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Unified Engineering I1 Spring 2007

Problem S1 (Signals and Systems) SOLUTION

1. Find and plot the step response of the system

R
A 0,
ALY v

where R =1, and L =2 H.

Solution: Use the loop method to solve. Define the single loop current to be 7,. The
sum of the voltage drops around the loop is

di
0= —u(t)+ Ri, + L—
u(t) + Ri, + o

Plugging in numbers, and putting inhomogenous terms on the right, we have

di, .

Qé +1i,=u
Simplify by dividing by 2 to obtain

diy 1,1

at 2T 2"
We want to find the step response, so assume that the input is u(t) = o(¢). Then for
t>0,

dip 1, 1

it 272

To find the response, must find the particular solution and the homogenous solution.

First, find the particular solution. Since the input is a constant, guess that the solution
is a constant, i,(t) = c¢. Since the time derivative of a constant is zero, the differential
equation becomes

and so iy(t) = c=1.

Next, find the homogenous solution. The homogeneous equation is

dip, 1.
o T =0



which has solution
ih(t) = Ae_t/Q

for some constant A.

The total solution is
ia(t) = iy(t) 4+ in(t) = 1+ Ae™?

In order to satisfy the initial condition that i,(0) = 0, we must have that A = —1.
Therefore,
ig(t) =1—et/?

for t > 0, and zero otherwise. The output y(¢) is given by y = u — i, R. Therefore, the
step response is

u(t) = (1— (1= ) o(t)

= e’t/2a(t)
See the plot below:
15
1, .
é 050 8
0 -
-05 : ‘ : : : :
& 0 1 2 3 4 5 6
Time, 7 (s)
2. For the input signal
0, t<0
u(t)=4¢ 2, 0<t<2
-1, t>2

find and plot the output y(t), using superposition.

Solution: The input can be written as a sum of steps, as

u(t) = 20(t) — 30(t — 2)



Therefore, by linearity and time invariance, the output can be written as
y(t) = 29:(t) — 3g4(t — 2)
Plugging in, we have
y(t) = 2e7 5 (t) — 322 (t — 2)
This may be simplified by breaking the result down into regions:

0, t<0
y(t) = < 2e74/2, 0<t<?
e 12 — 3e /2 > 9

See the plot below:

2.5

System response, y(t)
=)
Il

Time, ¢(s)
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