Lecture 37/
(CH11:2-3)
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Crests of Ocean waves pass a boat at rest every 10 sec. If the waves are moving at 4 m/s, what is their
wavelength ?

Trough

A=vT

where Tz 10secandv =4 m/s

then A=(4m/s).(10sec)=40m




What is the speed of a wave with a wavelength of 15 cm and frequency of 2 kHz ?

A=v.T

and T=1/
where f =2 KHz = 2000 Hz
andA=15cm=0.15m

then A=v.T=v/fand v=Lf ={0.15m).{200C Hz) =300 m/s




ave Speed, Tension, and Density

You've seen how the fundamental frequency of a vibrating string depends on the wave
speed. But what determines the speed of waves on a particular string? Both experimentally
and through calculus, we find that two factors affect wave speed: the string’s tension, 7, and
its linear mass density (mass per unit length}, go. The resulting wave speed 18

b= L (11.3)
A\ "

In ST units, tension is in N and Hnear mass density in kg/m. You can verify that this com-
bination gives a speed in m/s.




i
Transverse waves propagate at 30 m/s in a metal wire subjected to tension of 40 N. The wiire is 10 m

long. What is its masg?

7

FPabse
@&

Sinuzoikad
wake

_fm.,‘\’

‘l \ 2

V=\{t/u andmassm=p. Length ~ N =
/

Therefore, p= 1/V* and m = (¢/V*),Length

m = (40 N/302 m/s).(10 m) = 0.444 kg

T, .
/an )




36.

M= ““W’% T= I wmN

ORGANIZE AND PLAN  The velocity of a wave on a string in terms of the
tension 7 and the linear mass density « is given by v=/1/x.

SOLVE Plugging in values:

-
\Ft = o [POXIN o

el T A 4100 kg/m

n g )

REFLECT The George Washington bridge’s highegc cables are about 150 m
long. If a car struck one cable it would take about 12 s for the pulse to travel

up and back down the cable. o
=Nt / RSO (50

(i‘)a
1)
| 72
™
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Fundament&l ?mquemxes

Wimﬁ. | umiammm { mquuziw wnup{m& Ei} Ehﬁ: mnddmenml wawi{,ngih im‘ 4 \ij‘mg &;xe:il at :

mm ﬁﬁd%- ‘How arethe: imqaemm& vaf th{., h&mmm _:' 'eimed m iiw fundammlmi fmqaemy

’Hmt is, %ha: f'a{,qm:n{.y 1}f e*:‘u,h hdﬂmm:c, ax,,sn miu‘u nml%i}}k., nf lhr. imzdamwm% izu]&emy

gs:mﬁ Ni“)kf: Hm[ ih(. itmd&meﬁlai lm‘qmnw Liepc‘:n{ia szwcmZ} {?m tiw x&mw s %ﬂ'ﬁgih "i he ) uu_.
rarist kamw- this: By pmhww c%mfm on gﬁ;m (}f t}m sm& s,hf: *%Ts;*c,hw%v ﬁmﬂcm it, mmng the

fundamental fmqacnu




60 he b Ao e Mgt

39. ORGANIZE AND PLAN We are given the length and the fundamental frequency of a N
violin string and asked to find the velocity of the wave on the string. We can use the :
expression for the fundamental frequency, £ =~y and isolate for v to find:

N 1'—?{ = ?\e%’ kt )v\% R 31)_.1 P oyl T

\ Given the velocity determined above and the tension in the string we can use the J
relationship v=./T/z and isolate for 4 to find;
o 9 I~

\:F N Py *L” ~V pu=Th =

= M N

SOLVE  Plugging in values:

Part (a): The velocity 15 v=2x0.60 mx196 Hz =235 m/s .
. £,
Part b: The linear mass density is =49 N/(235 m/sP =8.9x10 kg/m =~
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Txample
Y ou drop a stone inlo a well that is 7.35 m deep. How long does

it take before you hear the splash?

ARswer:

The time until the splash is heard is the sum of two time

itervals.
;b!'. »: the time for the stone to drop a distance & and

the time for the sound to travel a d;staﬂce d.

!
Since d = ! ~gi;, weobtain 1, = ,[2(? 35
2 9.81

d 7.35

v 343

To calculate 75, we have 4 =vr,, and ¢, =0.0214 5

‘Hence, the sum of the two time infervals is (1.22 +0.0214) s = 124 5.

.4:’

! s
&,\ C\Q “'k \“JL Z\{ﬂ




343 m/s

= =762%x 1077 m .
15X 106Hz  pn :
(b} Now, A = v/ f, where v is the speed of sound in tissue. The frequency is the same for air and tissue. (

Thus A = (1500m/s)/(4.5 x 10 Hz) = 3.33 x 10~ * m. — : ¢ §
R W =
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15. Which of the following properties of a sound wave
determine its "pitch"?

