SW.2.L1 - Solutions

Lecture 1
Standing Wave Resonance on Strings and in Tubes

Superposition of Waves
Foundation Stage (SW.2.L1)
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Warm up


https://boxsand.physics.oregonstate.edu/ph202/waves-and-oscillations/doppler-shift-fundamentals
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Questions

Act I: Superposition of Waves

Problem Statement: Which of the following mathematical expressions represents the linear superposition of two traveling waves?

odd r,,n{"by /}m/e

(1) D(Xv t) = DI(XI t) + DZ(XI t)

2 D) = (D;1(x, D) + (D,(x D)’

(3) D(x,t) = /D1 (x,t) + D,(x,t)
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Problem Statement: Two traveling waves show below are traveling at 1 m/s in opposite directions.

(a) Sketch the shape of the wave att = 2 seconds.

et

(c) Sketch the shape of the wave at t = 6 seconds.
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Act ll: Representations of Standing Wave Patterns

Problem Statement: A standing wave pattern for a string on a symmetric apparatus is shown below.

(a) Which locations on the string are oscillating with the largest amplitude?

-

(b) Which locations on the string are oscillating with the smallest amplitude?

){/l:/fI !
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(b) Which locations on the string are oscillating with the smallest amplitude?
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Problem Statement: Consider the 5 snapshots in time of a standing wave pattern on a symmetric apparatus. Match each snapshot with
the time in the cycle given what t = 0 looks like shown below.
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Learning Objectives: [1, 12, 13] Cixe
Problem Statement: Consider the standing wave patterns show below. SN ; e

R |

(a) Which are possible if the standing wave patterns are ||E|
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representing the resonant modes of a guitar string.

- ends ove
B) D/ }./ g; ¢0A @MALS

(b) Which mode will produce the lowest frequency if the
images are of the same guitar string?

B

(c) Label each possible standing wave pattern with what

harmonicit is.

st
g—% 1 Symmlo,_{c go\lu.]do«\S
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Problem Statement: Below is an open-open tube which is resonating in its 3rd harmonic. Also shown are two plots of either
displacement vs position or pressure vs position. La lots with either displacement or pressure.

(1) A = Displacement

B = Pressure
' ' - =—a—>
(2) A =Pressure i H

B = Displacement
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Problem Statement: Consider the standing wave patterns show below.

(a) Which are possible if the standing wave patterns are
representing the resonant modes for sound in an open-
closed tube?

Jdigaereat
Y

(b) Which mode will produce the lowest frequency?

A

(c) Label each possible standing wave pattern with what
harmonicit is.

st
A"> 4 19 E g‘* m é"‘“ O\/\%i, §7/an£"\4
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Act lll: Mathematical Modeling of Standing Wave Resonance

Problem Statement: You wish to make an organ for your home but are limited on the length of the tubes by the height of your ceiling.
Which configuration will give you the lowest possible frequency for the same given length?

=N
e AL

(4) All will have the same fundamental frequency.

N .22 N }\:7_],
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Problem Statement: Below is a table will 4 resonant modes for a standing wave on a string in a symmetric apparatus with length L.

(a) Fill out the wavelength column in terms of SWR Diagram Mode Wavelength Frequency

the length L. j, [ () (f)
L -

(b) Can you determine a mathematical model

that could be used to predict all resonant mode A Z L | e
wavelengths? ” ~ 1 ) "it
k = ZL ‘-.b--"----____....---"'-—“ ]

-~
™M

(c) Fill out the frequencies in terms of the
speed of the wave v, and the length of the

7 L U

2 —_—
resonator L. E— z \/
(/= -r/\. T
C- v
~
(d) Can you determine a mathematical model
that could be used to predict all resonant mode
frequencies? 2_ L 5
3 -

.
f=m =T
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Problem Statement: Below is a table will 4 resonant modes for a standing wave on a string in an anti-symmetric apparatus with length L.

(a) Fill out the wavelength column in terms of SWR Diagram Mode Wavelength Frequency
the length L. () (f)

(b) Can you determine a mathematical model
that could be used to predict all resonant ']
mode wavelengths? Ll L _,([-

1 —  h
L
N= L{m 1

—

(c) Fill out the frequencies in terms of the
speed of the wave v, and the length of the
resonator L.

(d) Can you determine a mathematical model
that could be used to predict all resonant
mode frequencies?

_ M
9 L

bot O“\Y

0dd modes
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Problem Statement: An anti-symmetric system that has a fundamental frequency of 100 Hz.
s ————

(a) Which of the following are harmonics? (b) Fill out which resonant mode the allowed frequencies are.
- Frequency Resonant mode ; L.,l
O A— l ns wndanea
(3) 400 Hz S0 200 Hz "

300 Hz xS = 1

400 Hz

500 Hz <

600 Hz

700 Hz 7

Problem Statement: A guitar string of total length 1.5 meters and mass of 2.1 g is fixed between two points 0.640 meters apart. The
tension is set to 88.1 N.

(a) When the string is plucked, what resonant mode (b) What is the linear mass density of the string?
does the string vibrate in?

(1) 0.0014 kg/m _ mass 000Uk
(1) 1%t harmonic 0.00328 kg/m M= “"j‘u" - 1.5~

@ harmonic (3) 1.4 kg/m
(3) 3" harmonic (4) 3.28 kg/m
~ ~ . _ - —
(c) What is the frequency of the sound? g \ (d) What will the wavelength of the 3rd harmonic be?
= /
(1) 82Hz (1) 0.213m A\ = %,—_‘"—

Vs
(2) 110 Hz = Pﬁm
(3) 128 Hz k Ry 0.5m A, = a _2_(0 HB
(4) 147 Hz e ) (4) 0.85m 37 s 3P
| A S AR S

(6) 247 Hz (6) 2m
(7) 330 Hz
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Problem Statement: A standing wave on a string vibrates as shown in the figure below. Which standing wave pattern is produced if the
tension is quadrupled while the frequency and length of the string are held constant.

Initial Standing Wave Pattern

E F

No standing wave pattern
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Problem Statement: Two identical strings are fixed on both ends to the same apparatus. The string A is vibrating in its fundamental

mode and it is observed that string B begins to vibrate at its third harmonic, driven by string A.

(a) Which of the following physical parameters are the same for both
strings?

_2)"Wavelength
3] Speed

(b) What is the ratio of the tension of string B to that of string A?

v= F ¥A$$0 >\3f7\a A

G B

Vi BN ° VS_G’L=_\-
, CRERE

U"f’-\-— )AA:A& !

Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints

--1: No hints.
--2: No hints.
--3: No hints.
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: No hints.

: No hints.

: No hints.

: No hints.

: No hints.

No hints.

No hints.

No hints.

: No hints.

: No hints.

No hints.

: No hints.

: No hints.

: No hints.
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