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Traveling Waves

16.1 An Introduction to Waves

1. a. In your own words, define what a transverse wave is.
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b. Give an example of a wave that, from your own experience, you know is a transverse wave. What
observations or evidence tells you this is a transverse wave?

Vibrationg of o bass ju"{"\"w $~\*\~:\ﬁ3 are o Focna QC dromsverse
Wave. Yeu con see. *J\Mw%“ %E, oscllakion s deansverse
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2. a. In your own words, define what a longitudinal wave is.
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b. Give an example of a wave that, from your own experience, you know is a longitudinal wave. What
observations or evidence tells you this is a longitudinal wave?
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3. Three wave pulses travel along the same string. Rank in order, from largest 1
to smallest, their wave speeds v, v,, and vs.
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16.2 One-Dimensional Waves

4. A wave pulse travels along a string at a speed of 200 cm/s. What will be the speed if:
Note: Each part below is independent and refers to changes made to the original string.

a. The string’s tension is doubled?

| g —

|
- | / f
V = T = sz — -3: P o ¢
\//«A so v = ﬁ T [2 v
V= Uz (2009%y) w280 oM

b. The string’s mass is quadrupled (but its length is unchanged)?
D
= s N = - _ LT _ v
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5. This is a history graph showing the displacement as a function D (mm)
of time at one point on a string. Did the displacement at this 2
point reach its maximum of 2 mm before or after the interval
of time when the displacement was a constant 1 mm? Explain
how you interpreted the graph to answer this question. ; f r - - 1(s)
y P e grap , aue - 0.00 0.04 0.08
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@‘ [ O s -H‘xe, Sawnme me\é—r S A 'H'mm i;%"t*'e eﬁ kms [«
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Traveling Waves ¢ cuapter 16 16-3

6. Each figure below shows a snapshot graph at time t = 0 s of a wave pulse on a string. The pulse on the
left is traveling to the right at 100 cm/s; the pulse on the right is traveling to the left at 100 cm/s. Draw
snapshot graphs of the wave pulse at the times shown next to the axes.

a. D (mm) b. D (mm)
2 »

1=-001s [N 1=-001s
& ; ~ x (cm)

2] T T T T T T - x (cm) T T T T T
4 2 2 4 6 8 10 12 4 2 2 4 \6/ 0 12
2 -2

2 2
t=0.005s /—\—-> 100 cm/s 100 cm/s 4-——/\ 1=000s
! T Y T T ~ x (cm) T T f T - x{cm)
2 4 6 8 10 12 4 2 2 4\/6 8 10 12

24 24

t=0.01s / N /\ 1=001s
T T T X (cm) T T T T T A (cm)

(4] 2

o0

_2 -
24 24
1=002s / \ 1=0.02s
T T T ¥ T T T T A {cm) T T i T T T - X (cm)
4 2 > 4 6 8 10 12 4 22 5\\/4 6 § 10 12
-2 24
2 T \\ 2
t=003s / A / 1=0.03s
T ¥ T T T T T T X (C]ll) T T T T T T ™ A (cm)
-4 -2 2 4 6 8 10 12 -4 ~2 2 4 6 8 10 12
-2 -2 /

2 2

1=004s ! AN =004
T T T - T X {cm) T f T ' + X (cm)

2 6 8 10 12 2

7. This snapshot graph is taken from Exercise 6a. On the D (mm)

axes below, draw the history graphs D(x = 2 cm, ) and 24[ /'-_\S“*“’Sh"t graph at =0
. . — 100 cm/s
D(x = 6 cm, 1), showing the displacement at x = 2 cm

and x = 6 cm as functions of time. Refer to your graphs
in Exercise 6a to see what is happening at different -2
instants of time.

t T Y T T  x (cm)
2 2 4 6 8 10 12

]

D (mm) History at x = 2 cm D (mm) History at x = 6 cm
ﬂ 2 1/ /‘—_\
T T T T T T 1(s) T T T ¥ T T 1(s)
-0.04 0.04 0.08 —0.04 0.04 0.08

-2 -2
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8. This snapshot graph is from Exercise 6b.

a. Draw the history graph D(x = 0 c¢m, ¢) for this
wave at the point x = 0 cmn.

b. Draw the velocity-versus-time graph for the
piece of the string at x = 0 cm. Imagine painting
a dot on the string at x = 0 cm. What is the
velocity of this dot as a function of time as the
wave passes by?

