Sound and Music Name:

The Nature of Sound Waves

Read from Lesson 1 of the Sound and Music chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/sound/ul1lla.html
http://www.physicsclassroom.com/Class/sound/u11l1b.html
http://www.physicsclassroom.com/Class/sound/u11l1c.html

MOP Connection: Sound and Music: sublevel 1

TRUE or FALSE: Identify the following statements as being either true (T) or false (F).
T or F?
i 1 Sound waves are longitudinal waves.

__I7 2. Astheteacher talks, students hear the voice because particles of air move from the
mouth of the teacher to the ear of the student.

\ 3. Sound waves are mechanical waves.

T 4. All sound waves are produced by a vibrating object.
— P y g opje

1 5. A sound wave does not consist of crests and troughs.

(o7 o
Loty
6. Macis talking to Kate. The dot at A represents a )

particle of air. Describe the motion that this particle (¥ N TS
must undergo in order for Kate to hear Mac. Then RSy / s

show the motion by placing arrows on the diagram.

Foopwsy osi\\afe + burv\(a e
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7. Toshis holding orS:\e end of a slinky; the opposite end is attachdd e ' ;
to a wall. Tosh wishes to produce a longitudinal wave in the Wm
slinky. Describe how Tosh must move his hand in order to

produce a longitudinal wave. Then place arrows on the diagram
to show the way in which Tosh must move his hand.

U(,L}-— o v (”u\/\gbv“ T~ "J‘\,\,L Nl (N oA ﬂf‘{ —fe—— | Shibedians

8. Asound wave is moving through air. The diagram below represents a snapshot of the air particles at
a given instant in time. Several regions are labeled with a letter. Use the letters to identify the
compressions and rarefactions.

. -.'. . .'l" '.‘- . " .I.I . ..l. -." . |.II -.'. . |.'l'£?-' .
L L .": an an 4 an .‘.."'I:'.l Ol © '.'..
:ﬁn‘ ".gl‘ ".%l‘ ".gl' ".ﬁl‘ ".'EI'-\"
A B C D AE F 6 H I J K
Compressions: _ Py C T K Rarefactions: _[22 © (& Y’\’/\\

9. A sdence fiction film depicts inhabitants of one spaceship (in outer space) hear the sound of a
nearby spaceship as it zooms past at high speeds. Critique the physics of this film.

No ’Jp;rt'fc:\zbs N Spec & +o ?&Sf Souvnd r\
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Sound and Music

Properties of Sound Waves
Read from Lesson 2 of the Sound and Music chapter at The Physics Classroom:

http://[www.physicsclassroom.com/Class/sound/u11l2a.html
http://www.physicsclassroom.com/Class/sound/u1112b.html
http://www.physicsclassroom.com/Class/sound/u1112¢.html

MOP Connection: Sound and Music: sublevel 2
Review:
Match the following wave quantities to the mini-definition. Place the letter in the blank.
A. Frequency B. Period C. Speed D. Wavelength E. Amplitude

¢

How fast the wave moves through the medium.

D 2.  How long the wave is.
__pf__ 3. How often the particles vibrate about their fixed position.
SP)/ 4.  How much time it takes the particles to complete a vibrational cyde.
£ s

How far the particles vibrate away from their resting position.

6. A sound wave with its characteristic pattern of compressions and rarefactions is shown below. A

centimeter ruler is included below the pattern. The wavelength of this sound wave is & cm.

R - Ca L Sty L A l'll'i?"r am
. A 'J‘..'l ko ‘la'l .0 "'""':-l = ¥ 'J'."l - O e
T
|||||‘|||||l||||||“il“lI|||||||||I|||||||||II|||‘|||l|||||||l|||||||‘l|||l||||||||||||l|l|l||||I||I
0 1 2 3 4 5 6 7 8 9 10

7. Fhe pitch of a sound is directly related to the A of the sound wave.
a/ frequency b. wavelength ¢. speed

d. amplitude
8. High pitched sounds have relatively large T and small .
a. period, wavelength ’b. speed, period
»frequency, wavelength d. period, frequency
e. amplitude, wavelength f. amplitude, speed
9.  As the frequency of a sound increases, the wavelength and the period

a. increases, decreases

b. decreases, increases
¢. increases, increases

d' decreases, decreases

10. Asound wave is described as being 384 waves/s. This quantity describes the wave's )
a, frequency b. period c. speed d. wavelength

