8. The given Cartesian coordinates are x =-3.00, and y =12.00, with the least accurate containing 3
significant figures. Note that the specified point (with x <0 and y > 0) is in the second quadrant.
The conversion to polar coordinates is then given by:

r=1Jx* 4% =/(-5.00)" +(12.00)* =13.0

(anﬂzl:%:—lém and O=tan" (—2.40)=—67.3°+180°=113°
X —J.

Note that 180° was added in the last step to yield a second quadrant angle. The correct answer is
therefore (b) (13.0, 113°).

b Akl el Lol Jia (1) sqasthddl .x = —5,00 &y = 12,00 : V) saill o Jadd ddaiil 45,0l cillaay)
agina o8] 4D, dagl) (he! Auladll cldlaay) ) 4Kl clilay) e JEY) (2) @Sl clilay)

:Jad
r =/(=5,00)2 + (12,00)2 = 13,0
y 12,00 1
tanf = . = ~5 00 =-2,40 & 6 =tan™"(—-2,40) = —67,3° + 180° = 113°
S Al e peaall 1800 A1 diln) 5 4l I la julii
11. The situation described is shown in the drawing at the
right.
From this, observe that tan 26° = , Or
m

h=(45m)tan26°=22 m

Thus, the correct answer 1s (a).

Syl g i) oz i) Caglhaall . 38all JSEN Ll (S
sdad)
tan26° = L - h = (45 m)tan26°
45m
= (45m) x 0,488 = 22 m

= EXAMPLE 13.1 | Simple Harmonic Motion on a Frictionless Surface

GOAL Calculate forces and accelerations for a horizontal spring system.

PROBLEM A 0.350-kg object attached to a spring of force constant 1.30 X 10> N/m is free to move on a frictionless hori-
zontal surface, as in Active Figure 13.1. If the object is released from rest at x = 0.100 m, find the force on itand its accelera-
tionat x = 0.100 m, x = 0.050 0 m, x =0 m, x = —0.050 0 m, and x = —0.100 m.

STRATEGY Substitute given quantities into Hooke’s law to find the forces, then calculate the accelerations with Newton’s
second law. The amplitude A is the same as the point of release from rest, x = 0.100 m.



SOLUTION

Write Hooke’s force law: F = —kx

Substitute the value for kand take x = A = 0.100 m, F = —kA= —(1.30 % 102 N/m)(0.100 m)
finding the spring force at that point: “13.0N

Solve Newton's second law for « and substitute to find the ma = F

max
acceleration at x = A: I —130N

= =— —37.1 m/s?
m 0.350 kg
Repeat the same process for the other four points, Position (m) Force (N) Acceleration (m/s?)
assemhling a table: 0.100 —13.0 _371
0.050 —6.50 —18.6
0 0 0
—0.050 +6.50 +18.6
—0.100 +13.0 +37.1

REMARKS The table above shows that when the initial position is halved, the force and acceleration are also halved. Fur-
ther, positive values of x give negative values of the force and acceleration, whereas negative values of x give positive values
of the force and acceleration. As the object moves to the left and passes the equilibrium point, the spring force becomes
positive (for negative values of x), slowing the object down.

REMARKS The table above shows that when the initial position is halved, the force and acceleration are also halved. Fur-
ther, positive values of x give negative values of the force and acceleration, whereas negative values of x give positive values
of the force and acceleration. As the object moves to the left and passes the equilibrium point, the spring force becomes
positive (for negative values of x), slowing the object down.

QUESTION 13.1 Will doubling a given displacement always result in doubling the magnitude of the spring force? Explain.

EXERCISE 13.1 For the same spring and mass system, find the force exerted by the spring and the position x when the
object’s acceleration is +9.00 m/s%

ANSWERS 3.15 N, 242 cm

L il clejlally (gall Glus g Cangll 1Yl
G 4D gl aigye LS (il dles 0,350 kg Lajlake 45
G a—se s LS ¢ al gi e o Sl (50 @ 1,30 X 102 N/m

| —— oAl alao) sllaall cx = 0,00 M )l Ly (jo ABSI aagi (5850l J 2
a HW\N\MM{W @ . :&L.ajs” e IS G poball & (e cddail) el &

When xis positive (the
spring is stretched), the
spring force is to the left.

P x =0,100m,x = 0,050 m,x = 0m,x = —0,050 m,
&x=-0,100m
‘When xis zero (the
spring is unstretched), H

the spring force is zero.

