PHY 113 A General Physics |
9-9:50 AM MWF Olin 101

Plan for Lecture 35:
Chapter 17 & 18 — Physics of wave motion

1. Standing waves

2. Sound waves
3. Doppler effect
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12/03/2012

-

23 | 11/05/2012 | Fluid mechanics 14.1-14.4 | 14.8. 14.24 11/07/2012
24 | 11/07/2012 | Fluid mechanics 14.5-14.7 | 14.39. 14.51 11/09/2012
25 | 11/09/2012 | Temperature 19.1-19.5 | 19.1. 19.20 11/12/2012
26 | 11/12/2012 || Heat 20.1-20.4 | 20.3. 20.14. 20.24 11/14/2012
27 | 111142012 ﬁ;ﬂi‘gﬂamics 20.5-20.7 | 20.26, 20.35 11/16/2012
28 | 11/16/2012 | Ideal gases 21.1-21.5 1 21.10,. 21.19 11/19/2012
29 | 11/19/2012 | Engines 22.1-22.8 | 22.3. 22.62 11/26/2012

11/21/2012 | Thanksgiving Holiday

11/23/2012 | Thanksgiving Holiday

11/26/2012 | Review 14.19-22

11/28/2012 | Exam 14,19-22
30 | 11/30/2012 || Wave motion 16.1-16.6 | 16.5, 16.22 12/03/2012

12/03/2012 | Sound & standing waves 17.1-18.8 | 17.35. 18.35 12/05/2012

12/05/2012 | Review 1-22

12/07/2012 | Review 1-22

12/13/2012 | Final Exam -- 9 AM
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Combinations of waves (“superposition”)
Note that :
sin A+ sin B = 2sin[ Y} (A+ B)|cos| % (4F B)]

yrlght(‘x t) =y, Sm(zn —— Jt ] yleﬁ(‘x )=y, Sln(zﬂ:( +ﬁj]

“Standing” wave:

27x
yrzght (X t) + YZeft (X t) 2y0 Sln( }L jcos(znﬁ)



sin Atsin B = ZSin[% (A + B)

“Standing” wave:

yright (X, t) T Y;eﬁ (X, t) — 2)/0 Sin

iclicker exercise:

cos[% (A + B)]

( 27x

\Tj cos(2mnft)

Why is this superposition result important?

A. Physics instructors like to

torture their students.

B. While the trigonometric relation is always true, it
is rarely useful for describing real situations.

C. It can describe the motion

of a guitar string.



Standing wave solutions to the wave equation : —cC

ot* Ox”

ystandmg (.X t) A Sln( 2;:)6) COS(zTCﬁ)

0’ -
Check : yas;a;dmg =—(2nf) 4 sm(zzxj cos(2mnft)

0’ -
Check : ystatzldlng _ (27[) y sm( 2”) COS(27’[ﬁ)
Ox A A

ot ox”
Equality satisfied iff fA =c

523/ 2 (32)/

0’y —c’ 0’y =—4 sm( 2;ijOS(27Iﬁ)((27If) (271:) ] =0

=0



2mnx
2L

Possible spatial shapes: Asin

Fundamental, or first harmonic Second harmoric

n=1 L:(l)ll n=2 L=/\2 "77';

Standing wave form: Asin % cos(2xft)

2_L ~nc

=> A =
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Third harmonic

| =— n=1234.....



iclicker question:
Which of the following statements are true
about the string motions described above?
A. The human ear can directly hear the
string vibrations.
B. The human ear could only hear the
string vibration if it occurs in vacuum.
C. The human ear can only hear the string
vibration if it produces a sound wave in
air.



Comments about waves in materials:
» Solid materials can support both transverse
and longitudinal wave motion
» Fluids, especially gases can support only
longitudinal wave motion

The linearized fluid equations in the 1deal gas approximation,

show that the density fluctuations op of air can be written :

826;,0_62 826;,0 =0 2 =0 <343/
Ot Ox ol
Alternatively, the sound wave can be expressed in terms of
pressure fluctuations :
O’ OP B o°oP ‘

0

ot* y Ox*



Standing waves in air:

In a pipe closed at one end, the

In a pipe open at both ends, the open end is a displacement

ends are displacement antinodes antinode and the closed end is

and the harmonic series contains a node. The harmonic series

all integer multiples of the contains only odd integer

fundamental. multiples of the fundamental.
b £ v

First harmonic First harmonic

Second harmonic Third harmonic

Third harmonic Fifth harmonic
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Coupling standing wave resonances in materials
with sound:

iclicker question:

Suppose an “A” is played on a guitar string.
The standing wave on the string has a frequency
(fy), wavelength (1,) and speed (c,) . Which
properties of the resultant sound wave are the
same as wave on the guitar string?
Frequency f_

Wavelength A,

. Speed c,

A-C

None of these

moow>
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coupling to
sound
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The “Doppler” effect

observer moving, source stationary

Serway, Physics for Scientists and Engineers, 5/e
Figure 17.10

S P — - Y..........| () 3 Yo L

‘ Harcourt, Inc.
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v=sound velocity

V

vt =d —v,t,
v(t2 —T)=d—v0t2
t,—t —

o

fo :fS

V+V0

V+VO
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The “Doppler” effect v=sound velocity

observer stationary, source moving

Serway, Physics for Scientists and Engineers, 5/e vt — d
1

Figure 17.11a
v(t2 —T)+VST=a’
1 V—y
t,—t=—=T—"5

)

V

12/03/2012 PHY 113 A Fall 2012 -- Lecture 35 13



The figure on the left shows a car traveling
at a velocity vp being followed by a police
car traveling at a velocity vs = 30 m/s.
The police car has a siren at frequency

fs = 950 cycles/s. The observer in the
“ front car hears the siren at a frequency of
< fo = 920 cycles/s.

(a) Is the front car moving faster or
slower than the police car?

(b) What is the velocity of the front car

Vo ?

L5 toward In this case :

.
fO_fSV—I«VS/‘/away fo=t——"

V=V,
Velocity of sound: Jo<Js =Vo>Vs
v =343 m/s Vo=V—(V—VS)Jffz40m/S
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iclicker question

Is Doppler radar described by the equations given above for
sound Doppler?

(A)yes (B) no

Is “ultra sound” subject to the sound form of the Doppler
effect?

(A) yes (B) no
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Summary of sound Doppler effect :
v+ - toward

fO:fS ><

V +— away

Doppleretfect for electromagnetic waves:

Jo=1s

v+ V, Relative velocity of source

/ toward observer
V=V,
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