Announcements 8 May 09

» Homework #13
— Written homework due in class on Monday

— Online homework due on Tuesday by 8 am
Problem 15.35: use v ,,q = 343 m/s
 Final exam
— Thu May 14 from 1:30 to 3:30 pm (see info on blog)
— Boyden gym
— Basic info and sample exam are on blog
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Chapter 16

Superposition and Standing Waves

Topics:

® Superposition

* Constructive and destructive

interference
* Standing waves

* Resonant modes of systems

* PBeats

Sample question:

How does a player get such a wide range of sounds from an
instrument as simple as the didgeridoo?
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What happens when 2 waves meet at the same point?

2 particles

(a) Pitching machines

Alan Bill

The balls collide and bounce apart.

2 waves
(b)
A Loudspeakers B
a .
=

St
Alan Bill

The waves pass through each other.
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Principle of Superposition

» Waves can pass through one
another, they can be present
simultaneously at a single
point in space

* The displacement of the
medium at a given point is the
sum of the displacements due
to each individual wave

Principle of Superposition

The displacement of the
medium at a given point is the
sum of the displacements due
to each individual wave

I m/s 1 m/s
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T'he net displacement is the point-by-point

summation of the individual wave
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Wave superposition question PRS

Two waves on a string are moving toward each other. A picture
att =0 s appears as follows:

1 m/s

1 m/s
How does the string appear att =2 s?

(a) A (b) l\ A
T 1 1] T T 1 T 1] 1] T
2 3\]4 5 6 2 03 4 5 6 7

(c) (d) N\

~

23 Nk o7 23 454/
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Wave superposition question PRS
Two waves on a string are moving toward each other. A picture
att =0 s appears as follows: I m/s
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Principle of Superposition N 1= 00s
R YZ R
* Constructive interference: 50, A
if the displacement at a Two waves approach each other.
point is larger than that from \. e
either of the two waves taken o 12 W\ 5 67

separately L Iaooets S st e o O PO
3 . r=15s
» Destructive interference: &1 2 SiF s ¢ T w
If the dlsplacement a‘t a At this munu'n!,’]‘hs net
pOlnt IS Smal |er th an th at from displacement of the medium is zero .
. ” 1=20s
either of the two waves taken /\ -
Separately 0 1 ?\”///'4 5 6 7
1 MV/S -
1=30s
5 N2/ 4 5 6 1™
s | /s
See animation Both waves emerge unchanged
http://www.kettering.edu/~drussell/Demos/superposition/superposition.html 29

Standing waves: musical instruments
What happens when you pluck a guitar string?

Boundary
Before: f\_> \

After:

-\

The reflected pulse is inverted
and its amplitude is unchanged.

Waves are created, moving in opposite directions

DEMO: Wave on a string, horizontal shive (reflection)
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Two identical waves moving in opposite directions

(a) This wave is traveling This wave is traveling
along the string to the right along the string to the left
/*\_/\/\_/\_/\/;
The superposition of the two waves
(h) The blue wave is the superposition k A J is a standing wave with the same

of |hc red and green waves. wavelength as the original waves

=7 W ﬁ ’ LT/V\/
Resultant wave NN
does not propagate,

it is “standing” e

N % Y & it has same A r\/\/\
_ DEMO: Standing wave on *r\/\/\
. W\ a string with strobe light ~"~*

Nodes and Antinodes Antinodes
1 1
! 1
« Nodes: >
points where interference z |
is fully destructive N
= medium does not move! LY
1
: : Nodes
1
i . T 1 T T T X
-Aqtlpodﬁs. o N LA I\ A
_pom S where in _er erence The nodes §nd 4dntinodes are spaced A/2 apart.
is fully constructive \ SR
émedium moves Wlth ! | ul]th::l]'l;llli:iO);hl:: maximum
maximum displacement ! : -
& intensity is maximum  ; :
1
1
I

The intensity is zero at the nodes.
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Standing Wave Modes

Standing wave on a string of length L fmun_d;memm frequency
needs to satisfy the following criteria:
» Displacementsatx=0and x=1L

must be zero at all times -

(since string is attached at both ends)
* Nodes are equi-distant with a
separation of A/2

second harmonic freq.

