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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Combinations of waves (“superposition”)

Note that :

sin A+sin B =2sin[%(4+ B)]cos[% (4 F B)]

T (5:0) = ¥, sin[zn[%ﬁj Vi (5,0)= 3, sin(zn[% ﬁD

“Standing” wave:

(2
Vrigne (1) Y1 (X,8) = 2, s1n(Tnx] cos(2nft)
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sin A+sinB = 2sin[% (A + B)]cos[% (A ¥ B)]
“Standing” wave: 2
Voig (50) + Y, (x,8) = 2, Sin(TJ COS(Znﬁ)

iclicker exercise:
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.
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Standing wave solutions to the wave equation : ZTy - ==
. (2mx
Fsaning (X,1) = Asin| == cos(2nft)
0*Y yanai
Check : M =—(2nf) Asin(2—m) cos(2nft)
ot A
0%V i oY 2mx
Check : ——X0de — _| 22| 4sin| == |cos(2nft
Ve 28] i 22 Joos(2m1)
Gy 20
2

o c F ! sin(szj cos(21tﬁ‘{(2nf)2 - (2%} j =0

Equality satisfied iff fA=c
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Standing wave form: A4 sin(%)cos@nﬁ)
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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.
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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 equationsin theideal gas approximation,
show that the density fluctuations dp of air can be written :

2 2
T _ 20 _ =20 < 343m/ s

ot ox Lo
Alternatively, the sound wave can be expressedin terms of
pressure fluctuations :
PP, %P @

¢ =0
ot ox
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Standing waves in air:

a2
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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 (A,) and speed (c ) . Which
properties of the resultant sound wave are the
same as wave on the guitar string?

. Frequency f

. Wavelength A

. Speed ¢,

. A-C

. None of these

moow)»
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coupling to
sound
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The “Doppler” effect v=sound velocity
observer moving, source stationary
Sorway Py i Shcntts 5 Engnses. e
) vt =d—v,t,
v(tz _T): d—=vt,
— i R \ \ 1 v
t,—t,=—=T
fo v+y,
v+
fo=fs—=
v
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The “Doppler” effect v=sound velocity

observer stationary, source moving

Sam e o Sclras na hgnaas. vt = d
s = v(t,-T)+v,T=d
/ i 1 v—v
fr"l tzitlzi-:Tié
Obferver/B Jo v
8 v
o e Jo =15
Vs 2 V=g
Summary
toward

(a) War
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The figure on the left shows a car traveling
velacity vo being followed by a police
= 30 m/s.
t frequency
erver in the

20 cycles/s

Je

(a) Is the front car moving faster or

slower than the police car?
(b) What is the veloeity of the front ear

— toward  In this case :

o N V_T__Vs/away fa = fs %
N
Velocity of sound: Jo<Js =V > v
v, = v—(v—vs)f—o ~40m/s

v=343 m/s I
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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 :

Jo=1s

vtp— toward

V+3——away

Doppler effect for electromagnetic waves:

Jo=1s

v+7vy, ——— Relative velocity of source
R toward observer

V=V,
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