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Single Degree of Freedom Forced Vibration
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There are 4 categories of F(t) :

1) Harmonic (sin, cos)

tt

F(t)

4) Random
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F(t))

3) Transient
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2) Periodic
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If c = 0If c = 0

tt

Xtrans(t)) 2π/ωn

trans ssor x(t) = x (t) + x (t)

omx + kx = F cos( t)ω&&

omx + cx + kx = F cos( t)ω&& &

trans n nx (t) = A cos( t) + Bsin( t)ω ω

h px(t) = x (t) + x (t)

If  F(t) = If  F(t) = FFoo coscos ((ωωt)t)
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EOM becomes

-mω X cos( t) + kX cos( t) = F  cos( t)ω ω ω
o
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FSolving X = 
k - mω
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Fx (t) = cos( t)
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x (t) = X cos( t)
x (t) = - X sin( t)

x (t) = - X cos( t)
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To find xss Let
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o o
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F Fx(0) = A + A = x(0) - 
K-m K-mω ω

⇒

n n n nx(t) = -A  sin( t) + B  cos( t) - X  sin( t)ω ω ω ω ω ω&
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x(0)x(0) = B B = ω
ω

⇒
&

&

o o
n n2 2

n

F Fx(0)x(t) = x(0) -  cos( t) +  sin( t) + cos( t)
k - m k - m

ω ω ω
ω ω ω

⎛ ⎞
⎜ ⎟
⎝ ⎠

&

0
n n 2

Fx(t) = A cos( t) + B sin( t) +  cos( t)
k-m
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ω

Lecture 8-SDOF Forced 
Vibration, No Damping

MEEM 3700 8

Case 1:  Case 1:  if  if  ω  ω  << << ωωnn

o o o
st22

2
n

F F F =  = δ
kk - m kk - ωω
ω

≈

Case 2:  Case 2:  ifif ω  ω  >> >> ωωnn

Case 3:  Case 3:  ifif ω  ω  ==ωωn  n  (Resonance!!)(Resonance!!)
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using L' Hospital's rule

F F F t = x(t) = sin( t) 
k - m 0 2k
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10kg

1000 N/m

X

( ) 100cos( )F t tω=

Example 
To Find the Steady State Response

2

100x ( ) cos( )
1000 10ss t tω
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Fx (t) = cos( t)
k - mω
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Case 1:  Case 1:  if  if  ω  ω  << << ωωnn

F(t) = 100 cos(4t)

ss
100x (t) =  cos(4t)
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Case 2:  Case 2:  ifif ω  ω  >> >> ωωnn

F(t) = 100 cos(20t)

ss
100x (t) = -  cos(20t)
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Case 3:  Case 3:  ifif ω  ω  ==ωωn  n  (Resonance!!)(Resonance!!)

F(t) = 100 cos(10t)

ss
1000tx (t) =  sin(10t)
2000
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