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1. Asine curve that represents a transverse wave is drawn below. With a ruler, measure the wave
1 -~ ¥ - , 3 i
length and amplitude of the

€ wave
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2. AXidon a plavground swing makes a complete to-angd-fro
ne
)

)
A\
swing each £ seconds. The frequency of swing is

e

).5 hertz) (1 hertz) {2 hertz)

and the period is I

(0.5second) (1seccnd) (2seconds) ~
R

3. Complete the statements.

A MARINE WEATHER STATION REPORTS
WAVES ALONG THE SHORE THAT ARe
8 SECONDS APART. THE FREQUENCY
OF THE WAVES 1S THEREFORE

ils HERTZ.

THE PERIOD OF A
440-HERTZ SOUND
WAVE |5,_Q’3_L SECOND.

{

4. The annoying sound from a mosquito is produced when it beats its wings at the average
rate of 600 wingbeats per second.

a. What is the frequency of the soundwaves?

Ll 2

b. What is the wavelength? (Assume the speed of sound is 340 m/s.)

(>,§7. )
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10. The changéd pitch of the Doppler effect is due to changes in
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“listener, the sound of its horn seems .

. H yog At X' !
; v : v ha n';mdg‘l“l'*  al
A pitching machine goes haywl

is an incredible 300 m/s.

\ " " ! . at ) een tne ‘1.:1; L
a. What is the distance in the air between t}
h ;t,‘ ,? {1 (

b. What happens to the distance between el

LT 2 A
- S4B RS & N

N y PRI 2w cocond. The speel
Constder a wave generator that produces 10 pulses per seco 1d }

JO0 e/ s
a. What ts the wavelength of the waves?

b. What happens to the wavelength if the frequency of pulses is increased?

Q‘\ ¥ ¢« " A

The bird at the right watches the waves. If the portion of a wave between two crests passes the pole
each second, what is the speed of the wave?

A

OSSN V- i

What is its period?

\ S 14—- 1m —H?

' 8
t

If the distance between crests in the
above question was 1.5 meters, and
two crests pass the pole each second,
what would be the speed of the wave?
b5 al8

2

What would be its period?
¢ ,

When an automobile moves toward a

relatively .
(low pitched) (normal)

(high pitched) >
and when moving away from the listener,
its horn seems

ow pitch (normal)

“(high pitchied)

"(wave speed) {(wave frequer@\
S~

Chapter 25 Vibrations and Waves ©Addison-Wesley Publishing Company, Ine 411 rigt

128 yéseaTvag]



e ma rrre e ————— e L

3 SO—

- = 4
Name

.‘“-l:g.':f‘
B R S A T 823

, . = : Cum t‘pt-b(ﬂli‘io;}uu*vt By "
Sound i Practice Page | S NET

1. Two maios

classes of waves are |/

long:inl

g A

ngitudinal
(‘h‘“":jl'\?ih'].'{g\_

: (transveise)
b 2. The frequency of a sou "
vibrations occur. A high-f :
“ '\\d\_ z\ n 1' \\ ‘\";».(-.‘4\ .
3 f
$ ;
3 -
# 3. Thesketchbelow shows a snap shot of the compressions and rarefactions of the airin a tube as :
the sound moves toward the right. The dots represent molecules. Wwith a ruler the wavelength of :

] ) () ¥ ’
3 he sound wave ismeasuredtobe _¢ (2  cm. ;
& f AN :

/

4. Compared to the wavelengths of high-pitched sounds, the wavelengths of low-pitched
sounds a.re

(long), {short) . '

5. Suppose you set your watch by the sound of the noon whistle from a factory 3 kan away.

2l
Z
7

Y,

a. Cg to the correct time, your watch will be
ehind) dhead)

b. ‘Itwﬂl ciiffer from the correct ti
(3 seconds) (6 seconds) { (9 seconds)
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6. SO‘IY_ll,iWaves travel fastest in
AL . 2
¢ (solids) ' (liquids) (gases) 3
(..same speed in each) . { ;§
Y. i 34
A o
7R
[/ T A %
7. Ifthe child’s natural fre juency of swinging is on wch aan | :
l 45(:,‘(0“(*5, f‘(\[ IRAXIINUI ¢ My } ( ’/\ 1 l.
at a rate of once each — ; J - .
. . ‘ , 1/ Jd i
Lo seconds)/ (4 seconds) (B seconds) Ko O it
8
; |
‘ f
i 8. If the man in Question ? pushes in the same direction twice as often, his pushes :
! o 7
| (Wil {(will not)
be effective because
8 (the swing will be pushed twice as often in the right direction)
i _ {every other push will oppose the motion of the swing) ( { V)
9. The frequency of the tuning fork is 440 hertz. It will NOT be forced
: mro vibrationbyasoundof _— \
(220 hertz) (440 hertz) (880 hertz) .
= » \4\»¥~M? %‘7/[
o &
10. Beats are the result of the alternate cancellation and reinforcement of two sound waves of
(the same frequency) (slightly different frequencié%)\
S e
11. Two notes with frequencies of 66 and 70 Hz are \(
SO ether. The resulting beat frequency is
4 hertz) (68 hertz) (136 hertz)
12. The accepted value for the speed of sound in air is 332 m/s at 0°C. The speed of sound in air
increases 0.6 m/s for each Celsius degree above zero. Compute the speed of sound at the tem-
perature of the room you are now in.
(P22°C  va 3¢S s
I .
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Exercise 1:

Exercise 2:

! QU 5 W 1416 § 102 m

[Therefa
UTeIOre I‘l,-‘g\ "
' i e trom on
on the same wave i« 3 U pomnt on the wave to the next identical point

In Hitornia lav is surf

'y NG on ay ik i
with a specd of 50 » 0N A wave that propels him toward the beach

I e Ve croct 2 \ 71 .
i the wave crests are each 20. m apart. a) What is the
Waler w ave’ b) \;\J-}”“ i“» ”_”f p(;ﬂ@d?

frevys 1
irequency of the

a Groen: p 50 m /e
. "\ n/ss Unknown: f =7
20 1 ; ;
m Original equation: v = Af
; v S50m/s
Solve: f = - 0.25 Hz
: 2 20. m 0.25 Hz
b. Given: f= 0.25Hz Unknoun: T =7
Original equation: T = };
Solve: 1T : L 4.0
DOLVE -t e vl k- R
f D25Hz

Omne crest comes along every 4.0 s.

Practice Exercises

Harriet is told by her doctor that her heart rate is 70.0 beats per minute. If
Harriet’s average blood flow in the aorta during systole is 1.5 X 1072 m/s,
what is the wavelength of the waves of blood in Harriet's aorta, created by

her beating heart?

.03 M

Answer:

Dogs are able to hear much higher frequencies than humans are capable of
detecting. For this reason, dog whistles that are inaudible to the human ear

can be heard easily by a dog. If a dog whistle has a frequency
of 3.0 X 10* Hz, what is the wavelength of the sound emitted?

6.00W

Answer:
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Standing Waves

A wave that is i ' :
1s confined in a space is calle : y
on the vibratir ) ned m aspace s called a standing wave Standing waves
€ vibrating strings of a gutar produce the sounds vou hear, Standing
waves are also present inside the chamb ' “

crof a wind imstrument.
A string that contains a standing wave s an osaillato
has natural frequencies. The lowest natural freq
fundamental. Other

i

t. 1 ike anv oscillator, it
uency is called the

: naturat frequencies are called harmonies. The tirst five
harmonics of a standing wave on a string are shown to the right

There are two muun parts ot a s The

LIRS

tanding wave.
The antinodes are the places where the string

AN

| nodes are the points where
the string does not move at atl.

moves with the greatest amiplitud

The wavelength ot a standing wave ¢

The first harmonic only contains one bump, so the wavele

e Date:

Node— __Antinode

can be found by measuring the length of two of the “bumps™ on the string.

clength is twice the length of the individual bump.

1 wavelength

e

PRACTICE [ r—2—

1. Use the graphic below to answer these questions.

Which harmonic is shown in each of the strings below?

a
b. Label the nodes and antinodes on each of the standing waves shown below.

o

How many wavelengths does each standing wave contain?

e

Determine the wavelength of each standing wave.

I8 VoA s 5«1 Ly okl

3m ———*{ L 15m ’]’
N s | e
| wdvelehfv A B
"___ 3m ——’l L Sm ;{
N b == ==
‘it‘ A /l |2,
h WW@I@{%}‘(L c b q havy
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2. Two students want to use a 12-meter long rope 1o ¢ reate standimg wa i o . ’ . Kii
at which a single wave pulse moves from one end of the rope 1041 SNCTGRAS S L
This information can be used to determine the frequency at wi
harmonic. Follow the steps below to caleulate these frequenaies

- \d
o ]
=S b
a. Draw the standing wave pattems for the first six harmonics.

b, Detenmine the wan clength for ecach harmonic on the 12 meter rope. Record the values in the table below.

¢. Use the equation for wave speed (v = f4) to calculate cach frequency. Al WATEA el ”
7 %
\'." ot
: . e e Y
Harmonic | Speed (m/sec) | Wavelength Frequency J
| m) (Hz)
. 1 | 36 YU T
) - & | | .
| 7: 36 iy 2
4 36 & i/
5 36 4.9 .S
6 36 4 o

d. What happens to the frequency as the wavelength increases? decrciges

e. Suppose the students cut the rope in half. The speed of the wave on the rope only depends on the
material from which the rope is made and its tension, so it will not change. Determine the wavelength
and frequency for each harmonic on the 6 meter rope.