11. The speed of a sound wave depends upon the

a. frequency of the wave b. Wav;elength of the wave
¢. amplitude of the wave | properties of the medium through which it moves
12. If a person yells (as opposed to whispering), then it will cause &— .

a. air molecules to vibrate more frequently
b. the sound wave to travel faster

é Q) air molecules to vibrate with greater amplitude

13. If a person yells (as opposed to whispering), then it will cause -
a. tﬁe pitch of the sound to be higher
. the speed of the sound to be faster
the loudness of the sound to be louder

© The Physics Classroom, 2009 Page 2



Sound and Music

Name:

The Speed of Sound

Read from Lesson 2 of the Sound and Music chapter at The Physics Classroom:

©

http://www.physicsclassroom.com/Class/sound/u11l2¢c.html

When the C4 key on a piano keyboard is pressed, a string inside the piano is struck by a hammer and
begins vibrating back and forth at approximately 260 cycles per second.
a. What is the frequency in Hertz of the sound wave?

2Ot 2

b. Assuming the sound wave moves with a velocity of 345 m /s, what is the wavelength of the
wave? PSYW ‘
345720« N

An automatic focus camera is able to focus on objects by use of an ultrasonic sound wave. The
camera sends out sound waves that reflect off distant objects and return to the camera. A sensor
detects the time it takes for the waves to return and then determines the distance an object is from

the camera. If a sound wave (speed = 345 m/s) returns to the camera 0.115 seconds after leaving the
camera, how far away is the object? PSYW . 4 =veC
a 3

< i .
A =245 O US = 2, ((7/ %N ‘Ls—m«"\

L —

I _ -
| dstzace aoas T L 89
Miles Tugo is camping in Glacier National Park. Tn the midst of a
glacier canyon, he makes aloud holler. The sound (v =345m/s)
bounces off the nearest canyon wall (which is located 170 meters away
from Miles) and returns to Miles. Determine the time elapsed
between when Miles makes the holler and the echo is heard. PSYW . 170 m

d=u y A= 1A02 D e * [ I P N )
jtto — '5 Lfg . b JC — C\’;. C\\ cec .

Suppose that sound travels at a speed of 345 m/s on the evening of a thunderstorm. There is a
lightning strike some distance from your home. The light reaches you nearly immediately. Yet the
thunder is heard 3.5 seconds later. How many miles from your home did the lightning strike? (1609
meters = 1 mile) PSYW é ~J “

A male vocalist with a bass voice can sing as low as 85 Hz. Given that the speed of sound is 345
m/s, what is the wavelength of the sound waves? PSYW

u= S £ =
245 = N-%S WL{OQN\
A female vocalist with a soprano voice can sing as high as 1000 Hz. Given

that the speed of sound is 345 m/s, what is the wavelength of the sound

waves? PSYW
4SS =
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Sound and Music

The Doppler Effect
Read from Lesson 3 of the Sound and Music chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/sound/ul113b.html

MOP Connection: Sound and Music: sublevel 4

1. TRUE or FALSE:

Ken Fused is standing on a corner when a police car passes by with its siren on. Ken hears a
different pitch when the police car is approaching him than when it is past him. Thisis

t&&:cause the siren on the front of the car is set to a higher pitch than the siren on the back of
€ car.

X Talse

Describe the real reason Ken Fused observes what he does.

)’ 10¢ - sada IS pr—
(/){i\e/ bf(7é0+ - S[ire ‘*(‘c;\fd\;; ¢ 4o c,c,.\f\,_,ngg " __1_(
e ¢ Saans '\chuo"uaﬂj-\w\& . Cppos )
3. TRUE or FALSE:

( e 7 (O,:'f"f‘xz( J"S

Lo\
The Doppler shift is a phenomenon that is observed only of sound waves.