¢. As a wave passes through a medium, is the

speed of a particle in the medium the same as or

different from the speed of the wave through the

medium? Explain.

R
—T{—\,&, S?a& L}I 4 e e {’51* é“g“quf’é?.w% .

W@ P&r%:ig,i,aés SPQL() Q%C:T\\im"&"@ﬁ
WKMK\Q‘ ’*@\g, Weve, SYQAC} Ceenalung C,Qm&“&éﬁ‘%.

D (mm)
.y Snapshot graph at1=0s
100 cm/s e

X (cm)

History graph at x=0cm

T T T ¥ T T
j 0.0\.\/ 0.08
-2 [

v (mm/s)
200+

1(s)

T } T 1(s)
0.04 ¢ 0.08

~200

9. Below are four snapshot graphs of wave pulses on a string. For each, draw the history graph at the
specified point on the x-axis. No time scale is provided on the z-axis, so you must determine an

appropriate time scale and label the #-axis appropriately.

D Alx=2cm

. /"\ — 1 (§)
'.sz j ‘Qz OO“*
Atr=0.02s

D
" 100 cm/s <-—--/

y T T — x(cm)
J 2 4

\/ 6

Atx=0cm

T T - I S)
.02 \!‘05 .08 (

|
|

b.

D Atr=0s

et 100 c1/5

Atx=8cm

5{\\1 ! (5)

R

___._l_b

#

D Atr=002s

‘ " T T T u x (cm)
J 2\/ 4 6
- 100 cm/s

Atx=0cm

T T T T T T t{3%
"0% M G2 < }
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10.

11.

Traveling Waves » cHAPTER 16 16-5

A history graph D(x = 0 cm, ?) is shown for the x = 0 cm point D (mm) History graph at x =0 cm
on a string. The pulse is moving to the right at 100 cm/s. 2

a. Does the x = 0 cm point on the string rise quickly and then
fall slowly, or rise slowly and then fall quickly? Explain.

1
_..E; figesg iZ“%c:s w and “k’{‘\% -f;;i\g & 0.60 ‘ 0.62 ' 0.64 ' 0.66 "
guickly. (The slow Fige appears =

earlier T\ pnas . )

. At what time does the leading edge of the wave pulse arrive at x = 0 cm? O.\s
. Atz = 0s, how far is the leading edge of the wave pulse from x = 0 cm? Explain.

AX = v At EC%@&Q%’E(’D,H‘) =

o o

. At 1 =0 s, is the leading edge to the right or to the left of x = 0 cm? | e Cr
. At what time does the trailing edge of the wave pulse leave x = 0 cm? Q.3%¢
Att= 0 s, how far is the trailing edge of the pulse from x = 0 cm? Explain.

( O‘“"“)(’@ 3s) ‘\BC,M\

— @ @

Snapshotat tr=0s D (mm)
2
g. By referring to the answers you’ve just given, draw a
snzilpshot graph D(x, t = 0 s) showing the wave pulse on the .
string at f =0 s.
¥ Y T ¥ 1 f X (cm)
-4 -2 0

These are a history graph and a snapshot graph for a wave
pulse on a string. They describe the same wave from two perspectives.

Snapshot at t=0.01 s D D History at x=2cm

—(/lll T " X (Cln) A’ T T N T f(S)
-6 —[/2 J J 0.02 W(m 0.06
a. In Wthh direction is the wave traveling? Explain.

