatt-hour, 166
Kinematics, 41
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K (cont.)
Kinetic energy, 148
Kinetic friction, 108
Kirchhoff’s two rules, 809

L
Laminar flow, 340
Large-charge storage capacitors, 786
Latent heat, 385

of condensation, 385
of fusion, 385
of solidification, 385
of vaporization, 385

Lateral magnification, 576
Law

of conservation of energy, 166
of heat conduction, 407
of inertia, 104
of reflection, 564
of refraction, 564

Lens-makers’ equation, 587
Lenz’s law, 933
Lever arm, 238
Light

bulb, 850
intensity, 605
rays, 561

Linear
expansion, 361
material, 816
momentum, 181
wave equation, 476

Liquids, 303
Liquid state, 442
Locomotive, 213
Longitudinal

sound pulse, 500
waves, 463, 499

Loop rule, 834
Loops in the string, 484
Low-voltage capacitors, 785
L-C circuit, 971
L-R circuit, 967
L-R-C circuit, 974
L-R-C series in an ac circuit, 984

M
Mach

cone, 521
number, 522

Macroscopi parameters, 427
Macroscopic behavior of the ideal gas, 431

Magnetic
circuit breakers, 920
dipole moment, 904
domains, 914
flux, 903
force between two parallel currents, 895
hysteresis, 917
materials, 908
permeability, 911
properties, 908
quantum number, 907
susceptibility, 911

Magnetic field
at the center of a circular wire loop, 891
due to a curved wire segment, 891
inside and outside a long straight wire, 898
of a solenoid, 899
of a toroid, 899
on the axis of a circular wire loop, 892
on the extension of a straight wire, 890

Magnetization
curve, 916
vector, 909

Malus’s law, 625
Mass

density, 304
flow rate, 330

Massless, 110
Matter waves, 463
Maximum height, 81
Maxwell’s equations, 947
Maxwell-Boltzmann distribution, 441
Measuring pressures, 319
Mechanical

energy, 460
model, 360

Mechanics, 41
Megaparsec, 13
Mercury barometer, 319
Metric system, 3
Microscopic model, 427
Millimeter of mercury, 315
Molar mass, 366
Molar specific heat

at constant pressure, 434, 436
at constant volume, 434, 435
capacity of an ideal gas, 434

Molecular model
Moment, 238

arm, 238
of inertia, 241

Momentum, 181
Monatomic

gases, 437
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ideal gas, 433
Monochromatic light, 573
Moon’s

orbit, 13
radius, 13

Most probable speed, 441
Motion

in one dimension, 41
in two dimensions, 71
of charged particles, 686

Motional emf, 936
Moving

observer, 515
source, 517

Multiplying vectors, 27
Mutual inductance, 964

N
Negative

of a vector, 20
terminal, 825

Net
flux, 704
force, 103

Newton, 3, 660
Newton’s

first law, 104
gravitational law, 642
law of gravity, 731
law of universal gravitation, 643
rings, 613
second law for rotation, 240
second law, 104
third law, 105

Newton’s law, 15
Niels bohr, 646
Nodes, 478
Non-conducting rod, 675
Non-conductive semicircular arc, 695
Nonconductors, 640
Non-conservative forces, 151
Non-ideal gas, 442
Non-linear material, 816
Non-ohmic, 816
Non-radiating lc circuit, 971
Non-stretchable, 120
Non-uniform

circular motion, 91
velocity gradient, 341

Non-viscous flow, 328
Normal

force, 107
modes, 482

North pole, 12
Number

of beats per second, 552
of kilomoles, 366

O
Ohm, 816
Ohm’s law, 814
Ohmic material, 816
One

kilogram, 8
kilomole, 365
meter, 6
mole, 365
second, 7

One-dimensional analysis, 142
One-dimensional wave, 494
Open-tube manometer, 320
Optical fibers, 568, 569
Orbital

angular momentum, 905
magnetic, 905
magnetic dipole moments of atoms, 904
quantum number, 905