Explain your answer:

Voo Fzlse = (en «@ Lo Q:J-f(f— Evidience d on Wig~ (o
>N o AL ) g [ —~ ) ‘/
oA\ VAL e e A - o
4. TRUE or FALSE: ) . Ve f) A4S ne s / %T(/‘er.f.g
As the source of a sound approaches an observer, the loudness of the sound increases. This
is an example of the Doppler Shift.
Explain your answer:

ot — (ando
Fol<< ! (‘@?J/U/( 6’/@[‘4’@3 ‘Z_,U» Ve—//\(a

An automobile is traveling away from Jill and towards Jack. The horn is honking, producing a sound

wave consisting of the familiar pattern of alternating compressions and rarefactions which
travel from their origin through the surrounding medium.

The dircles on the diagram at the right represent wave
fronts; you can think of the wave fronts as the
compressions. Observe that the compressions are closer
together in front of the car compared to behind the car.

5. Towards which person do the sound waves travel the
fastest?

a. Jack b.Jill @oth the same. . M4_.A-* ow\
S et L
Ao will hear the highest frequency? L5t ‘3
ack b.Jill c. Both the same.

The Doppler effect can be described as the difference between the
frequency at which sound waves are produced and the frequency at

This is the
which they are observed by the hearer. It occurs when the distance e i
between ﬂ):\e source of a sound and the observer is changing. As the ' ;%h @ AT
source approaches an observer, theebsgrver hears the pitch (or e ‘
frequency) to be (highep, lower). As the source gL il
moves away from an observer, the obseeyeshears the pitch (or
frequency) z’o be (higher, '3}'@ pitch( Idea

© The Physics Classroom, 2009 Page6



Sound and Music N
ame:

Resonance

Read from Lesson 4 of the Sound and Mausic chapter at The Physics Classroom:
http://WWW.physicsclassroom.com/Class/soundlu1114a.html
http:l/www.physicsclassroom.com/Class/sound/u1114b.html
http://www.physicsclassroom.com/Class/soundlulll4c.html
http://www.physicsclassroom.com/Class/sound/ulll4d.html

MOP Connection: Sound and Music: sublevel 5
1. Define or describe the significance of the following terms:
a. Natural frequency: ﬁ/ivzﬂ(/‘d een o\ject O\
Ot URCeghren it o Wﬁ'r‘ted
b. Forced vibration: .
e vibration ’Mqve«\c-\j an objeA &
Made YO Ulorate
¢. Resonance: ‘g(
L‘I uein C-Q wiheey—€

'gvv’w / (oy\gmbh\(& ‘l/\, “"M,{rﬂ,\[(},{\(-‘(

2.  Three pairs of wooden dowel rods are mounted on a wooden
platform. Small plastic cylinders are attached to their ends; the
| excie cylinders are colored red, green and blue. Each pair of dowel

1 ex & - 5 Skerods has a different length. One of the red cylinders is pulled
9 $¢ ¢ back and let go of, causing it to begin vibrating back and forth

with one complete cycle every two seconds. The natural
frequency of this doyel rod is Hz.
a. 0.25 b~ 0.50) c 10 d. 2.0
As the red cylinder vibrates, it forces the other red cylinder to vibrate. This occurs because the two
cylinders have the same saatwea ) (¥agqeC (A (color, composition, natural frequency). When two

objects vibrate together like this _ ¢ se0a™ L is occurring.

3. When a tennis racket strikes a
tennis ball, the racket begins to
vibrate. There s a set of selected
frequencies at which the racket will
tend to vibrate. Each frequency in Py
the set is characterized by a
particular standing wave pattern.
The diagrams below show the three
of the more common standing wave
patterns for the vibrations ofa
tennis racket. In each diagram,
hash marks are placed at the
positions of all nodes and -
antinodes; label these nodes (N) Pattern A Pattern B Pattéern C
and antinodes (AN).

Compare the wavelength of pattern A to the wavelength of pattern B. Make your comparison both
qualitative and quantitative. Repeat for pattern C.
e = | A

)\ﬁ -%\}‘ AA-_D__AB (<,>9) M _] A (&>, g X
A’A’—'é_ * )"B (21 3141 etc.) XA=_1:i_. )\'C (2,3, 4, etc.)