H‘\& waye 1% ‘%‘Véxﬁﬁ\w\c 4y the ﬁu:‘*w% T+ r*e‘@Jxe.% Hae

2@;&\ ’Pe‘m«%« ak t j

Fer towee (0.025 afeer Hhe
& ﬂ&fg\« eb Tin s%@wﬁrj .

b. What is the speed of this wave?

ﬁa leadin ed 9e of the wave. 1w Hha Swke {}f‘}he% "é‘&»r%&é@%
ot £ = O\Zk ne lecatred ot % = - 2L, F;r 4“‘&/\2‘5
|es\c)mj Qc\jg 4v teodh X = Zecan at ‘[Z O.02s 4”91%

Spras must be BX o Hewm  T5TCa
¥ s 22 e EZ - /X
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12. Below are two history graphs for wave pulses on a string. The speed and direction of each pulse are
indicated. For each, draw the snapshot graph at the specified instant of time. No distance scale is

provided, so you must determine an appropriate scale and label the x-axis appropriately.

13.

a. b.
D History at x =2 cm D Atx=-]cm
M e 1 (5) . , N 1 (5)
J 002 004 006 006 \-0.02 /J 002 006
100 cm/s to the left 50 cm/s to the left
D Snapshot at 1 =—-0.02 s D Snapshot at 1 = 0.06 s
T ] r/] T T X (Q‘“> V] < T 4/\7 T X (C-V\’\>
J 2 4 6 § J’é\;/ -3 -2 -
A horizontal Slinky is at rest on a table. A wave pulse is sent /Link 0

along the Slinky, causing the top of link 5 to move horizontally
with the displacement shown in the graph.

/ ink 5

a. Is this a transverse or a longitudinal wave? Explain. 0 2 4 6 8 10
Lov\ﬁl*%udie\af\ 3 Le&cause& Hhe Fmr‘r(c& D, (em)
. . 1
| pMotion 1€ Pwra\\@( 4o the Wiay e motion
0 , ' — 1(5)
0.1 0N 03 A4 05
. .. . =14
b. What is the position of link 5 at t = 0.1 s? é Cwn
. e . , /s
What is the position of link 5 at t = 0.2 s? Sem ‘;(_Cmé) S
What is the position of link 5 at = 0.3 s? Hem
4 it 1 0 T T T I(S)
Note: Position, not displacement. h o & o os
¢. Draw a velocity-versus-time graph of link 5. Add an ~10-
appropriate scale to the vertical axis.
d. Can you determine, from the information given, whether the wave pulse is traveling to the right or to

the left? If so, give the direction and explain how you found it. If not, why not?
No. \/@u Cﬂm(\vm&' C\,amﬂm‘w. “u'\q Wave, \xi‘i&» Fra‘\mgmfmgx AI‘N:::J:&Qﬁ
wivdh C“"’\"f ene t\“is&ry f;(\c;v&" ( Bg vs. ‘t)- The wave pulse could have

beon sent -Cveh« either Cud e{- e 3\‘\%\“! (Pq“ oy 3?\%‘*%& s Dudhh on
\e,@% e,msc(\, A znc\ {e‘(&‘s&vraj 3\3\9% (o(' o illarenr cé;i\) would ravaa}t é?rq,ckwﬁ.

. Can you determine, from the information given, the speed of the wave? If so, give the speed and

explain how you found it. If not, why not?

,MO. You canns b c&%;*"grvﬂtqe wave %Pw Cm\i\i Q,f{}k
S{Auc&\. A 2“‘; hictor ?ie‘% (GC“ o c)'g@:%rm% cat) would

Q\\ow you., +o -gwcé ’J(t\g; Wwesje SFQ&Q;;A
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14. We can use a series of dots to represent the positions of the links in a Slinky. The top set of dots shows
a Slinky in equilibrium with a 1 cm spacing between the links. A wave pulse is sent down the Slinky,
traveling to the right at 10 cm/s. The second set of dots shows the Slinky at ¢ = 0 s. The links are
numbered, and you can measure the displacement Ax of each link.

