EEE2035F: Signalsand Systems||
Class Test 1

19 March 2012

SOLUTIONS

Name:
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| nformation
e The test is closed-book.
e This test hasour questions, totalling 25 marks.
e Answerall the questions.

e You have 45 minutes.




1. (10 marks) Suppose(t) = e~ ‘u(t). Sketch the following:
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2. (5 marks) Suppose the outpy(t) of a system is related to the inpuft) via the
relationship

(a) Is the system linear?
(b) Is the system time invariant?

(a) We can show by counterexample that the system is not hemeagls, and is therefore not
linear. Consider the input; (t) = u(¢). The following is a valid input-output pair:
21 () — 1 (t) = {z1 ()} +1 = u(t) + 1.
However, using the inputs (t) = 2u(t) we get the following valid input-output pair:
xo(t) — y2(t) = {x2(t)} + 1 = 2u(t) + 1.

Clearly for the inputs we have,(t) = 2z1(t), by for the outputs we don't have
y2(t) = 2y1(t). Therefore the system is not homogeneous, and is not linear.

(b) Assuming that the input is; (¢), the output will bey; (t) = x1(¢) + 1. The following
input-output pair is therefore valid:

Suppose now that we consider the shifted inpid = (¢ — \) for some\. The output
will be

yt)=z(t)+1={z1(t =N} +1=z1(t =N+ 1=9y1(t — N).
A shift in the input therefore always causes a corresponsliiftjin the output, so the
system is time invariant.




3. (5 marks) Suppose you're given the signals

(t) y(t)
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(a) Use the method of your choice to findt) = x(t) * y(t).

(b) Use the result from the previous question to ffitt) = y(t) = v(¢) for these signals:
v(t) y(t)
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(@) The derivative property implies that(t) = @(t) * y(t). However(t) = §(t) — 6(t — 1),
so using the properties of convolution with the delta fumctive get

w(t) = [6(t) —o(t = 1)] *y(t) = y(t) —y(t —1).

The signako(t) can then be found by indefinite integratian(t) = ffoo w(A)dA. The
signals of interest are shown below:

i R

0 1

1F-—-—----= w
I’ /\ . (t)
0 1 3

(b) Evidentlyv(t) = z(t) + §(t — 2), so the required signal is

F() = y(t) + o(t) = y(t) * [a(t) + (¢ — 2)]
y(t) = 2(t) + y(t - 2) = w(t) + y(t - 2),

wherew(t) was found in the previous part. Thyiét) is given below:
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4. (5 marks) A unit step input is applied to a LTI system, arslilts in the following

response:
1 L o
y(t) = stu(t) — 55 (1 — e F)ul?).
(a) Find and ploty(t).

(b) Use the derivative property of convolution to find the g response of the system.

(a) We can rewritg(t) as follows:

y(t) = {

Note that there is no discontinuity &= 0 since
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(b) If u(t) — y(t) is a valid input-output pair for a LTI system, then from theidative

property we know that
iu(w N a (t)
dt at”

is also valid. However, sincéu(t) = 4(t) we haves(t) — L y(t), so by definition the

impulse response is
d
ht) = Zy(t),

which was plotted in the previous part.




