EEE235F Class Test
15 April 2005

Name;

Student number:

| nfor mation

The test is closed-book.

This test hadivequestions, totalling 50 marks.

Answerall the questions.

You have 45 minutes.




1. (10 marks) Are the following signals periodic? If so, wisthe
fundamental period and frequency?

(@) x(t) = cog51) + 3sin(71)
(b) x(t) = /(517D

(a) Find smallest T suchthaiz) = x(t + T), or
cos(%t) + 3sin(%t) = cos(%(t +T)+ 3sin(%(r +T))
/g /4 . T v/
=coqd—t+ =T)+3sin(—t + —T
S(3 + 3 )+ 3l (4 + 4 )

The condition above is satisfied f§T = 2k7 and 7T = 2mu, fork
andm integers. Thus if we can find integérsandm such thatl" = 6k
andT = 8m, then the signal is periodic. The smallest integers
satisfyingT = 6k = 8m arek = 4 andm = 3, so the signal is
periodic with fundamental periofl = 6(4) = 8(3) = 24. The
fundamental frequency is therefofe= 1/T = 1/24 Hz.

(b) Find smallest” such that

I B=D _ i FCHT-D _ i (Ft+5T-1) _ ,j(51-1) i 5T

The smallest value df such that this is true I = 4.




2. (10 marks) Supposg (1),

y2(t) andys(t) are as shown below:

(1)T yi(t) (1)T y2(1) , y3(7)
t t t
0 0 2 0 l
(-1)
If x(z) andy(¢) are
2 X(t) 2) y(t)
1
0 1
-2 0 1 t -2 l l t
-1 (1)

then sketch

(@) x (1) * y1(7)
(b) x(7) * y2(1)
(€) x(r) * y3(7)
(d) y(@) % y1(1)
(€) y(2) * y2(7)
() y() * y3(1).

The solutions are as follows — see next page for sketches.
(@) x(t) * y1(t) = x(¢) * 6(t) = x(¢), sinced(¢) is the identity element of

convolution.

(b) x(2) = yo(¢t) = x(¢t) x 6(t —2) = x(t — 2), since shifting one signal by 2
shifts the resulting convolution by 2.

() x(t) * y3(t) = x(t) * —16(t —2) = —1(x(¢) x 6(t —2)) = —x(t — 2),
since the convolution operator is linear.

(d) y(@)*yi1(t) = y(r) x8(t) = y(1).

(€) y(1) * y2(r) = y(t) % 6(r —2) = y(r —2).

() y(@) *y3(r) = y(@) * —16(r =2) = —1(y() * 6(r —2)) = —y(t = 2).



Sketches are as follows:

e Questions (a), (b), and (c)
2

1 x(t) % 8(t)
-2 0 1 t
2
1 x(t) x6(t —2)

t

0 1 3
x(t) x—=6(t —2)

0 1 3

t

—4

e Questions (d), (e), and (f)

(2)
‘ Y(0) % 8(0)
0 1 ¢
N (‘1)l # (-1)
(2)
‘ y(f) ¥ 8t —2)

(- )

(1)
T
2

0
\ (=2)

(-1)
@) y(t)* —8(t = 2)

w o™ - W




3. (10 marks) Use the derivative property of convolution mal fi
w(t) = x(t) * y(t), where

z t
1 <0 1 y(t)

If w(z) = x(¢) * y(¢), then the derivative property of convolution states
thatw(z) = x(¢) * y(¢). However,y(t) = §(t) — 6(t — 2) (generalised
derivative ofy(¢)), so

w(t) = x()*xy(t) = x(0)*(3(1)=6(t=2)) = [x(2)*5(1)]+[x (1) *—5(r=2))]

From the results of the previous section (or otherwise) wankiinat this
equals
w(t) =x()—x(@—2),

sow(t) looks like

2
w(r)
1 3 i
0
Integrating once gives the required answer:
4
w(t)




4. (10 marks) Consider a continuous-time LTI system deedriy
1 t+T/2
O =10 =7 [ xde
t—T/2
(a) Find and sketch the impulse respohge of the system.

(b) Is the system causal?

(a) Impulse response is the output of the system when the ishe impulse:
x(t) = (t). Thus the impulse responsé) is

t+T/2 1 _T <t < T
h(t) = T{8(1)} = —/ §(tydr=3T 2 2
T Ji—1)2 0 otherwise
T
h(t)
t
-T/2 0 T/2

(b) The system is not causal, since the impulse respons@menofor some
values oft.




5. (10 marks) Suppose a LTI system has impulse response
h(t)

t

1

0 2

(a) What is the response of the system to the complex signal
x1(t) = /!

for some fixedo?
(b) Hence, by writing casc) in terms of complex exponentials, find the
response of the system to

X>(t) = coqwt).

Note that in this case the result shouldrbal valued so some
simplification may be necessary.

(a) Direct convolution gives the result:

Valt) = /_ h(o)xi (i — D)d = /O

=2
:eja)t|: 1 e—ja)r] :_'ieja)t (e—ja)Z_l) — :
—Jw =0 Jw Jw

2

IO gr = ej“”/ e /%t
0

2

l_e—ja)Z

(b) The signalx, (1) = coqwt) can be written as

1, . . 1 . |
1) = = jot —jot — _ jot _ —]a)t-
x2(1) 2(6 + 777 ¢’ + 5e
Because the system is linear, the response (o) will be the sum of the
responses to each of the terms above. Now from part (a) tpemss of
the system to input/®? is e/** (1 — e=/*?) /(jw) So the response to
1/2e7°% will be e/** (1 — e=7/*2)/(j2w). Similarly, the response to



1/2e/C9" will be e/2 (1 — e~ 7C®)2) /(j2(—w)). Thus the output will be

y(t) = e/ (1 —e7792) /(j2w) + /T (1 — e/ 9)2) /(j2(~w))

— % (eja)t . eja)(t—z) . e—ja)t + e—ja)(t—z))
J e

— _Tl ([ejw(t—z) . e—ja)(t—z)] . [eja)t . e—ja)t])
J e

! (sin(w(r — 2)) — sin(w?))..
w