Iem
0 1 2 3 4 5 6 7 8 9 10 11 12
Slinky in equilibrium ¢ ] ’ ’ L] L] L] . ] ¢ L] ’ ]
| | | | | | i ! | : | ; :
) ' ' ' 1 ' ) ' 1 0cm/s 1 1 1
i 1 ' t 1 ] i i S——r——- ] ] 1
Wave pulseatr=0s . Ce . . Le . ® ¢ o o o s ® ° ®
I 2 3 4 5 6 7 8 9 10 1 12
a. Draw a snapshot graph showing the displacement of each D (cm) Snapshot at 1=0.0's

link at t = 0 s. There are 13 links, so your graph should have 2

13 dots. Connect your dots with lines to make a continuous

graph. 1
b. Is your graph a “picture” of the wave or a “representation” of

the wave? Explain. 0 F—

—T“Qw jram%« gg o Te

P
T‘j\e, zﬁ, &&iﬁ’aﬂ*gf“iﬂ (0 \\\_{A CO\ ‘a) g V\QSC wvémaeén&c\f
) P

-4
-4
-4
-4

ce f*ém&n%i oM C‘ *{\Qq wove, Link

c. Draw graphs of displacement versus the link number at = 0.1 sand r = 0.2 s.

D (cm) Snapshot at r=0.1 s D (cm) Snapshotatr=02s

4

ro

d. Now draw dot pictures of the links at ¢ = 0.1 s and ¢ = 0.2 s. The equilibrium positions and the t = 0's
picture are shown for reference.

fem
0 1 2 3 4 5 6 7 8 9 10 {1 12
Slinky in equilibrium ¢ ] [ ] [ ] L] ’ . L] L 4 ’ [ ] ’ ]
I i I i 1 t t i i 1 ! 1 t
l I | I | I I | 10emks | | |
1 1 1 t I 1 | ————jee- | 1 | i
Pulseat1=0.0s ® C e . L e . o o 0 o o ° o ° o
i ! I 1 1 I i ’ I i I I 1
t 1 1 ) 1 ' 1 t 1 1 ! 1 i
1 1 I i i ¥ t ! i I i ¥ I
I ! 1 1 i 1 i I 1 1 1 ' ]
=0lse s B ¢ T BN ST R S R
1 1 1 1 H H 1 i ] I i i ]
I 1 i 1 1 I I 1 t 1 t I 1
i=o2s® & b e 8 e e 8 e
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15. The graph shows displacement versus the link number for a D (cm)
wave pulse on a Slinky. Draw a dot picture showing the Slinky

at this instant of time. A picture of the Slinky in equilibrium,
with 1 cm spacings, is given for reference.

-2

o 0 1 2 3 4 5 6 7 8 9 10 11 12
Eqilbriume ¢ & ¢ & ¢ & ¢ ¢ o ¢ ¢ ¢
[} i 1 ] ¥ 1 1 1 H ] 1 1 1

] ] ] i ] i i i 1 3 ] 1 1

* ¢ ¢ » & o ¢ Coe ¢ L. + ¢ ¢

1 1 ] i i 1 | H 1 1 | 1 t

t 1 l ] ] ] ] 1 i i 1 ] ]

16. The graph shows displacement versus the link number D (cm)
for a wave pulse on a Slinky. Draw a dot picture 2
showing the Slinky at this instant of time. A picture of

the Slinky in equilibrium, with 1 cm spacings, is given 0+ N m
for reference. J \/Link
-2

Equilibrium

-~ --9C
b

- -
Bl S YN
—-—--- 80
.
- -z
- -

W -- -
-—---~-®c

- -
- —_——— - - @ W

-l - - W
- - -9

--‘--.;
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16.3 Sinusoidal Waves