When the racket vibrates as in pattern A, its frequency of vibration is approximately 30 Hz.
Determine the frequency of vibration of the racket when it vibrates as in pattern B and pattern C.

fg= QQ Hz fc= i’lO Hz

Tiiiiy 1)

2

© The Physics Classroom, 2009 Page 7



Sound and Music

4. Inarare moment of artistic brilliance, Mr. Henderson
pulls out his violin bow and strokes a square metal
plate to produce vibrations within the plate. Often
times, he places salt upon the plates and observes the
standing wave patterns established in the plate as it
vibrates. Amazingly, the salt is aligned along the

- locations of the plate that are not vibrating and far from ae”
the locations of maximum vibration. The two most e
common standing wave patterns are illustrated at the Pattern A Pattern B
right. Compare the wavelength of pattern A to the .
wavelength of pattern B. Place dots along the edge of the plates at all nodal (N) and antinodal (AN)
positions; label these positions with an N and an AN.

When the plate vibrates as in pattern A, its frequency of vibration is nearly 4 90)0 Hz. Estimate the
frequency of vibration of the plate when it vibrates as in pattern B. _é‘(/ C _Hz

V> L2

5. A guitar string has a set of natural frequencies at which it vibrates. Each frequency in the setis
characterized by a standing wave pattern. The standing wave patterns for a guitar string are
characterized by the presence of nodes at the end of the string (where it is clamped glown). Each
standing wave pattern (and its corresponding frequency) is called a harmonic. The first harmonic s
the lowest frequency in the set (sometimes termed the fundamental frequency), follgwed by the
second harmonic, third harmonic, etc. Draw the standing wave patterns for the first, second, and
third harmonics of a guitar string.

13t Harmonic 2nd Harmonic Zrd Harmonic

/ N O
L=3> N \_/

L= > =2
Compare the wavelength of the 1st harmonic to the wavelengths of 2nd and 3rd@harmonics.

M _i_)\.z (<,>,=) )\1_.)_).3 (<,>,2)

M= ) e (2,3,4,etc) A= S e A3 (2,3,4,etc)

Compare the frequency of the 1st harmonic to the frequencies of the 2nd and 3rd harmonics.
f2 7 f1(>2) f5 7 f11>9)
f2 = _L'.Qg— o fl (21 3/ 4, etc-) f3 = -,f;_._ o fl (2, 3, 4, etc.)

When the guitar string vibrates in the first harmonic ("fundamental frequency"), its frequency of
vibration is approximately 200 Hz. Determine the frequency of second and third harmonics.

fp =_4CU Hz f3 = L(TO Hz

6. Use the diagram below to compare the distance between two adjacent nodes on a standing wave
. pattern and the wavelength of a wave. Write a sentence comparing these two distances.

. Distance betvweennodes | L, Length of a wave {(wavelength) |

el —

LN
s bz e W\Jum codes & s S

8
© The Physics Classroom, 2009 Page
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Sound and Music Name:

Resonance and Guitar Strings

Read from Lesson 5 of the Sound and Music chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/sound/u1115a.html
http://www.physicsclassroom.com/Class/sound/u1115b.html

MOP Connection:

Sound and Music: sublevels 6 and 7

Review

1. Standing wave patterns consist of nodes an
to be stationary are known as _j\ o C{L S . They are points of no displacement. The
positions along a medium that are undergoing rapid motion between a maximum positive and
maximum negative displacement are known as_@ s\t ©& ¢ 5 They are the opposite of the
points of no displacement.

Use the diagram below to compare the distance between two adjacent nodes on a standing wave
pattern and the wavelength of a wave. Write a sentence comparing these two distances.

| Distance betweennodes | L Length of a wave (wawvelength)
s

O R

\, \ - -
. e 2 ; ( S
(L/\&g €N\ & gy&._ i) YN Y\ < w

A PRT g BN
. . z-
Resonance in Strings:

N
|

c—

3. Draw the standing wave patterns for the first five harmonics and complete the equations.
Harmonic # Standing Wave Pattern A > L L > A
‘ . ¢
1 /‘\ L = 2 A A= y ! L
L= l A | A= | L
2 N LT — =
; \ —
> 2
3 /\ ) /’\ L =_Q___ A A =;7————— L
7 O
\‘-/ P
’ A
4 /\ L = (_D’ A A= L
/\\—/, —| ——
/\ /\ L 5 x |a= 2 L
5 /N e | L
VAR YA 5

