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This is similar to what was obtained before by the classical metThis is similar to what was obtained before by the classical methodhod
x(t) = x(t) = xxtransienttransient ++xxsteadysteady statestate

Steady state part Steady state part 

Transient partTransient part
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Determine the response of an Determine the response of an undampedundamped massmass--spring system at restspring system at rest
in equilibrium to a symmetric triangular pulse F(t) of total durin equilibrium to a symmetric triangular pulse F(t) of total duration ation tt0 0 
..

GivenGiven:  :  

Find:  Find:  

Solution:  The graphical breakdownSolution:  The graphical breakdown
of the triangular pulse using unitof the triangular pulse using unit
step functions is shown below.step functions is shown below.
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The mathematical form of the expression isThe mathematical form of the expression is

The The LaplaceLaplace transform of F(t) is obtained using the transform of F(t) is obtained using the second shiftingsecond shifting
theoremtheorem and the proper transform from the and the proper transform from the LaplaceLaplace transform table.transform table.

The transform of the system response isThe transform of the system response is
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Second Shifting TheoremSecond Shifting Theorem
If L[f(t)]= F(s) andIf L[f(t)]= F(s) and
g(t)= f(tg(t)= f(t--a) for a>0 a) for a>0 

=o for t<0, then=o for t<0, then
L[g(t)]= eL[g(t)]= e--asas F(S)F(S)
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Use partial fraction decompositionUse partial fraction decomposition
to express to express 
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Application of the Application of the first shifting theoremfirst shifting theorem and transform pairs fromand transform pairs from
the the LaplaceLaplace transform table are used to invert the transform andtransform table are used to invert the transform and
obtain the system response:obtain the system response:
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This example illustrates application of the This example illustrates application of the LaplaceLaplace transform to determinetransform to determine
the response of an the response of an undampedundamped oneone--degreedegree--ofof--freedom system subject to anfreedom system subject to an
excitation whose form changes with time.excitation whose form changes with time.

First Shifting TheoremFirst Shifting Theorem
If L[x(t)]= X(s), then If L[x(t)]= X(s), then 
L[eL[eatat f(t)]= F(sf(t)]= F(s--a)a)
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Partial Fraction Expansion with Complex Roots
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Here, the polynomial has two roots Here, the polynomial has two roots 
that are complex. that are complex. 
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