EEE2035F: Signals and Systems I L. (5 marks) Suppose

t) = 1 [t| <7/2
Class Test 1 P70 otherwise
and u(t) is the unit step. Sketch the following signals over the range —3 <t < 3:
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(a) z1(t) = cos(4mt — )
(b) za(t) = *p1(2t +4)
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2. (5 marks) Suppose the output y(t) of a system is related to the input z(t) via the 3. (5 marks) Suppose we have the following signals:

relationship 3
t) = x(2t

y(t) = (2t), 2 ) 2 o)
and u(t) is the unit step. ) 1
(a) Plot the output when the input is z(t) = u(t). -1 0 1 ¢ -1 0 1 2 k

-1

(b) Plot the output when the input is z(¢) = u(t — 1).
(c) Is the system time invariant? Why? Plot the following:
(d) Show that the system is linear. (a) z1(t) = fioo FN)dA

(b) 22(t) = 4g(t) (the generalised derivative).

(a) For input z1(t) = u(t) the output is y1(t) = x1(2t) = uw(2t) = u(t). (Plot the unit

step.) Plots as follows:
(b) For input zo(t) = u(t — 1) the output is 2 o1 (0)
ya(t) = x2(2t) = w(2t — 1) = w(2(t — 1/2)) = u(t — 1/2). .
-1 0 1 2
(Plot the unit step shifted to the right by 1/2.)
(¢) From the previous two questions, the input z(¢) = u(t) produces the output
y1(t) = u(t), and the input z5(¢) = u(t — 1) produces the output ya(t) = u(t — 1/2).
Since x2(t) = x1(t — 1) for a time invariant system we should have 2 @2 (t)
y2(t) = y1(t — 1). This is not the case so the system is not time invariant. @ ,
(d) For two arbitrary signals z1(t) and z2(¢) the following input-output pairs are valid: -1 0 1 k
-1

z1(t) —yi(t) = z1(2t)

2o(t) —ya2(t) = z2(2t).
Now consider the input z(t) = ax1(t) + bxa(t). The output will be
y(t) = z(2t) = axq(2t) + bx2(2t) = ays (t) + by2(t).
Therefore, for any a and b we see that the input-output pair
azy(t) + bo(t) — ay1(t) + bya(t)

is always valid, and the system is therefore linear.

(You could also show that homogeneity and additivity each hold separately.)




4. (5 marks) Suppose s(t) is as defined as
xz(t)

Plot the following:

(a) 1(t) = s(t) *6(t — 1)
(b) ya(t) = s(=t) x 6(t — 1)
(c) ys(t) = s(t)o(t —1).
(d) ya(t) = s(=1)d(t —1).

Plots as follows:
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