© The Physics Classroom, 2009
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Sound and Music

4. Determine the wavelength of the ...

a. .. wave in this 1.3-meter long string. b. ... wavein this 85-cm long string.
I X =L =13 1 SXs =L = FSem
X 78 ¢Sm = 50 (pFen~
c. .. first harmonic wave pattern fora 78.5- |d. .. fifth harmonic wave pattern for a 1.05-
cn long guitar string. m long guitar string.
2 = L Aa- |§7cw\3 O
Ly HY Semn ShHox T losm A7 0.Y2m

Use the wave equation and your standing wave patterns to solve the following problems. PSYW

5. A guitar string with a length of 80.0 cm is plucked. The speed of a wave in the string is 400. m/sec.

Calculate the frequency of the first harmonic. PSYW
) . o L=422
VIR R A
L(OOV"‘ _ . lO ()lgl"\: 7_)‘
2 fa b~ =1l

] £ 2501, )

6. Calculate the frequency of the second and third harmonic for the string in question #5. PSYW

20d = £ o2z 04n-§ A2 0.8% 1.5x
L= e m N2.553m
YF A L,/——-——’Z“J vz L5
harmonic = 294 Hz) is sounded out by a vibrating guitar string. The

7. Apitch of Middle D (first
length of the string is 70.0 cm. Cal

Q— rF? a4t
S APPSR (T (LT R R I 'S 4

= ‘_H(V‘

culate the speed of the standing wave in the guitar string. PSYW

8. A frequency of the firstharmonic is 587 Hz (pitch of Ds) is sounded out by a vibrating guitar string.
The speed of the wave is 600. m /sec. Find the length of the string. PSYW

@ \)ZQ")\ L:‘:ZI(I.O'Z?""B
— OV S AR
\-—’(;)\ A:-wZ?N\. { L';()'

ch a manner that three equal-length segments are found to be vibrating up
in 20.0 seconds. Waves travel at speeds of 26.4 m/s in the rope.

9. Arope is vibrating in su

and down with gﬁl cc;lri\plete cydei{w
What is the length of the rope? PS o ™
22\ cuceS V’l%‘/S qu'>\
22\ eqeres = | . )5M
; 2, C—
20 8% 926,42 = 1bosk: N

Nz |y
| = Lox

© The Physics Classroom, 2009
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Sound and Music Name:

Resonance and Closed-End Air Columns
Read from Lesson 5 of the Sound and Music chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/sound/u1115a.html
http://www.physicsclassroom.com/Class/sound/u1115d.html

MOP Connection: Sound and Music: sublevels 10 and 11

Review
1. Standing wave patterns consist of nodes and antinodes. The positions along a medium that appear
to be stationary are knownas _{\¢s(\¢ S . They are points of no displacement. The

positions along a medium that are undergoing rapid motion between a maximum positive and
maximum negative displacement are known as_&. X\t~ c-Ac¢S . They are the op‘posne of the
points of no displacement. Each consecutive node is separated from each other by —- A

Resonance in Open-End Air Columns:

2. A closed-end air column is a column of air (usually enclosed within a tube, pipe or other narrow
cylinder) that is capable of being forced into vibrational resonance. One end of the column is closed
to the surrounding air and the other end is open to the surrounding air. Air at the open end of the
column is able to vibrate back and forth; this end forms a vibrational _ (G £ =3 &A & (node,
antinode). Air at the closed end is NOT able to vibrate back and forth; this end forms a vibrational

fatoYe N (node, antinode).
3. Draw the standing wave patterns for the first five harmonics and complete the equations.
Harmonic # Standing Wave Pattern h —= L L > 2
) o
A *"'! L
3 A= ,Lf- L
>
5 r=_F L
7 A= ....L-L L
.4‘—
; B - 9
AT e ) (A
: ey
=L I 7 Luide b9y 3 g b9
4. Determine the f-requengr/oéiti{.:.—2 N ;l—z L - A":’_ 2 ?\/\u \Ae ¢ H
a. ... third harmonic for an air column whosé firé harmonic fr§Que cy is 262 Hz. ? 9§ ({7 2.

