SOUND.

Forced vibration

We have already discussed the vibration in which the body vibrate at its own
frequency without being subjected to any other external forces.
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However a different situation arises when the body is subjected to an external
force.
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Consider the vibration of bridge under the influence of marching soldiers or
vibration of a turning fork when expose to the periodic force of sound waves.
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Forced vibration can be defined as the vibrations in which the body vibrates with a

frequency other than its natural frequency under the action of an external periodic
force.
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THEORY OF FORCED VIBRATIONS.
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1.Equation of forced vibrations
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The forces acted upon the particle are :
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(). A restoring force proportional to the displacement but oppositely
directed, given b
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fr = -pXx
Where p is known as the force constant.
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(ii).A friction force proportional to the velocity but oppositely in directed,
given by
S ope Srem Gl (S (s il ) S ) K@
ey
fi = -rdx/dt
Where r s the frictional force per unit velocity, and
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(ii). The external periodic force, represented by

Sl S bz ohul G d g )50 sl
A5
fe = Fsinpt
Where F is the maximum value of this force and p/21 its frequency.
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So, the total force acting on the patrticle is given by
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fi = -px-rdx/dt+F sin p t

The impressed periodic force is called driver and the executing forced
vibrations is called driven oscillator.
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F = md*/dt?
md?x/dt? = -y x —rdx/dt + Fsinpt
md?x/dt? + rdx/dt + y x=F sinp t
d2x/dt? + 2b dx/dt + w2 x =fsinpt, .o, (1)
rfm=2b, y/m=w? and F/m=f
Eq.1 is the differential equation of the motion of the patrticle.
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2.solution of equation of forced oscillations
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(Amplitude and phase of forced vibration.)
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The solution of the differential equation be given as
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X = Asin(pt—0) . ...ccccrrrnrn... (2)
Differentiating eq. 2 we get
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dx/dt = Apcos(pt-0)

d?x/dt> = Ap?sin(pt-0)



substituting these values in eq. (1), We get
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-Ap?sin(pt-6)+2b Ap cos (p t-8)+w? Asin(pt—8)=fsinpt
A (w?-p? sin(pt-06)+2b A cos (p t-8)+w? Asin(pt—0)=fsin{(pt-0)+0)}
A (w?-p?)sin(pt-0)+2b A cos (p t-8)+w? Asin(pt—90) =
fsin(Pt—0)cosB+fcos(pt—6)sinB
comparing the coefficients of sin (pt—0)and cos ( pt—8) on both sides
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We have,

Squaring eq. (3) and (4) and then adding ,
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We get,

A? (W?-p?) 2+4 b? A2 p? =12
AP [(w? -p7)? + 417 p?] =12
A = FI{(W=p2)2+4Db2p32 o 5
While on dividing eq 4 By 3 we have

f.sin 6/ f.cos 8 = 2bAp/A(w?-p?)



TanB = 2bp/(w2-p2)
0 = tan-1{ 2bp/(w2-p2)}
substituting the value of A fromeq5ineq 2
We get,

x =[ fl {(w2-p2)+4b2p2}1/2].sin(pt-6) 7

Equation 5 gives the amplitude of force vibration while 6 its phase.
Depending upon the relative value of p and w three cases are Possible:
Different cases of amplitude and phase

when driving frequency is low

In this case the amplitude of vibration is given by

A =1/[(w2-p2)+4b2p2
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