ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

ENGINEERING PHYSICS

UNIT 11

WAVES AND FIBRE OPTICS
2.5.Forced Oscillation

2.5.1. Differential Equation And Its Solution Of Forced Oscillations
2.5.Forced Oscillation

Oscillation in which the body vibrates with a frequency other than natural frequency due to

the external force applied in equal interval of time is called Forced Oscillation.
2.5.1.Differential Equation And Its Solution Of Forced Oscillations

Let as consider a mass “m” connected to a spring and an external force is applied to this.

Then there are three types of forces acting on it.
Restoring Force, Frictional force External force as in figure 2.5.1
Restoring force:

A restoring force is the force which is opposite to the direction of displacement(y).

Where, K is the force constant and y is the displacement. Here the negative sign

indicates that the restoring force acts in the opposite direction to the displacement.

Friction force:
Friction force or damping force is due to presence of air resistance, which is opposite to

the direction of velocity
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Fig 2.5.1 Forced Oscillations
(Source-“Physics of vibration and waves” by H.J.Pain page 57)

Applied force

F3 = FO SIN@t--=======mmmmum (3)
Total force
F = FitFo+ Fg =--=mmmomeeeeeee 4)
Sub (i) & (2) & (3) in (4)
= i) Nt =mmmmmmmmmemm
F=- ky -r - Fo sinmt (5)
But according to Newton’s law
F=ma
e AUESERET Y
Here F=m =2 (6)
d’y . ,
Where — IS the acceleration
From (4) & (5)
d’y _ dy .
m—==- Ky -r -+t Fo sinmt
2
Divide by m d_i’: _ kAL O et
dt m mdt m
d’y ~rdy , k__ FO .
dt?2 T m dt T my_ m sinet
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Putr/m =2b & k/m =wy* & Fo/m =f

d? d .
d—tf +2b d—Jt/ + 0o%y= fsinot--------------- (7)
The solution for this equation is
y=Asin(wt-0)------------ (8)

Where, A is the amplitude and 0 is the angle at which the displacement lags behind the
applied force.

Differentiating twice (8)

We get L = Awcos((ot-6)------(9)

dat

d?y
dt?

= —An?sin(ot-0)-------- (10)
Sub (8),(9) &(10) in (7)
—Aw?sin(ot-0)+ 2bAwncos(wt-0)+ Amy2sin(ot-0) = fsin(wt-0+0)

= fsin(wt-0)cos0)+ fcos(wt-0)sin6---(11)

Comparing the equations
A(0y? — ©?) = fcos0------(12)
2bA®= fsinO------ (13)

Squaring & adding (12) & (13)

A% (0g? — ®?)? + 4b%A%w? = f2c0s%0 + f?sin?0------- (14)

AZ(OJOZ _ (02)2 + 4b2(02) — f2

A?= I
(0g2—m2)24+4b2w?2)
A= f

B V(©02-02)2+4b2 2

Divide (13) by (12)
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2bA® —tan 0
A(0p2-02)

0 = tan~! (Zb—w)

(w0 2 —032)

The amplitude and phase of the forced oscillation depends on wy? — ®?
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