b. ... first harmonic for an air column whose fifth harmonic frequency is 1700 Hz. __s,?z(;/‘_otLZ:
9 A A B
¢. ... fifth harmonic for an air column whose third harmonic frequency is 984 Hz. \ mJi 1 1+=

... next highest frequency for an air column whose fundamental frequency is 210 Hz. H2c -2

‘79\.\4\/‘\6&9— bj g (\’W\k‘\e\kj &Q\j § lq \s’r{'\%rw\w\TC

-

G . = naxt 3 2ad Hrimonte
2

SO A
© The Physics Classroom, 2009 Page 13



Sound and Music

6. Determine the wavelength of the ...

IS L it

D _ B
7. The Test Tubes have a gig in the local park this weekend. Thelead instrumentalist uses a test tube " N, \__

a. ..wave in this 35-cm long air column. b. .. wavein this 56-cm long air column.
L= .15 X L= 2.25 %
5 357 K55 ] o= 2SR = 1230 5
¢. .. first harmonic wave patterni for a 32-cm {d. ... fifth harmonic wave pattern for a 1.20- %
closed): meter long air column (closed). 5 §
P it b E08807— 3= T Lo meterlong e e | 2 |
o — & ,L §
% L= N 31750) — |
|
E
|
I

|
(closed end air column) with a 17.2 cm air column. The speed of sound in the test tube is 340 m/ sec. !
Find the frequency of the first harmonic played by this instrument. PSYW )\ = _—'i ( j 2)
L=y VR S
\ 12 2L 60 7 _ P
' 2eme = 5 B 3403 Lpen o NT 0. A6m

_ N IV-YTET: YT
(D= (:Q.¢ \ . ;L]CT |TH 2
8. A dosed end organ pi’p“é‘(ir&*&seémgﬁé&uée a mixture of sLoﬁﬁr;ds.“The tlzi'rdandﬁfthharmonics in
the mixture have frequencies of 1100 Hz and 1833 Hz respectively. What is the frequency of the first
harmonic played by the organ pipe? PSYW ¥ 7. /. 415
(Y el s 35 '

5 N N enaes 53 5 C-280 L
= = ' o 4 4 W . £ fely,
9.  Pipin’ Pete and the Pop Bottles is playing at Shades next weekend. One ofthepop b

ottles is capable of
sounding out a first harmonic of 349.2 Hz. The speed of sound is 345 m/ sec. Find the length of the
air column. PSYW 3

245 = 38N 0N n
=0 90w 7 LT

10. The sound produced by blowing over the top of a partially filled
soda pop bottle is the result of the closed-end air column inside of the
bottle vibrating at its natural frequency. Keri Atune uses four bottles
(labeled A, B, Cand D) with varying amounts of water (and thus, air)
in order to play a song. Express your understanding of closed-end
resonance by filling in the table below. (The speed of sound in the air

columns is 345 m/s.) i sl s

Bottle | Length of Column (m) Wavelength (m) Frequency (Hz) Speed (m/s)
A 0.060 VAN = ) AR LTS 345 Ms =2y £
B |L=th=0 275 O 94Am 708 5 PSS )
c |l=x=0.1lm 0.640 $239 003K, 345 HE=Ch - £
D 0.200 L7 2% = 0 gon 4%). 25 Ha 345

© The Physics Classroom, 2009 Page 14



Sound and Music Name:

Resonance and Open-End Air Columns
Read from Lesson 5 of the Sound and Music chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/sound/u1115a.html
http://www.physicsclassroom.com/Class/sound/u1115c.html

MOP Connection: Sound and Music: sublevels 8 and 9

Review

J 1. Standing wave patterns consist of nodes and antinodes. The positions along a medium that appear

to be stationary are knownas_N\c de S . They are points of no displacement. The
positions along a medium which are undergoing rapid motion between a maximum positive and
| maximum negative displacement are known as _&v\t1 ~\ (> &e S They are the opposite of the
points of no displacement. Each consecutive node is separated from each otherby /2 A

R

2. Define fundamental frequency: N
AL - ) v O o AL g WS v T
& &y &\/U‘(\,u\( o wheve & AdTencH T
\) "é)vl MC_//
Resonance in Open-End Air Columns:

3. Anopen-end air column is a column of air (usually enclosed within a tube, pipe or other narrow
cylinder) that is capable of being forced into vibrational resonance. Both ends of the column are

open to the surrounding air. Air at the ends of the column is able to vibrate back and forth. Thus,
these ends form vibrational (nodes, antinodes).