Orientation potential energy, 906
Origin

of magnetism, 904
of magnetic field, 889

Oscillating
circuit, 971
L-C Circuit, 971

Oscillation frequency, 7
Out of phase, 533
Overdamped, 533, 976
Oxygen

atom, 220
nucleus, 221

P
Parabolic

path, 200
trajectory, 80

Parallel-axis theorem, 243
Parallelepiped, 37
Parallelogram, 37
Parallel-plate capacitor, 773, 775
Paramagnetic materials, 913
Paramagnetism, 910
Paraxial rays, 578
Parent atomic nucleus, 213
Particles, 561
Pascal, 315
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P (cont.)
Pascal’s

law, 318
principle, 318

Path
difference, 605
length, 534

Peak
current out of phase, 980
voltage, 980

Pendulum bob, 175
Period

of revolution, 88
of the motion, 452

Periodic
motion, 451
sound waves, 502

Permanent electric dipole moments, 783
Permeability of free space, 889
Permittivity constant, 643
Phase, 466

angle, 452
change, 384
constant, 452
transition, 384

Phases of matter, 442
Phase-shifted sine, 979
Phasor diagram, 985
Photons, 561
Physical optics, 561, 603
Planck’s constant, 905
Plane mirror, 575
Plane of polarization, 624
Plane wave of light, 563
Plane-polarized light, 626
Point-like object, 41
Poise, 341
Poiseuille, 341
Poisson’s ratio, 309
Polar dielectrics, 783
Polarization of light, 624
Polarized, 624
Polarized light, 625
Polarizer, 625
Polarizing sheet, 625
Polluted air, 761
Position vector, 71
Positiontime graph, 42
Positive terminal, 825
Potential difference, 734

due to a uniformly charged sphere, 756
energy, 151
gradient, 758

Potential, 733

Power, 137
factor, 986
in rotational motion, 251
plant, 958

Poynting vector, 38
Prefixes for si units, 4
Pressure

antinode, 542
in fluids, 314
node, 542
variation amplitude, 503
variation, 524

Primary coil, 944
Principal axis, 577
Principle of conservation of mechanical

energy, 159
Prisms, 571
Projectile motion, 79
Proper fundamental frequency, 553
Properties of vectors, 19
Pulley, 128
Pure rotational motion, 253
Pyramid, 222

Q
Quantization, 907
Quantization rules, 905
Quantum number, 905
Quasistatically, 391

R
Radial acceleration, 88
Radian measures, 227
Radiation, 406
Radio and TV sets, 988
Railroad, 214
Random zigzag motion, 812
Randomly-oriented orbital magnetic dipole

moments of atoms, 907
Rarefactions, 502
Rate of energy (or power) transferred by the

wave through the string, 474
Rate of shear strain, 341
Ray diagrams for thin lenses, 588
RC circuit, 838
Reactance and phasors in an ac circuit, 982
Real batteries, 826
Real focal point, 577
Recoil freely, 186
Reference

configuration, 732
potential energy, 732
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Reflected, 563
Reflected interference fringes, 620
Reflection

at a boundary, 481
gratings, 620

Refracted, 563
Refraction of light, 563
Relating angular and linear quantities, 233
Relative

density, 305
permeability of the material, 911

Relaxed spring, 144
Resistance, 823
Resistance-free, 971
Resistivity, 814
Resistors

in a parallel combination, 831
in an ac circuit, 978
in series, 829

Resolving power, 622
Resonance, 482, 988
Resonance in L-R-C series circuit, 988
Resonant frequencies, 482
Restoring force, 144
Resultant force, 103
Right-hand rule, 29
Right-handed coordinate, 36
Right-handed screw, 30
Rigid body, 233
Rms (root mean square), 444
Rms speeds, 432
Rocket propulsion, 205
Roller-coaster, 179
Rolling

as pure rotation, 253
as rotation and translation combined, 252
motion, 252
with friction, 255

Rotational
dynamics, 227
kinematics, 227
kinetic energy, 248
motion, 227

S
Safest resistance, 850
Satellite, 89
Scalar product, 27
Scatterers, 811
Scientific notation, 3
Second

harmonic, 483
standard mass, 8

Secondary
coil, 944
wave, 616

Seismic waves, 463
Self-induced emf, 961
Self-inductance, 961, 963
Self-induction, 961
Shear modulus, 306, 311
Shearing

strain, 310
stress, 310

Shock wave, 521
Simple harmonic motion, 451, 456
Simple pendulum, 14
Single slit, 616
Sinusoidal

function, 550
voltage, 977
waves, 463

Siphon, 352
Sliding, 255
Slip-rings, 941
Smallest unit charge in nature, 644
Snell’s law, 568
Soft ferromagnetic material, 917
Solar eclipse, 13, 14
Sonar (sound navigation and ranging), 519
Sonic boom, 522
Sound

energy, 534
level, 511
waves, 499

Source of electromotive force, 825
Spaceship, 215
Spatial interference, 533, 549
Specific heat, 380
Speed

of a particle, 46
of light, 6, 949
sound waves, 499
waves on strings, 470

Spherical
aberration, 578
capacitor, 777
mirrors, 576
refracting surfaces, 583
waves, 508

