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Forced Oscillation
In this case, the oscillation is driven by some oscillating force
Let us consider F; sin(pt) is the external force which is applied to drive the oscillation. Here,
P is representing the driving frequency

Now the equation of motion under the presence of restoring force, damping force and external

force is

F

net

=—loc—b%+1’70 sin( pt)

d
—b—x:Damping force
dt

Where, —kx =restoring force

F, sin( pt)=External periodic force
ma = —kx—b%—l’o sin ( pr)

d—szrﬁﬁJrﬁx—ﬂsin( 1)
dt* mdt m m P

2
%+2ﬁ%+a)02x=fosin(pt) ..... (1) 2B=bim, & =kim,f,=F,/m

The general solution of equation (1) is x = Asin(pt—@), Substitute this in equation (1), we will
get
—p*Asin(pt—6)+2ppAcos(pt —0)+w,* Asin( pt —0) = f,sin(pt—6+06)
—p*Asin(pt—6)+2ppAcos(pt—6)+aw,’ Asin( pt—0)
=fo(sin(pt—0)cos9+c0s(pt—6’)sin6’) ...... (2)
Now, comparing the coefficient of siné and cos @, we will get
(a)02 —pz)A = f, cos(6).....(3)

2pBA= f,sin(0)........ (4)

tan(H) 2%
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From equation (3) and (4), we can write

A: f£)
\/(a)oz—pz)2+4ﬂ2p2
Jo
\/(woz_p2)2+4ﬂzp2

x(t) =

Case 1l

At very low driving frequency, p << @,

We will get the amplitude from equation (5)

L b

o K

Thus, A depends on force constant A but independent on driving frequency.
F,
x(t) =—Lsin(pt—0
== (pt-0)

Case 2

At very high driving frequency, p >> @,

b o

2 2

p mp
Thus, A depends on driving frequency.
Amplitude Resonance:
The value of driving frequency p at which amplitude become maximum is called amplitude
resonance.

From, equation (5), it is clearly noticeable that 4 =4, when

di[(a)oz—pz)z +4ﬂ2p2}=0:>—4a)02+4p2+8ﬁ2 0= p=yo, -2
p

AA
Now, if we substitute p=+/@,> =2/ in equation (5), we will get N A h
4 = fo L
JAB + 45 (0, -258°) I
R >
fo fo

A = _
J4B o -4t 28\ p*+ B
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Velocity

Jo
\/(a)oz_pz)2+4ﬂ2pz

The expression for velocity can be written as,

x(t) = sin (pt - 6’)

v(t):dx(t) = f‘)lz cos(pt—0)=v, cos(pt—0)
dx \/(a)oz_pz) L4488 p*
_— fop
A
\/(a)oz _p2)2 + 452D
Casel

At very low driving frequency, p << ®,

_Lp _Ep
4 o, K
Case 2

At very high driving frequency, p >> o,

F
VA:fo_f’:_o

p mp

Expression for maximum velocity

ma w e
_Jo

v,=v, ,whenp=w,, v, =
2p

Power dissipated by oscillator

2 2.2
dt (a)oz_pz) +4ﬂ2p2

cos’ (pt—0)

2.2
The average power will be, P, = o, 2p <cos2 (pt—0)>
(6002—]?2) +4ﬁ’2p2
1wy mpR
2(0)02—p2)2+4,52p2 (a)OZ_pZ)Z
p

+4p5°
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avmax :niioz (a):po)
P \/(a)o —p2)+4pr2
Power absorbed by oscillator 2Pr
[ J
P =F,sin(pt)v = FOfozp sin( pt)cos(pt—0) T
\/(a)oz_pz) +4ﬂ2p2 @, —p

= E’fozp [Sm(zpt)cos(@)ﬁtsin2 (pt)sin(&)}

\/(a)oz _pz) +4ﬂ2p2 2

The average power will be

P /Y ) S VY.
@ 2 2)\? 2.2 2 2)?
W, — +4 w,” —
(@’ =p*) +48°p (ozp)+4ﬂ2
p
mf,’
The maximum average power will be, P, ™ = %ﬂ (0=p,)

Band width of resonance
The difference in values of driving frequency at which the power absorbed drops to half of its
maximum value is known as band width resonance.

2 2
Fofozﬂp :mﬁ)%ﬂ:(a)o2_p2)2+4ﬁ2p2:8ﬂ2p2
(a)02 —pz) +4p°p’

= (0 -p*)=+28 p

oN_. 2Bp 2 2B -
j(% p)_i(a’()"‘p)_i(wo+1j_i(l+l)_iﬂ (w0~p)
p
:>(a)0 a)l)z,b’

= (0, —o)=2p _1
T

Quality factor (Q):

Q=%[1+(%ﬂ(pf)
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