1) amplitude

2) distance form source to detector

3) frequency

4) phase

5) speed
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18. If the power output of a sound source emitting
spherical waves is 100 W, the sound intensity 5.0 m from
the source is:

D
2)
3)
%)
5)

0.32 W/m?
1.6 W/m?
4.0 W/m>
20 W/m?
100 W/m*
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What is the intensity level in decibels of a sound wave whase intensity is 10 ° W/m* ?

By definition B (dB) =10 log {I/1,) where I, = 10" W/m?and | = 10 ® W/m’

So B (dB) =10 fog (10°/10™ ) =10 log (10*°) =10 . 6 = 60 dB




Example
A crying child emits sound with an intensity of 8.0% 107 W /m’ . Find
{a) the intensity level in decibels for the child’s sounds, and

(b) the intensity level for this child and its twin, both crying with identical

irtensities.

Answer:

. . . . , / )
{a) As the intensity level is given by f= I()lc}g(-!— ). we  substitute
0

F=80x107°W/m" and the fowest detectable intensity 7, =107 W /m?,

G
hence S =10lo (i%glg—}—to[loa(s 0x107°) ~log(10 ")}:69d3.

(b) When the  twins cry,  the intensity will be  doubled,
£ =280 W0 W fan®y = 1 65107 W 1

The intensity level is £ = 10log m(‘l‘é—aig*—) 72dB.

Or, we can write

-
B =10log a(ﬁ%%gﬂ—)-io[og(z)ﬂo g(8. Ox}O"e)wfog(IO ")] 72dB

o3 i AR

since 10 log2 ~ Halved the intensity leads toa decrease of intensity level by 3dB.

. Y

Obviously, ten times the intensity of sound gives an increase of 10 dB,

M____/
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LSO wy,  —
\ \“\“!V%Mé\m X S
W b lon (L P
ORGANIZE AND PLAN We shall treat the sound source as a point source 1 T@“
open space. The sound intensity is inversely proportional to the distance
squared, 1, =P/d,y where 7 is a property of the source only and 4 =25m. The
intensity at 4=s50m is 1, =% while the intensity at #=250m is 7,= L.

z 100*

The sound intensity level is defined to be ”

.\-j

R = =10 10in

[

Manipulating the sz into a form more appropriate for the given information

we note: \,,f?Sé \K’l A Y0
) A

E = SIL=10 log 1}‘ =10 logj—’—lo logy Q}G
‘ . 2] o {/’_—h_\
We are given 55 dB=10 logi- s0 the sz for this problem is: \Q\&.G \?% Y

o SIL=55dB-10 logy Té P S = | -\Oﬁga iW,\

! Lo
SOLVE Part (a): The siz for #=s50 m (corresponding to y=4) is:{49d P
Part (b): The sz for 4=250 m (corresponding to y=100 } 184 35 aB

REFLECT The sz of this source at around 2.5 m correspofids to roughly

30 dB (a busy city street). At approximately 1.5 blocks away the sz

diminishes to below that of a soft conversation heard at a distance. A useful
thing to know if you are a real estate agent or home buyer on the hunt.

ok SV iy = TN - wd{" 3.6
| | = -\ U
oL 259 wy s< *

)
L
e
=
Pm.

1)
L9
)
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f)g\: e C\,\g

ORGANIZE AND

i
|

PLAN Adding instruments causes the intensity levels to

add due to the superposition principle of waves. So, if we have /V identical
sources each contributing an intensity of 7, the combined intensity is simply

1,=n1. The sz of the combined sources is AR

!

-~

$‘;SILN:10 fog L 210 Tog2L+10 logV = SIZ, +10 log = § A\ ?G \ M
i I 1, !

where sz, is the sound intensity level of an individual source. ¥ N5 7 ﬁ‘§ i

o

The change in the sound intensity level is 10 logn. For a given change asz we

can determing the required » as follows: ¢l A Q
\0’@ - RQ Q&Kﬂf Np‘ N = 1 (L0} o= { () 2 / W3

SOLVE An increase from 60 dB to 70 dB is an increase of 10 dB. The
required number of clarinets is ¥=10"'=10

REFLECT The

first 10 decibels make it appear that you get one decibel

increase for every clarinet. However, observe what happens if we have 100
clarinets: 100 clarinets only produces a 20 dB increase in the si. So if one

clarinet produce

s a s7z. of 60 dB it would take 10000000000 clarinets to

burst your ear drums (more than the number of people living on the Earth

pg LN
079 = 10

now).
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