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Question 1
(i) y(t) can also be written as

Therefore the IRT is h(t,7) = e "u(r — 1).
(ii) System is TV since h(t, 7) is not a function of ¢ — 7. System is NC since
h(t,T) is not necessarily zero with ¢ < 7.

(iii)

Question 2

(1)



() =t,0<t<1
—1,1<t<2
=3-1,2<t<3

Therefore,
1 ) 2 ' 3 .
XUWWZ/1RJMM+}/1e”%t+/w3—ﬂew%t
0 1 9

1 2 3 3
X (jw) :/ te_jmdt+/ 16_Mdt+/ 3e_wdt—/ te Iwtdt
0 1 2 2

b Jwt b —jwt
i e 1 . e 1 .
/ te—dwt ¢ : |Z ' / eIVt gt — ¢ |l; e ]wtll;
a a

—jw jw —jw w?
be—jwb o ae—jwa e—jwb o e—jwa
—jw w2
b —jwb _ —jwa
/ cototgy — S T
a —Jjw

Therefore, X (jw) becomes

. —e I eI 4 emIw
X(jw) = 3

(i)

y(t) repeats periodically with period Ty = 6.

(i)

The period and fundamental frequency of y(t) are

T0:6, w0:27T/T0:7T/3.



Fourier coeflicients are
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Question 3
The period and fundamental frequency are

T[) = 4, Wy = 7T/2
We can use fourier series to represent signal x(t) by

x(t) = Z X elkwot

k=—o00
Given X}, = 0,V|k| > 2, the above expression can be reduced to
B{t) = X e 90+ X X e
Xo=1=1[Ya(t)dt
using Parseval’s theorem, and X _; = X

1+2[X12 =33 =1 [ |x(t)2dt
| Xy =4

Using the phase of X, X; = 4e/™* X_; = 4e~7™/* and
z(t) = de I AeIEt 4 1 4 4ei/AeI 3t
x(t) =14 8cos <gt + 7r/4>

Question 4

y(t) = /_00 e cos(t — T)u(t — 7)x(T)dt



h(t) = e cos(t)u(t)
s5+3

Ho) = Gise v

(i)

Yes. Because the poles are at s = —3 £ j and not on jw axis.

. Jw+3
H = -
(je) (Jw+3)2+1

(i)

S (s+3)2+1
y(t) = e sin(t)u(t)
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LY (jw) = arctan <10 _0;2>

Y(jw) =

Y (ju) =

Y (jw)| =

Question 5
(i)
elwot | p—jwot

x(t) = cos(wpt) = 5

Using the eigenfunction property, the corresponding output is

Jwot [7( 4 —Jjwot [J (4
y/(t> _ € (]WO) +2€ ( jw@)




But, the given output is:

0 H (jwg) — e”“0 H (jwp)

y(t) = jsin(wot) H (jwo) = 5

Therefore, the required condition is H (jwg) = —H (—jwo).
(i) Using the eigenfunction property, output corresponding to input xs(t) =
Jsin(wot) is
0 H (juo) — e 70" H (—jw)
2
Using the condition H(jwy) = —H (—jwy), the output reduces to

Y2(t) =

70" H (jwo) + e 70" H (juwy)
2

Yya(t) = = cos(wot) H (jwo)

Question 6
(i) Yes, both S; and Sy are LTT systems.

hy(t) =e Hu(t) = e tu(t)
ho(t) =0(t — 1).

(ii) Since both S; and Sy are LTI systems, Hia(jw) = Hy(jw)Hs(jw).

M) =15
Hy(jw) =e ™7,
His(je) = 16:; |
(iii) The Fourier transform of z(t) is
X(jw)zU(cu—l—%) —U(w—%).

Therefore the spectrum of z(t) is



The energy of z(t) is

Question 7

(i) Using the equation of Fourier transform for periodic signal, the answer is

X(jw) = Z 27 X0 (w — kwy)

k=—00

=276 (w) 4 476 (w — 27) + 2me? ™45 (w + 3).

(ii) The high-pass filter rejects DC terms in z(t). Thus

Y (jw) = 416(w — 271) 4 2me?™ 45 (w + 37).

(iii) The amplitude spectrum is shown below. Since the signal z(t) is ban-

[z (jo)
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dlimited within —47 to 37, the Nyquist frequency is w, = ?F—’T =Tm.
Thus the lowest sampling rate is 1/7s = 3.5 Hz.