:‘9."5]\ sl e elaa (gild (iSO

F, = —kx
o ol Akl el 3 il 58 o ans ¢ 3y ded sy

N
Frx = —kA = — (1,30 X sz) (0,100m) = —13,0 N
rpobull dad o el b SBY (e gl Jaag
Frax  —130N

ma = Fnax = 0 == = = 0350 kg

m
= —37,15—2




When xis zero (the
spring is unstretched),

the spring force is zero.

When xis negative (the
spring is compressed), the

spring foree is to the right.

a !%ﬁﬁfﬂﬁﬁﬂi
.

x=0

ARSY (sl o i (agls Aladsy Aredaal) 352l
X =0 Bl lgang oo aual)

Position (m) Force (N) Acceleration (m/s?)
0.100 —15.0 —57.1
0.050 —06.50 —18.6
0 0 0
=0.050 +6.50 +18.6
—0.100 +13.0 +37.1
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0 IV K | P51
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9,005 gl
tdad)

(O F =ma o W

m
F = (0,350 kg) (9,005—2) = 315N

F, 3,15 N

F=—kx-ox=—"t=——"""" = _00242m=—-242cm

kx 2 N
1,30 x 10 m



= EXAMPLE 13.7 | Measuring the Value of g

GOAL Determine gfrom pendulum motion.

PROBLEM Using a small pendulum of length 0.171 m, a geophysicist counts 72.0 complete swings in a time of 60.0 s.
What is the value of gin this location?

STRATEGY First calculate the period of the pendulum by dividing the total time by the number of complete swings.
Solve Equation 13.15 for gand substitute values.

SOLUTION

time 60.0 s
Calculate the period by dividing the total elapsed time by T= - m_"u_ - = s 0.835 s
. N - ' # of oscillations 720
the number of complete oscillations:
i I
Solve Equation 13.15 for gand substitute values: T=127 \l,'l—' - T'=4g"=
£
477 59.5)(0.171 m) .
g= = ( I = 9.73 m/s*

= (0.855 s5)*
REMARKS Measuring such a vibration is a good way of determining the local value of the acceleration of gravity.

QUESTION 13.7 True or False: A simple pendulum of length 0.50 m has a larger frequency of vibration than a simple
pendulum of length 1.0 m.

EXERCISE 13.7 What would be the period of the 0.171-m pendulum on the Moon, where the acceleration of gravity is
1.62 m /"7

ANSWER 2.04s

s Galgi A (e Tl dpaa Y1 Agdlad) g bt dad Lt 2 Jla
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T = 60,0 s
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=0,833s
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395

yoe = 0,248 m
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" EXAMPLE 13.8 | A Traveling Wave

GOAL Obtain information about a wave directly from its graph.

PROBLEM A wave traveling in the positive x-direction is pic-
tured in Figure 18.27a. Find the amplitude, wavelength, speed,
and period of the wave if it has a frequency of 8.00 Hz. In Figure
13.27a, Ax = 40.0 cm and Ay = 15.0 cm.

STRATEGY The amplitude and wavelength can be read directly
from the figure: The maximum vertical displacement is the ampli-
tude, and the distance from one crest to the next is the wave-
length. Multiplying the wavelength by the frequency gives the
speed, whereas the period is the reciprocal of the frequency.

¥ v

|
x —

/NE N,
\J

4—_\‘x |«

L=

/

a b

C

e

Figure 13.27 (a) (Example 15.8) (b) (Exercise 15.8)

SOLUTION

The maximum wave displacement 1s the amplitude A: A=Ay=150cm = 0.150 m

The distance from crest to crest is the wavelength: A=Ax=40.0cm = 0.400m

Multiply the wavelength by the frequency to get the speed: u=fA = (8.00Hz){0400m) = 3.20m/s
; . . . . 1 1

[ake the reciprocal of the frequency to get the period: === = 0.125s

[ 8.00Hz

REMARKS It's important not to confuse the wave with the medium it travels in. A wave is energy transmitted through a

medium; some waves, such as light waves, don’t require a medium.

QUESTION 13.8 Is the frequency of a wave affected by the wave's amplitude?

EXERCISE 13.8 A wave traveling in the positive x-direction is pictured in Figure 13.27h. Find the amplitude, wave-
length, speed, and period of the wave 1f it has a frequency of 15.0 Hz. In the figure, Ax=72.0 cm and A_].' = 250 cm.

