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64 Frequency and Wavelength of Sound
6.4.3 Determining the Wavelength of Soung Sio
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Standing longitudinal waves may be understood by analogy to standing tr

waves as occur in vibrating springs or ropes. In Part 1 we will examiie a:lsv;.rse
transverse waves, and in Part 2 we will determine the wavelength of s 5 C;m Ing
standing longitudinal waves in an open pipe. & ound using
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Part 1. Standing transverse waves: Secure one end of a wave demonstration spring
or rope to an immovable object and move the other end in an oscillating fashion, as
illustrated in Figure F. Some portions of the rope will appear to stand still (nodes),
while other portions move rapidly back and forth (loops). In an open pipe such as
a trumpet or trombone (Figure G), air molecules oscillate (move back and. forth)
tapidly at the loops, but not at all at the nodes. The fundamental mode is defined as
the mode in which only one node exists (Figures F and G) and represents the low-
- fl'equency, or tone, the instrument can produce. Move &e free end of the' rope
More rapidly. When two nodes appear, the third harmomc has been estabh?lf\ed
Figures H and I). A “harmonic” is a whole number multiple of the fundamentad re-
quency and can be generated given the same string or tube length as that gfﬁn :rcl;
g the fundamental frequency. The pitch produced by a nonelectr.orucrlen;eS ment
> Mever pure, but contains one or more harmonics. These harmonics ? er rc})) oSt
e for the “quality” or “timbre” of a sound. Increase the frequency © p

Sprj : . : th harmonics are produced.
lel);tm g again until first the fifth and then the Sever;nerate a “whooshing” sound

‘N carefy]] d notice that the loops in the rope & : e
the HOdéirelm:iil;ielent. Draw pictures of both the fifth and seven

i in each.
168 for 5 Spring and an open pipe, identifying the nodes and loops
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Part 2. Standing longitudinal waves: Like the transverse waves in Part 1, standing
sound waves also develop quiet nodes and noisy loops. The closed end of a tube acts
like the fixed end of a rope, reflecting waves back toward their source. If the length
of the tube is one quarter the wavelength (1/4 4) of the sound, a loop will appear at
the mouth of the tube, just as a loop appears in your hand in the fundamental mode
of an oscillating rope or spring (Figures F and G). At this loop, there will be a maxi-
mum oscillation of particles, just as there was a maximum transverse oscillation of

<1/4A i

fundamental
mode

third
harmonic

© 1994 by John Wiley & Sons, Inc.




© 1994 by John Wiley & Sons, Inc.

6.4 Frequency and Wavelength of g, urid

the rope. Consequently, the soung will reach ) 411

said to resonate or reverberate, 4 Maximum volume and the tube is
 Ll8e A IAd e 5D St 2 section (length > 50 ) of prox

(diame e cm) and immerse in an upright position lexiglas, PVC, or ABS pipe

der or other deep container. Hold 4 Vibraﬁng middle-C In a large graduated cylin-

the cylinder (.Flgure 1)) apd slowly raise the pibe unED (261.6 Hz) tuning fork above

of the sound increases significantly (Figy It resonates and the amplitude

tionship between frequency and wavelength

tion states that v = fA. Knowing this, calculate the
7 d s
fork. Is the speed of sound dependent upon its &eqiziecy?Of sound for each tuning

Note f l A
(i/5) (4xL) {250
C 261.6
D A
E | 36 | ]
| F 3492 ]
G | 320 |
A 4400 |
B 4939 |
C 5233
Questions

i i ultiplied by its frequen
(1) The speed v of sound is equal to its wavelength multip by quency
v = ff Calculate the speed of sound produced by three tuning forks. Is the

speed of sound dependent upon its wavelength ? Explain.

(2) How can one determine the fundamental m(.)de? N 1
(3) Does the pitch increase, decrease, or remain the same as the wave ength

increases? ing in a stairwell or shower, you ma
(4) If you have ever hummed while standing in 2 s " ibrate. Ex| fam why
have noticed that certain frequencies cause the walls to vibrate. Exp y

and when this will occur.