Draw the standing wave patterns for the first five harmonics and complete the equations.
N

XAy — o
. !\0 o) g’Harmonic# Standing Wave Pattern A > L L >
%/ Y - - — —L 9
g —— 1 o= a |a= L
2 L= U o |a=_ L
2 "
3 L= 2 A A= / 79; L
‘ A
4 L= 2 A |[A=_=2 L
=
2 PN
X =
5 = = ——
\5 ,l\/ L=_93 » |A=_x¢ L
} / ,1; ’
\
(77
3 \, a

, 7 5. J-Eetermine the frequency of the .... < *2.
. @ >‘9 . ... third harmonic for an air column whose first harmonic frequency is 384 Hz. \ \

W\y@ b. ... first harmonic for an air column whose fourth harmonic frequency is 1296 Hz. _77)2 “ H Z
‘l")" 09(\ C. ... third harmonic for an air column whose fourth harmonic frequency is 528 Hz. :1/ 6‘ Lo t I
5 o

Page 11
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Sound and Music

6. Determine the wavelength of the ...

2. wave in this 63-cm long air column. b, ... wave in this 85-cm long air column.

> X

‘-A::VBC—M 2N =L = € Sc

[XAoc) = 25

C. .. first harmonic wave pattern for a42.5- |d. .. fifth harmonic wave pattern for a 1.40-
cm long air column. m long air column. QeGnz )

i R P
y= -~
pa Yﬂj—iﬂu'\"_—.
1 XN* ?SLM\

Use the wave equation and your standing wave patterns to solve the following problems. PSYW

7.  Stan Dinghwaives is playing his open end pipe. The frequency of the second harmonicis 88? Hz (a
pitch of As). The speed of sound through the pipe is 345m /sec. Find the frequency of the first
harmonic and the length of the pipe. PSYW

£ 252 =k —

. 2ysz= ) &82h2 =T
cp2rk, 2

Y : )\’;L)rg(}/’f\
'Q'i ;L’H’HZ

8. A flute s played with a first harmonic of 196 Hz (a pitch of G3). The length of the open-end air
column is 89.2 cm (quite a long flute). Find the speed of the wave resonating in the flute. PSYW

)£ =Gty = N
Azl N Az He(Ger:> = 5H9 ,(c(ﬁ%
L= €G2¢0™ T30 A x =\ A e
9. Find the length of a flute that would resonate at 262 Hz on a day when the speed of sound in air is
345m/s. PSYW \ = gqg%\ ’g"; 22%, let's <Sheet ,é,( /54 %armof“h(’
=0  yex.{ =202
=4 X ANT 1L 22~

> Lzﬁi(\kgtpwb W

10. Find the frequency of a 63.8-cm long open end aIf coftumiT
that resonates as shown in the diagram at the right. The
speed of sound in the air is 345 m/s.

NSBASE |03 e
3455 :qc,@ A1)
$-00 Fo s
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Sound and Music N
ame:

. Resonance and Closed-End Air Columns
ead
ad from Lesson 5 of the Sound and Music chapter at The Physics Classroom:

http:/ /WWW-physicsclassroom.com/Class/sound/ulllSa.html
httPillwww.physicsclassroom.com/Class/sound/ulllSd.html

MOP Connection: Sound and Music: sublevels 10 and 11
Review

1. Standing wave patterns consist of nodes and antinodes. The positions along a medium that appear

to be stationary are knownas_c.odo s . They are points of no displacement. The
positions along a medium that are undergoing rapid motion between a maximum positive and
maximum negative displacement are known as g ) roodes . They are the opposite of the
points of no displacement. Each consecutive node is separated from eachotherby _'/2 A

Resonance in Open-End Air Columns:

2. A qlosed-end air column is a column of air (usually enclosed within a tube, pipe or other narrow
cylinder) that is capable of being forced into vibrational resonance. One end of the column is closed
to the surrounding air and the other end is open to the surrounding air. Air at the open end of the

column is able to vibrate back and forth; this end forms a vibrational A0 O AL S (node,
antinode). Air at the closed end is NOT able to vibrate back and forth; this end forms a vibrational
N AN (node, antinode).