17. The figure shows a sinusoidal traveling wave. D (inm)
Draw a graph of the wave if: 14 /\—> /\
ARV
-} -.]
a. Its amplitude is halved and its wavelength is D (mm)
doubled. 14
f\\,
M 30
-1 4
b. Its speed is doubled and its frequency is D (mm)
quadrupled. 1 «h . ¢
vV = £ >\ X g >\ = -‘é— [\ :‘l ffk &;
2v. Y % g f.’ \% 5
>\ = = 4 ) i \J
CI 1

18. The wave shown at time ¢t = O s is traveling
to the right at a speed of 25 cm/s.

a. Draw snapshot graphs of this wave at
timestr=0.1s,r=0.2s,r=0.3s, and

t=04s.
b What is the wavelength of the wave"
/0 cm

c. Based on your graphs, what is the
penod of the wave?

d. What is the frequency of the wave?
=L = 2.5H2
e. What is the value of the product /\ f’

A= (IOW\)(ZE/S) = 28

f. How does this value of Af compare to
the speed of the wave?

A s He spend of the

Waovye .

Traveling Waves ¢ CHAPTER 16

t=00s 14

- 25 cITV/S

/\

D (mm)

1=0.1s 14

5-

V)
/A

\/
AN

=

=

D (mm)

/
a 1 \/ 30
t=03s 1
: N /N /\ [
s VARV
IRAVA
1=04s 1
: /N
: \%

\/0

<

16-9

X (cm)

x{cm)

x {cm)

x (cm)

X (cm)

X (cm)

X (cm)

X (cm)
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19. Three waves traveling to the right are shown below. The first two are shown at ¢ = 0, the third at
t = T/2. What are the phase constants ¢, of these three waves?
ML& Yrac L{

D D p o~ tot=0s

A=A A= N A
AV VARV J\/w\

$o= éﬁ = 30° $o= % = 1507 bo= =-30°

Note: Knowing the displacement D(0, 0) is a necessary piece of information for finding ¢, but is not
by itself enough. The first two waves above have the same value for D(0, 0) but they do not have the
same ¢,. You must also consider the overall shape of the wave.
20. A sinusoidal wave with wavelength 2 m is traveling along the x-axis. At t = 0 s the wave’s phase at
x =2 mis 7/2 rad.
a. Draw a snapshot graph of the wave at t = 0 s.

8\; C\e;ﬁ‘wnlﬁa@ OQ» _T
g}%ﬁ,c&%«fe; gf::: k){ *wt‘f‘ﬁfo T\\ é-»z_ f

Wrowas: » = Zorn
x{(m)

X=2w, T=0Os, 2 j \/ 2 \/ "
Qf"“W’L k = 2--.. 8 / :
¢ E'g‘geg%v%

o,

weg - \ﬂQ g e
gNinguswj\:/iww Lg, L betwasn O and 27

b. Atz =0s, what is the phase at x = 0 m? ¢c: ( ECQQQ«&«\\:@\i E 5

c. Atz=0s, whatisthe phaseat x=1m? g5 = = TY/Z ( Efecwvely 3w/, 3

d. Atz=0s, whatis the phaseatx=3m? § = /2.. ( Efechively 37/20)

Note: No calculations are needed. Think about what the phase means and utilize your graph.

21. Consider the wave shown. Redraw this wave if; D (mm)
—

k < NN
X _4 \/10 \/20 \/30

a. Its wave number is doubled. b. Its wave number is halved.

D (mm) D (mm)

NANNAN /1 - S N
NRVRVAVAVIVAV-S N NDZEE

16.4 The Wave Equation on a String

No exercises

© 2017 Pearson Education.
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16.5 Sound and Light

22. Rank in order, from largest to smallest, the wavelengths A, to A5 for sound waves having frequencies
f = 100 Hz, fz = 1000 Hz, andf3 10,000 Hz.

Order: X, = > X,
Explanatlon.