ANSWERS A =0.250m,A=0720m, v= 108 m/s, T"= 0.0667 s

) 2la) gl .(@1_“91\ 9-,;1\) @éfs\ J< ‘_;
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A=Ay =150cm = 0,150m
asd Jok
A=Ax=40,0cm = 0,400m
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v=fA1=(8,00Hz)(0,400m) = 3,2?
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T = 1 = 0,125
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A=Ax=720cm=0,720m
eyl
m
v=fA=(150Hz)(0,720m) = 10,8?
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1 1

—— = =10,0667
f (150 Hz) S



Sound and Light

GOAL Perform elementary calculations using speed, wavelength, and frequency.

PROBLEM A wave has a wavelength of 3.00 m. Calculate the frequency of the wave if it is (a) a sound wave and (b) a light
wave. Take the speed of sound as 343 m/s and the speed of light as 3.00 X 10% m/s.

SOLUTION
(a) Find the frequency of a sound wave with A = 3.00 m.
- : v 343 m/s
Solve Equation 3.17 for the frequency and substitute: (1) f=—=—F——= 114 Hz
’ A 3.00 m
(b) Find the frequency of a light wave with A = 3.00 m.
- 3.00 X 10°m/s
Substitute into Equation (1), using the speed of light for ¢ f= i = Tmm/s = 1.00 X 10* Hz

REMARKS The same equation can be used to find the frequency in each case, despite the great difference between the
physical phenomena. Notice how much larger frequencies of light waves are than frequencies of sound waves.

QUESTION 13.9 A wave in one medium encounters a new medium and enters it. Which of the following wave properties
will be affected in this process? (a) wavelength (b) frequency (c) speed

EXERCISE 13.9 (a) Find the wavelength of an electromagnetic wave with frequency 9.00 GHz = 9.00 X 10Y Hz (G =
giga = 107), which is in the microwave range. (b) Find the speed of a sound wave in an unknown fluid medium if a fre-
quency of 567 Hz has a wavelength of 2.50 m.

ANSWERS (a) 0.033 3 m (b) 1.42 X 10°m/s

(spsa9 Cigua) :Jia

33l ads i dage Ala (2) (Aiga dage Al (1) :ollad) B dasall 235 Gl igllad)l .2 = 3,00 M lelsh dase
33X 10843 m/s (gl esuall dc g ‘343? Cigeall de pus

sdal)

A =3,00m lelsh A Agseal) dagal) 355 sla) (1)

v  343m/s
=—=————=114Hz

A 3,00m
A =3,00m ledsh A dfguall dnsall 2355 alad) (2)

= 1,00 x 108 Hz

f_c_3><108m/s
A 3,00m
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e b b 29,00 GHz = 9,00 X 10° Hz (G = giga = 10%) s 8335 ) Aroslayel gl Joo 2 (1)
lelshs of =567 Hz (gbow L35 o Gl Jogne Ty (8 05 Aigam dage Aoy agl (2) $ig el dngall 35
A =250 m sl
sdald)
tiagall Joha s (1)

c 3x108m/s

A= ]—C = 900 < 10° Cliz =0,0333m = 33,3mm

Ay )Saall dagall A (se (89
Les micro-ondes, dans le contexte de la technologie, ont des longueurs d'onde qui varient
généralement entre 1 millimetre et 1 meétre. Cela correspond a des fréquences allant de 300 MHz a 300
GHz. Ces ondes se situent entre les ondes radio et les infrarouges dans le spectre électromagnétique.

A =250m sl Wshs of =567 Hz (gl 12355 A dgeall dagall dejus Giln (2)
v=fA=(567Hz)(2,50m) = 1,42 x 103 m/s

An object attached to a spring vibrates with simple har-
monic motion as described by Figure P13.42. For this
motion, find (a) the amplitude, (b) the period, (c) the
angular frequency, (d) the maximum speed, (e) the
maximum acceleration, and (f) an equation for its
position x in terms of a sine function.

x (cm)

2.00

1.00

=100

=2.00L

Figure P13.42



13.42

(a)

(b)

(c)

(d)

(e)

(f)

The amplitude is the magnitude of the maximum

displacement from equilibrium (at x =0). Thus, x (cm)
T

The period is the time for.one full cycle
of the motion. Therefore, |T = 4.00 s|.