3. Draw the standing wave patterns for the first five harmonics and complete the equations.

Harmonic # Standing Wave Pattern A > L L —> A
1 I L=_\/j_x N
3 L=_i/ﬂ_x % = 5 ,{% L
i Lo/ s x=_L‘_/§_L
7 L=_1/_€Lx 7\=__L‘_4,_-J£L
9 L=__%_)» x=_u/1L

" ol :‘*LI ﬂ}\{s';:_faﬁ 3 x3
4. Determine the frequency of the ..., S T 3L —_ _
a.e... third harmorc\lic for};n air column whibse first harmonic frequency is 262 Hz. ?8 btz

: { '
b. .. first harmonic for an air column whose ﬁ& haAr‘mor\ﬁc frequency is 1700 Hz. 34O H 2

<\\/{CV\Q..\OQ/>S‘ . ‘(0‘—}0%4
c. .. fifth harmondii for an air column s\/vhose third harmonic frequency is 984 Hz. T 2
L9 A - & A S ) ]
d. ... next h?é;:est fre&&?nc% fo‘.;\:n ai(;' co um?\ whose fundamental frequency is 210 Hz. 420 H 2

L v -~
\S \,\ar‘n\on{o 1 2V\A Vurr o &

So x 2
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Sound and Music

6.

Liﬁ\
8.
9.
10.

Determine the wavelength of the ...

a. .. wave in this 35-cm long air column, b. .. wave in this 56-cm long air column

-3

L=\25SA | 7 L= h3+s X
S5cm = 125 x Q:?lga“i Sl |+ 75 N

¢ = ﬁrst‘harmonic wave pattern for a32-cm [d. ... fifth harmonic wave pattern fora 1.20-
long air column (closed). _____meter long air column (closed).

‘/

A\

=1 32-i XL ]
L= UXx=128cn | L=5, 1278, [>=09¢

The Test Tubes have a gig in the local park this weekend. The lead instrumentalist uses a test tube
(dosed end air column) with a 17.2 cm air column. The speed of sound in the test tube is 340 m/sec.
Find the frequency of the first harmonic played by this instrument. PSYW

L= % V=6 N =395

‘ 3@ =L
e T S0z fbesm 2994

A= 0.
A closed end é;'gan pipe is used to produce a mixture of sounds. The third and fifth harmonics in
the mixture have frequencies of 1100 Hz and 1833 Hz respectively. What is the frequency of the first

harmonic played by the organ pipe? PSYW lloo kz iggggz _ ‘? —_ 3(06 (yH
2 = 7 e

Pipin’ Pete and the Pop Bottles is playing at Shades next weekend. One of the pop bottles is capable of
sounding out a first harmonic of 349.2 Hz. The speed of sound is 345 m/sec. Find the length of the

air column. PSYW _‘\,‘ “23yG 2% N = 34574

TESERIN . _,;
. = gl . 7 4 S
>:0qqﬂ\<_%ﬂ> L=0.247

The sound produced by blowing over the top of a partially filled
soda pop bottle is the result of the closed-end air column inside of the
bottle vibrating at its natural frequency. Keri Atune uses four bottles
(labeled A, B, C and D) with varying amounts of water (and thus, air)
in order to play a song. Express your understanding of dosed-end
resonance by filling in the table below. (The speed of sound in the air

columns is 345m/s.)

Bottle | Length of Column (m) Wavelength (m) Frequency (Hz) Speed (m/s)
A 0.060 (3, 24 e~ 14375 #2 345
B B 725 O.49~ 708 345
C ARV 0.640 S 39.0¢3H» 345
D ~ 0200 6.5 L= |25 He 345

© The Physics Classroom, 2009

@ %UY\AL‘LWH\\ GMVVQNG‘ L8
=k

It

2C/V\