Vo= /\-Q = ﬁfﬁﬁré @C S‘:euwe& (5‘““*@ —Qf M 3\\(%}\ W&ngé’)
So SN *-‘é? low ‘Q x> »{39@3 A

23. A light wave travels from vacuum, through a transparent
material, and back to vacuum. What is the index of
refractlon of thls materlal‘7 Exp]am

1 “3 —Tﬁ;v r""%““*“j‘
7
Femaine Camedont os "{{AQ waye
f ? -
el o C oA one waedigea O

anorher Tn the w ediuw No= £

mbvis &= b 2L ¢

24. A light wave travels from vacuum, through a transparent
material whose index of refraction is n = 2.0, and back
to vacuum. Finish drawing the snapshot graph of the light
wave at this instant.

16.6 The Wave Equation in a Fluid

25. At 2°C, the speed of sound in water is 1410 m/s.
a. What would be the speed of sound in a liquid with the same density as water but twice the bulk

modulus?

Veoond = %}_78;_ IF the cimge%«\,f () s 4he same Chue
"H‘\& buk wedu (B) Cieu.ég e then v Tncreages {57 a

§ ‘F:&»Q,«%ﬂs@ of a‘g&». Vepund 3r (“‘(meg) & 990 M i

b. What would be the speed of sound in a liquid with the same bulk modulus as water but twice the
dens1ty"

Y \3’4: TK&, bolle modalug doec nob éiiﬁ&*f‘i}; Q..

! 5Guﬁa

’ ST\\:J, e é«@msl&, (\3\5 A%WEEQ\&) \/Scu.,sm:\ = \{_&_'2: (WG““/%: r‘? ﬁ%l

i
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16.7 Waves in Two and Three Dimensions

26.

27.

A wave-front diagram is shown for a sinusoidal plane wave at ¥y (cm) 1 10 cm/s f 1=0s
time ¢ = 0 s. The diagram shows only the xy-plane, but the wave .
extends above and below the plane of the paper. 61 I I
a. What is the wavelength of this wave? 2 com 4:
b. Att =0 s, for which values of y is the wave a crest? -
s 1=y , Foem 0 . . — x(cm)
i 2 4 6

c. Att= 0 s, for which values of y is the wave a trough?

C,) 2,1 ijé Cr

d. Can you tell if this is a transverse or a longitudinal wave? If so, which is it and how did you
determine it? If not, why not?

z NQGJ \7“M‘L can '+ Yell. .n:@» Wow e “er‘Pm:}m-ROm C\\srec o S 3\\'@.&'\)

¢
H

f \BL&{" ‘{‘k”‘x% di(’*\‘zzg%ﬁmgﬂ o‘C C\\Tﬁﬁ{cj&(_mgwwg OS&“&RQ@% e Nok gggq&’ \/iﬁigk

e. How does the displacement at the pdint (x, y, z) = (6, 5, 0) compare to the displacement at the point
(2, 5, 0)? Is it more, less, the same, or is there no way to tell? Explain.

The die f&taé@%%‘%’& are. Hhe <ama Eeﬁc;%&@“ ﬂﬁ.&? [he sn Ao
f Sovac, \aJ@L\;QA-—QrQW% (560“4.& Y%ﬂt‘:}\m&\}‘

f. On the left axes below, draw a snapshot graph D(y, t = 0 s) along the y-axis at t =0 s.
g. On the right axes below, draw a wave-front diagram at time t = 0.3 s.

y (cm) 1=03s

D t=0s

1 | ]
T - —t T / T i r y{cm) 0 i - T we- X (CT1)
-2 / \i / \; / \\j/[ ‘\8 | 2 4 6
/
/ / /

These are the wave fronts of a circular wave. What is the phase
difference between:

a. Points A and B? O ,
b. Points C and D? Hr ( + ?»Do,)
c. PointsEandF? T ( 180°)

© 2017 Pearson Education.
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16.8 Power, Intensity, and Decibels

28. A laser beam has intensity /.
a. What is the intensity, in terms of I, if a lens focuses the laser beam to % its initial diameter?