Standing wave has different modes of m=3
oscillation with specific wavelengths third harmonic freq.
and frequencies:
2L
= m=1,23,4,... (16.1)
m L

Wavelengths of standing wave modes of a string of length /

) v . v DEMOS: Standing wave on
e e '"(2[) m=123.4.... (16.2) 3 string + Tacoma Narrows
Frequencies of standing wave modes of a string of length / brldge (1940) 33
Fundamental frequency question 1 PRS

Which of the following changes will increase the frequency of
the lowest-frequency standing sound wave on a stretched string?

Replacing the string with a thicker string.
Increasing the tension in the string.
Plucking the string harder.

o0 ®»

Doubling the length of the string.
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Standing wave problem

A particular species of spider spins a web with silk threads of density
1300 kg/m? and diameter 3.0 um. A passing insect brushes a 12-cm-
long strand of the web, which has a tension of 1.0 mN, and excites the
lowest frequency standing wave. With what frequency will the strand
vibrate?

PROBLEM-SOLVING

MP STRATEGY 16.1

PREPARE

® For sound waves, determine what sort of pipe or tube you have: open-
open, closed-closed, or open-closed.

® For string or light waves, the ends will be fixed points.

® Determine known values: length of the tube or string, frequency, wave-
length, positions of nodes or antinodes.

® [t may be useful to sketch a visual overview, including a picture of the
relevant mode.

soLve For a string, the allowed frequencies and wavelengths are given by

Equations 16.1 and 16.2. For sound waves in an open-open or closed-

closed tube, the allowed frequencies and wavelengths are given by

Equation 16.6; for an open-closed tube, by Equation 16.7.

assess Does your final answer seem reasonable? Is there another way to

check on your results? For example, the number of antinodes gives the

mode. Does this agree?
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Standing wave problem
A particular species of spider spins a web with silk threads of density
1300 kg/m? and diameter 3.0 um. A passing insect brushes a 12-cm-
long strand of the web, which has a tension of 1.0 mN, and excites the
lowest frequency standing wave. With what frequency will the strand
vibrate?
Solve A = 2L mn

- p =1300 kg/m’
fundamental mode (m =1) has d=30um=30x10"m
longest A and lowest frequency f L=12cm=0.12m

-3

?»1=ZTL and f =" T.=10mN =10x10"N

u=9.18x10"° kg/m

T . .
-+ (see previous solution)

1 u

_3 F
e 1.0><1E)9 N —330 m/s ind
19.18x10° kg/m fi=? (form=1)

oo 3B0mls g0 h:
A 024m

wave speed on string v =
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Standing Sound Waves in a Tube
(b) Half a cycle later
Sound waves in a tUbe Of |ength L The shift between compression and rarefaction

means a motion of molecules along the tube.

Propagation of compression/rarefaction

Rarefaction  * Compression
\ K L

of the medium Y O
: J))J\J JJQ Yo 95° o
(a) At one instant o° o\ ommoy 00%
. . ° ° ° 108 90040
Compression Rarefaction % o0 9 0 o, P00 0
N L 90 o 9 0 90" 0 “00%0000
9 9000p8029 9% o 2% .0
°
0 %929%9Pp50%0 0 0 0o 597, L
@ %9090 0 © 2 JJJ
00004539459 o
o Q, o
. 0909,%0,0, °° 9,00
2 0090%% o 99 o0 0 o099

(¢) At the ends of the tube, the pressure is equal
T A
L to atmospheric pressure. These are nodes.

Standing wave forms due to the
superposition of waves reflected
from the tube ends
Open end . node At the antinodes, each cycle sees a change

from compression to rarefaction and back to

Closed end: antinode compression.
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Standing Sound Waves in Tubes

DEMOS: 2

Slide whistle 7t _
Resonance cavities fo= m(z'—l_) = mf,
Hollow tubes

m=1,2,3,4,...

Wavelengths and frequencies of standing sound wave modes

DanCing flames in an open-open or closed-closed tube
4L
Ap=—
m
. m=13,57,...
Ju = mi = mf,

Wavelengths and frequencies of standing sound wave modes
in an open-closed tube

(a) Open-open (b) Closed-closed (¢€) Open-closed
L L L

= m=> | = | =2 m=1]

< X _m=2>| X Xme: < X w=3

T X %> [X_ X %bpT X Knss
by S
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