The period may be written as T =21/,
so the angular frequency is

FIGURE P13.42

2r 2r

Q)= ———= =

T 400s

NIN

rad/s

The total energy may be expressed as E=+mv.  =+kA’. Thus, v_ = Afk/m. and

since @ = fkfm this becomes v_ = @A and yields

T
.. =0A= [-2- radfs )(2.00 cm)=

The spring exerts maximum force, |F| = k|x|. when the object is at maximum distance from
equilibrium, i.e., at |x]= A = 2.00 cm. Thus, the maximum acceleration of the object is

m m ¥4

o |
il wLﬁ:mm:(g s | (200 em) =395 e |

The general equation for position as a funcfion of time for an object undergoing simple
harmonic motion with =0 when x =0 is x= Asin(ax ). For this oscillator. this becomes

x=(2.00 cm)sin &
2

x (cm)
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4
x = (2,00 cm) sin (E t)

41. The sinusoidal wave shown in Figure P13.41 is trav-
eling in the positive x-direction and has a frequency

AVAVS
\/ ']

I
520 cm

Figure P13.41

of 18.0 Hz. Find the (a) amplitude, (b) wavelength,
(c) period, and (d) speed of the wave.

13.41 (a) The distance from the bottom of a trough to the top

_of' a crest is twice the amplitude of the wave. Thus,
2A=826cmand |[A=4.13 cm]|.
\ 8

.26 cm
(b) The horizontal distance from a crest to a
trough is a half wavelength. Hence,

5.20
) ; 20 cm
A/2=520cm and |A=10.4 cm FIGURE P13.41

(c) The period is

1=t = —=[356x10"

f 180s

(d) The wave speed is

-v=ﬂf=(10.4 em)(18.0 57" ) =[187 cm/s = 1.87 m/s|
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cm m
v =2f = (104cm)(18,05™") = 187 — = 1,87 —

m Position, Velocity, and Acceleration

as a Function of Time
When an object is moving with simple harmonic motion,
the position, velocity, and acceleration of the object as a
function of time are given by

x= Acos (27fi) [13.14a]
v= —Aw sin (2 i) [13.14h]
a = —Aw” cos (2aft) [13.14c]

AV Sl axd el Laly auall 13gd g luly e pual) caungall 8 (A A5 ASjas aun ol ABS ST Ladie
x = Acos (2nft)
v = —Awsin (2rft)
a = —Aw? cos (2nft)
w = 2nf S



= EXAMPLE 14.1 | Explosion over an Ice Sheet

GOAL Calculate time of travel for sound through various media.

PROBLEM An explosion occurs 275 m above an 867-m-thick ice sheet that lies over ocean water. If the air temperature is
—7.00°C, how long does it take the sound to reach a research vessel 1 250 m below the ice? Neglect any changes in the bulk
modulus and density with temperature and depth. (Use B, = 9.2 X 107 Pa.)

STRATEGY Calculate the speed of sound in air with Equation 14.4, and use d = vt to find the time needed for the sound
to reach the surface of the ice. Use Equation 14.1 to compute the speed of sound in ice, again finding the time with the
distance equation. Finally, use the speed of sound in salt water to find the time needed to traverse the water and then sum

the three times.

SOLUTION

Calculate the speed of sound in air at —7.00°C, which is
equivalent to 266 K:

Calculate the travel time through the air:

Compute the speed of sound in ice, using the bulk
modulus and density of ice:

478  CHAPTER 14 | Sound
Compute the travel time through the ice:

Compute the travel time through the ocean water:

Sum the three times to obtain the total time of
propagation:

Uair =

d 2756 m

e = — =

“ 7w 327m/s

= 0.841s

B [92x10°P
Ve = \ﬁ= 92XI0PL_ g0 % 10°m/s
P 917 kg/m’

(Continued)

fe= Lo BOTmM g
-  3200m/s
=4 _ 1250m _ o

e e 1533 m/s

b= Ly T b T L

water

=0.841s+ 0275+ 08l5s

REMARKS Notice that the speed of sound is highest in solid ice, second highest in liquid water, and slowest in air. The
speed of sound depends on temperature, so the answer would have to be modified if the actual temperatures of ice and the
sea water were known. AL 0°C, for example, the speed of sound in sea water falls to 1 449 m/s.

QUESTION 14.1 Is the speed of sound in rubber higher or lower than the speed of sound in aluminum? Explain.

EXERCISE 14.1 Compute the speed of sound in the following substances at 273 K: (a) lead (¥ = 1.6 X 10'" Pa), (b) mer-

cury (B = 2.8 X 10" Pa), and (c) air at —15.0°C.

ANSWERS (a) 1.2 X 10° m/s (b) 1.4 X 10° m/s (c) 322 m/s

eererenl palaall 8 glaa (i
= EXAMPLE 14.4 | Listen, but Don't Stand on the Track

GOAL Solve a Doppler shift problem when only the source is moving.

PROBLEM A train moving at a speed of 40.0 m/s sounds its whistle, which has a frequency of 5.00 X 10* Hz. Determine
the frequency heard by a stationary observer as the train approaches the observer. The ambient temperature is 24.0°C.