Spin, 907
magnetic dipole moments of electrons, 907
quantum number, 907

Spinning top, 285
Spin-projection, 907
Split-ring commutator, 941
Spring constant, 144
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S (cont.)
Standard

kilogram, 8
of time, 6
temperature and pressure, 444

Standing
sound waves in air columns, 541
sound waves, 478, 537
wave, 478
waves and resonance, 482

Standing-wave patterns, 480, 539
Static friction, 108
Stationary

observer, 517
source, 515

Steady flow, 328
Steady-state electric circuits, 809
Step-down transformer, 944
Step-up transformer, 944
Stereo amplifier, 526

formula, 342
law, 342

Strain, 306
Stream tube, 329
Streamline, 328
Strength, 910
Stress, 306
Stretched spring, 145
String waves, 470
Strongly transmitted, 612
Submarines, 520
Sun’s radius, 13
Superposition, 531

of sound waves, 531
principle, 478

Supersonic Speeds, 521
Surrounding

a thin straight wire, 891
a very long straight wire, 891

Symmetry axis, 577
System

of point charges, 741
of decreasing mass, 205
of increasing mass, 203

T
Tangential

acceleration, 90
speed, 90
velocity, 234

Temperature, 357
Temperature coefficient of resistivity, 817
Temporal interference, 549

Tensile
strain, 307
stress, 307

Terminal speed, 112
The doppler effect, 514
The force law for SHM, 455
The mechanical equivalent of heat, 379
The mirror equation, 578
The thin lens equation, 586
The van de graaff generator, 762
Thermal

conductivity, 407
energy, 379
expansion, 360

Thermal conduction, 406
in one dimension (plain walls), 406
in two dimensions, 413

Thermodynamic, 390
path, 394
process, 390, 395

Thin
films, 611
lenses, 586
spherical shell, 716

Thin-lens equation, 588
Third harmonic, 483
Three-dimensional analysis, 147
Three-dimensional array, 314
Threshold

of hearing, 505, 514
of pain, 505, 511

Thrust, 207
Time constant, 840, 968
Time of flight, 83
Torque, 227
Torr, 315
Torricelli’s law, 337
Torsional shear, 310
Total

energy, 460
internal reflection, 568
linear momentum, 185
magnetic field, 909
translational energy, 431

Trajectory, 79
Transfer of energy, 379
Transformer, 943
Transformer equation, 944
Translational motion, 200
Transmission

gratings, 620
line, 958

Transmitted
beam, 626
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interference fringes, 620
Transverse

motion, 464
wave, 464

Trapezoid, 143
Triple point of water, 357
Tube of flow, 329
Tuning fork, 545
Types

of capacitors, 785
of deformations, 306

U
Ultracentrifuge, 101
Ultrasonic waves, 499
Undamped,

frequency, 491
circuit, 976

Uniform
acceleration, 15
circular motion, 87, 91
electricfield, 686
magnetic field, 38

Uniformly
charged arc, 679
charged disk, 682
charged ring, 681

Unit
of measurement, 3
of time, 7
vectors, 22

Units of
length, 5
time, 5
mass, 3, 5

Universal gravitation, 15
Unpolarized, 624
Unpolarized light, 625

V
Variable capacitors, 786
Variation

of pressure with depth, 316
of resistance with temperature, 816

Vector
components, 22
product, 29

Vectors and scalars, 17
Velocity and acceleration of SHM, 452
Velocity-time graph, 52
Verge of slipping, 108

Vertical motion, 80
Vibrational motion, 199, 438
Virtual

focal point, 577
image, 576

Viscosity, 340
Visible spectrum, 615
Volt, 734
Volume

expansion, 362
flow rate, 331
of 1 kmol, 367
strain, 312
stress, 312

W
Water molecule, 14
Watt, 166
Wave

crest, 515
front, 515
length, 465
number, 467
optics, 603
pattern, 539
velocity, 466

Weight, 106
Work done

by a constant force, 137
by a spring, 144
by a variable force, 142
by a weight, 138
by friction, 140
by non-conservative forces, 162
by the applied force, 171
by weight, 171
in rotational motion, 250

Work, 137
Work-energy, 137
Work-energy principle for rotational

motion, 251
Work-energy-theorem, 137

Y
Young’s double slit experiment, 604
Young’s modulus, 306

Z
Zero amplitudes, 538
Zero internal resistance, 825
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