e , / ~
T ol - 2 Sihce Crpgg- s?wiw;m{s Cica o% L@mg g "f”{“‘“r’gf
2 2 S 7
L I PR < = 100 E T }C;g}"‘(’“’ /
S -~ =, 1 {
To N7 (%o/i0) |
b. What is the intensity, in terms of I, if a lens defocuses the laser beam to 10 times its initial
diameter?
T - 5 T
= ===l __| } + _ To
. S A o= oIzl
Lo f (10e) oo | T teo |

29. Sound wave A delivers 2 J of energy in 2 s. Sound wave B delivers 10 J of energy in 5 s. Sound wave C
delivers 2 mJ of energy in 1 ms. Rank in order, from largest to smallest, the sound powers P,, Py, and

P of these three sound waves.

Order: p::; - {3{? > {“‘“}Q

Explanation: L
?@w er 1\ ‘“‘{“‘\Q cate ot WK‘AJ& ewefﬁ“f 1e delivered.
o . 2T ™ _ loT” oo 2mT
{ % Zg = ‘ W} ‘@ 58 - 2\/\/ g \C,y - tee 2\:‘/

30. A giant chorus of 1000 male vocalists is singing the same note. Suddenly 999 vocalists siop, leaving
one soloist. By how many decibels does the sound intensity level decrease? Explain.

ey T = e Intengity From 1000 ¢in *“\”‘“ R A %m}g
N A
all ging ot He same w‘i,&z{a( +hen dhe Tont “&“‘“’f {Z” 1
y - “f 4
o ,/é(_}g}g:g e L f 1o

f&”j ow the decconce 1a gouees nteasd "y lewel A.{?s::f/%ﬂé%
/ =7 7. [= 5
P20 oAz (U —
’M B Log, (T ) 1048 Koy
AR = l0dR R Lo °g (’ mégéay 10dR ﬁm ( gg> —20dR

The souwnd TA—F-m\s?‘*j Level decreases 2041
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16.9 The Doppler Effect

31. You are standing at x = 0 m, listening to a sound that is emitted at !
frequency f. The graph shows the frequency you hear during a
four-second interval. Which of the following describes the sound source?
i. It moves from left to right and passes you at 1 = 2 s.

ii. It moves from right to left and passes you at z = 2 s.
iii. It moves toward you but doesn’t reach you. It then reverses o 1 2
___ directionatr = 2.
Q\Q It moves away from you until # = 2 s. It then reverses direction
and moves toward you but doesn’t reach you.

Explain your choice.

gwﬁ‘;“flaié\f +he A@V”QW?EL~QA<\} heard e Vower “*’%“’&’&QW Hhe souresn.
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32. You are standing at x = 0 m, listening to a sound that is emitted at !

frequency f,. At t =0 s, the sound source is at x = 20 m and moving .

toward you at a steady 10 m/s. Draw a graph showing the frequency

you hear from ¢t = 0 s to t = 4 s. Only the shape of the graph is important, 3 kbbb

not the numerical values of f. :

T Y T — 1(8)

0o 1 2

33. You are standing at x = 0 m, listening to seven identical sound sources. At r = 0 s, all seven are at
x = 343 m and moving as shown below. The sound from all seven will reach your earat t = 1 s.

| @e——p 50 m/s, speeding up
2 @ 50 m/s, steady speed

3 @—————p 50 m/s, sfowing down
4@ At rest

50 /s, speeding up = t—— 5

S50 mAs, steady speed  Srmmmm———

50 m/s, slowing down sy 7

Rank in order, from highest to lowest, the seven frequencies f; to f; that you hear at 1 = 1 s.

Order: %:ﬁ:jcé = g_; > CL% S % - .Czu:‘?e
Explanation:

f:\.-% e 3\&2@4« “m%*&m&“{#} +he 5&%%2@ w@’%qw@ﬁﬁ‘fg %‘%Qv&v‘“é‘ A€~”§?W&<§% od
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