STRATEGY Use Equation 14.4 to get the speed of sound at the ambient temperature, then substitute values into Equation
14.12 for the Doppler shift. Because the train approaches the observer, the observed frequency will be larger. Choose the

sign of v to reflect this fact.

SOLUTION

Use Equation 14.4 to calculate the speed of sound in air

at T=24.0°C:

= (331 m/s) _r
273K

(275 + 24.0) K

= (331 m/s) = 345m/s
. . P— v+ Yo
The observer is stationary, so v, = 0. The train is Jo=f —
moving teward the observer, so vg = +40.0 m/s (positive). voUs
Substi se values E E i 5 345 m /s
Substitute [-hei.e \ah:lei. and the speed of sound into the ~ (5.00 % 10° Hz) m/s
Doppler shift equation: 345m/s — 40.0 m/s
= 566 Hz
REMARKS If the train were going away from the observer, vg = —40.0 m/s would have been chosen instead.

QUESTION 14.4 Does the Doppler shift change due to temperature variations? If so, why? For typical daily variations
in temperature in a moderate climate, would any change in the Doppler shift be best characterized as (a) nonexistent,

(b) small, or (c) large?

EXERCISE 14.4 Determine the frequency heard by the stationary observer as the train recedes from the observer.

ANSWER 448 Hz
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[ EXAMPLE 14.5 | The Noisy Siren

GOAL Solve a Doppler shift problem when both the source and observer are moving.

PROBLEM An ambulance travels down a highway at a speed of 75.0 mi/h, its siren emitting sound at a frequency of
4.00 X 10* Hz. What frequency is heard by a passenger in a car traveling at 55.0 mi/h in the opposite direction as the car
and ambulance (a) approach each other and (b) pass and move away from each other? Take the speed of sound in air to be
v=345m/s.

STRATEGY Aside from converting mi/h to m/s, this problem only requires substitution into the Doppler formula, but
two signs must be chosen correctly in each part. In part (a) the observer moves toward the source and the source moves
toward the observer, so both Uy and g should be chosen to be positive. Switch signs after they pass each other.



SOLUTION 0.447 m/s
= §
Convert the speeds from mi/h to m/s: vg= (75.0 mi/h) (m)

0.447 m/s
1.00 mi/h

= 335 m/s
vy = (55.0mi/h) ( = 24.6m/s

(a) Compute the observed frequency as the ambulance
and car approach each other.

v+ v
Each vehicle goes toward the other, so substitute fo=Ff (7”)
) — i
v, = +24.6 m/s and vy = +33.5 m/s into the Doppler : Us
shift formula: o 345 m/s + 24.6 m/s
= (400 X 10°Hz) | =—————————| = 475 Hz
( ) (345 m/s — 33.5m/s

(b) Compute the observed frequency as the ambulance
and car recede from each other.

) U+ v
Each vehicle goes away from the other, so substitute Jo= f\(?'_—vo)
v, = —24.6 m/s and v = —33.5 m/s into the Doppler ) s
shift formula: = (4.00 % 102 Hz) ( 345 m/s + (—24.6 m/s)
' 345 m/s — (—33.5m/s)
= 339Hz

REMARKS Notice how the signs were handled. In part (b) the negative signs were required on the speeds because both
observer and source were moving away from each other. Sometimes, of course, one of the speeds is negative and the other

is positive.
QUESTION 14.5 Is the Doppler shift affected by sound intensity level?

EXERCISE 14.5 Repeat this problem, but assume the ambulance and car are going the same direction, with the ambu-
lance initially behind the car. The speeds and the frequency of the siren are the same as in the example. Find the fre-
quency heard by the observer in the car (a) before and (b) after the ambulance passes the car. Note: The highway patrol
subsequently gives the driver of the car a ticket for not pulling over for an emergency vehicle!

ANSWERS (a) 411 Hz (b) 391 Hz
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v + v, 3455 + (-24,6%)
fo= fs( ) = (4,00 X 10? Hz) - —< | =339 Hz
v = Vs 3457 — (-33,5%)
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Le décalage Doppler est-il affecté par le niveau d’intensité sonore ?
Is the Doppler shift affected by sound intensity level?

Non, le décalage Doppler, qui est la variation de fréquence d'une onde due au mouvement relatif
entre la source et I'observateur, n'est pas affecté par le niveau d'intensité sonore. Le décalage
Doppler dépend uniquement de la vitesse relative de la source et de 1'observateur, ainsi que de la
vitesse de propagation de 1'onde.
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