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Problems and Solutions for Section 3.4 (3.35 through 3.38)

3.35 Calculate the response of
mX +cX + kx = F O(t)
where ®(t) is the unit step function for the case with xo = vp = 0. Use the Laplace
transform method and assume that the system is underdamped.

Solution:

Given:
mX +cX + kx = F u(t)

F
X+ 20w X+ o2x =2 u(t) (¢ <)
m
Take Laplace Transform:

$2X(s) + 28w X (S) + w2 X(s) = %[%j

_ F/m [ F, w?
X(s)= 2 2\ 2 2 2
(s +2{w s+ ! )s me, s(s +2{w s+ a)n)
Using inverse Laplace tables,

x(t) = % —~ kfﬁeg“’"t sin (a)nall— £+ cosl((,“))



3.36

3- 51
Using the Laplace transform method, calculate the response of the system of
Example 3.4.4 for the overdamped case (£ > 1). Plot the response for m = 1 kg, k
=100 N/m, and { = 1.5.

Solution:
From example 3.4.4,

mx + cx + kx = 6(t)

X+ 200 %+ wlx = %5(0

¢>1

Take Laplace Transform:

s?X(s) + 25w sX(s) + w>X(s) = 1
X(s) = 1/m 1/m

S +20w s+ w? - (s+a)(s+h)

Using inverse Laplace tables, a = —{w_+ wn\/CZ -1, b=-{o_ - wn,/gz -1

—fo,t

€ W AJC? -1t =) szlt
x(t):—[e"g —e }
2me /% -1

—-15t

Inserting the given values yields: x(t) = ——| e***® — g8 | m
gthe g y (t) 22_36[ ]

) = e lj‘t‘ JLst - 11184
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3.37 Calculate the response of the underdamped system given by
mX +cx +kx = Fe™
using the Laplace transform method. Assume a > 0 and that the initial conditions
are all zero.
Solution:

Given:
mx + cX + kx = Foe‘at a >0, initial conditions=10

Rewrite:

at

F
X+20m X +w’x =—Le
m
Take Laplace Transform:

i , R 1
$X(s) + 20w sX(s) + w; X(s) = ﬁ[m}

Folm

s’ +20w s+ a)rf)(s +a)

X(s):(

For an underdamped system, the inverse Laplace Transform is

- I:0 ot m : _ -t
X(t)_[m(zgwna—wj—az)]{e [ o, sm(wdt)+cos(a)dt)} e }
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3.38  Solve the following system for the response x(t) using Laplace transforms:

100X (t) +2000x(t) =506(t)

where the units are in Newtons and the initial conditions are both zero.

Solution:

First divide by the mass to get
X +20x(t) =0.56(t)

Take the Laplace Transform to get
(s*+20)X(s)=0.5

So

0.5

X(s) =
(®) s +20

Taking the inverse Laplace Transform using entry 5 of Table 3.1 yields

05 o
\/5 s2 + @2

1 .
= X(t) = —=sin @t

NG

X(s) = where o = \/%