Harmonic Speed (m/sec) | Wavelength | Frequency

L (m) (Hz)

1 36 Vi 2

2 36 gl i

3 36 s 9

3 36 3 o

5 56 1.4 LY

6 36 Y Ly

£  What effect did using a shorter rope have on the wavelength and frequency?

VRN



Interference
may create tiy

occurs whe

S WHEN twWo or more
S O Mmorg WAVES are af the « i
Y rip SUthe same location at the same time. For exan

vibration at anv I

rlane
Pies on top of 1y
WEEST Waves m the " v
0Nt 18 the sum of the i) s m the occan the superposition principle states the
C e Mibntoens produced by the individual waves
onstructive ; . ’ T
) e miterterence |
combine . v IS When waves combine to make a larger wav ive interf '
HIE 10 make a wave that is <imalios o hetomake a targer wave. Destructive mterference is when waves
v Ay . Sty smatier than etther he indi 101 ]
by PIOAUCING a sound wWave (har 1 e ot ther ot the individual waves. Noise cancelling headphones work
< : N N &i.:n"\".\'\‘\’{:\ *ANG \(\”.\\\_,
! canceis the sounds i the room.
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This worksheet will

allow vou to find the su e " .
table hela - ‘ youto find the sum of two waves with different wavelengths and amplitudes. The
UL OCiow (and continued on th

hie next page) lists the coordinates of points on the two waves.

1. Use coordinates on the tah]
ates on the table and the graph paper (see last page) to graph wave 1 and wave 2 individually.

L

; )
Connect cach set of pomnts wit SMOot] . ks li i
\ a set ot pomts with a smooth curve that looks like a wave. Then, answer questions 2 — 9.

-~ - 1 ore 5 ” [ st o724/ A
2. What is the amplitude of wave 17 1 V'l { 3
3 W hat is ¢l Toikes 3 ~ ) bl
3. hat is the amplitude of wave 27 & P{LC LD

ja ! 4 1 ~ d / by
4.  What is the wavelength of wave 1? ° 2 la\is

What is the wavelength of wave 22 & Lo| (k2
t 1s the elength of wave 2?2 L,M(/K

h

6. How many wavelengths of wave 1 did you draw? [ (NN M“LQW

~J

How many wavelength of wave 2 did you draw? g (NON g‘{ \éf/‘Lgﬂu?
.  Use the superposition principle to find the wave that results from the interference of the two waves.

To do this, simply add the heights of wave 1 and wave 2 at each point and record the values in the last
column. The first four points are done for you.
b. Then use the points in last column to graph the new wave. Connect the points with a smooth curve. You

Should sec a pattel n that Combines the two Or iginal waves. . ' —
d 1 t 1 i (.ij\'(’) \Im 2'\01 ‘,\JZ(W/ ','\J_
1 m [0} 4 lg nal waves. . . S

a.

—

x-axXis Height of wave 1 Height of wave 2 Height of wave 1 + wave 2

carmamms]

L

(blocks) (y-axis blocks) (y-axis blocks) (y-axis blocks)
0 0 0
0.8 2 2.8

15 0 L3

22 -2 02

2.8 0 Y

0

B W
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1 x-axis t
! (blOCks) |

,_::_:::: o

|

2 G —-;-._-.____j h
4 |
|

(y-axis blocks)

B |
i [
N -
d.
19

149

= || '-Ci‘,‘,‘f‘-i of wave
Hexght otwmel Heiy

| 0
| 2
|

[

-2.2

-\ F L

2.8

“13

33

-3.7

-3.9

-3.9

-3.7

-3.3

-2.8

2.2

-1.5

-0.8
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7. What does it mean for waves to be in phase vs. OUt 01 pe

.. )
tructive and destructive interference!’

t 4 } KLt 2oy i
terference? What is the difterence between cons

9. What s a standing wave?

\ -
{ ! Ees 4 A / * ‘J
' N 4
Review the Concepts. Simple Harmonic Motion
. : : 5 Rl - : Iy
10. Simple harmonic motion is _{ YR AL motionundera  FEATONAA force
1 g - x 7
F‘ ooV ey f} to the amount of displacement from equilibrium.
¥ ¥ v

11. In the diagrams below, label the following: tmas, U = 0, amax, @ = 0, KEmax, KE = 0, PEmax, PE =0

R
® iy

] '

x=0

; Pt/(/@\)(‘

o A 7\ “
RZA =, 2 ‘{"»’;7(‘;:.
6 KE« ‘J\
/

x<®

=>»0




2. What is the restoring force on a simple pendulum? D
pyiiiadedill O L2TawW arrows r"w R

three positions below. Ignore air resistar B
&1 tC aif f\\:\]‘u-&,\, ‘“‘,'\1 i“ ”;( .
riction,

-

CJ A N

13. What is the restoring force ona mass-spring system? Draw arrows for the forces on the mass below. Ignore

air resistance and friction.
b (.

~~ 7N
A 70

ALY e

x#t‘i

14. What is the spring constant, &, 2 measure of?

Affhers 1T sprngy-



