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Abstract

When a sounded tuning fork is held with its lower end in contact with
a solid it is erroneously assumed that the vibration transmitted to the solid hasg
same frequency as the vibration frequency of the prongs of the fork. Experi-
ment shows that the vibration transmitted most effectively has a frequency
twice that of the prongs. A theoretical analysis is presented which shows that
the prongs vibrate longitudinally, the Fourier componenis of this longi-
tudinal mode has only even harmonics of the prong frequency, the most
Intense being the second harmonic.

When a sounded tuning fork is held rear the ear, the frequency of the
note heard is the frequency of vibration of the prongs. The frequency marked
on a commercial tuning fork is this frequency. However, in certain experiments
the lower end of the sounded tuning fork is kept in contact with some instru-
ment and the vibration (forced or resonant) transmitted by the fork is taken
as the frequency of vibration of the prongs. Sonometer experiments in the
elementary physics laboratory, tuning of musical instruments and some experi-
ments 1n physiological acoustics frequently utilizes the above method. We
have noted that when a sounded tuning fork of frequency { (frequency of
vibration of the prongs)is held with i1ts lower end in contact with a soild object
the vibration most effectively transmitted to the solid has a frequency 2f but
not . Also the other odd harmonics of the prong frequency are almost en-
tirely absent in the transmitted vibration. This fact can be demonstrated simply
by connect'ng a microphone to a oscilloscope. When the prongs of the vibrat-
ing tuning fork is held near the microphone the oscilloscope indicates a fre-
quency f. However, when the lower end of the fork is held in contact with the
microphone the frequency indicated is 2f. Although the presence of second
harmonic in a tuning fork used in the manner we have described is noted by
other warkers! we have not found an explanation of the effect in literature.

In this work we present an extremely simple theoretical analysis which
justify our observation. That is when the prongs of a tuning fork vibrates,
the tuning fork as a whole undergoes longitudinal vibrations, the Fourier
components of this vibration has only even harmonics of the prong frequency,
the most intense being the second harmonic.

Fig. (1) indicates a displaced position of the prongs of a symmetrically
vibrating tuning fork (the phase of harmonic motions of the two prongs differ
by m, if the amplitudes of the prongs are same then the motion of the prongs -
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Fig. 1. Symmetrically vibrating tuning fork

are symmetrical). Let G,, G, and G, be the centre of masses of the portions
AB, CD and AFCE of the fork. Lct AB=CD=2b, FGy=¢;, GyE=c,, AC=2d
M, the mass of a prong (portion AB or CD) and M, the mass of the portion
AVFCE. The frame YOX i3 fixed with respect to the centre of mass of the fork
and let the lower end E of the fork be at a distance y above the axis OX at
time t. When the prongs vibrate we have,

0 =0, sin wt, (1)

where w = 2m{ and 0, = constant. The linear momentum of the fork 15 con-
served for impulsive motion of the fork. Applyving the law of conservation of
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linear momentum with respect to centre of mass frame in the Y direction we
obtain,

»

d
2M1-af£(bcose+cl+cz+y)+M (v 4+ ¢,) = (2)
2
or, V= 2M1\illjlli/l cos ( 0y sin wt ) 4+ constant. (3)
1 2

Using the pewer serie. expansion of cos x (x=0, sin wt) and expressing the

terms of the form sin?twt in ferms of cosines of the multiples of wt, we get
the Fourier expansion? of y as,

mn 2m m mn7

— 1 0.
y = QI\/QIMI}I)\/[ *< 2 ) | — — }cas 2nwt | 4+ constant (4)
' i | m=n . (2m) ! )

where ™€, _=m!/(m-n)!n!, and n is a integer # O. The equation (4) implies
the the lower end X of the fork undergoes longitudinal vibration (or equi-
valently the tuning fork as a whole vibrates longitudinally) and that Fourier
components of the vibration consists only of even harmonics of the prong
frequency f. The amplitude 6o of the prong vibration cannot exceed d/2b,
otherwise the prongs would touch each other. Asd/2b< < 1 (for atuning fork

commonly used in the laboratory d/2bZ0.05), it follows that 8, < <1 and the
expression (4) can be approximated to the form?,

211

IM,b
~ IM,+

—— ¢os 2nwt 4 constant (5)
*n=l 27 (211)

by taking the first term (m=n" term) of the quantity under the double bracket
in (4). Thus contribution from harmonics greater than the second is insigni-
ficant. When the amplitude of vibration of the end B or D of the fork is x

(x < d), we have Bo=x/2b and the amplitude of longitudinal vibration of the
end E corresponding to the second harmonic (n=1) is,

M, x?

iirfrr-rere—

OM; + M, 4b

Hence the amplitude of longitudinal vibrations with frequency 2f is less than
that of the prong vibrations with frequency f. This accounts for the fact that

when a sounded tuning fork is held near the ear the note heard i1s that of the
vibration of the prongs. However when the sounded tuning fork is held in

contact with a solid the vibration transmitted most effectively is longitudinal
mode which has a frequency 2f.
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In the above analysis we have assumed that the portion AFC of the turning
fork remains straight when the prongs vibrate. Actually the portion AFC
bulges “up and down with a frequency f. The amplitude of this longitudinal
vibration is less than amplitude of the mode we have discussed. However,
this up and down bulging motion of the portion AFC accounts for the fact
that when the turning fork is allowed rest with the end I in contact with a
golid the transmitted vibration has a component with frequency f of small

amplitude.
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