EEE235F C| ass TeSt 1. (10 marks) Are the following signals periodic? If so, wisthe

fundamental period and frequency?

15 April 2005 (@) x(1) = coZr) + 3sin(Z1)
(b) x(r) = /5171,
Name:
Student number (a) Find smallest T such that(t) = x(t + T'), or
4 . T b . T
cos(gt) +3 sm(zt) = cos(g(t +T7T)+ 3S|n(z(t + 7))
b b b T
=cod—=t + =T)+3sin(—t+ =T)
I nformation 33 a4

The condition above is satisfied f§7" = 2kz and 3T = 2mu, for k
andm integers. Thus if we can find integetsandm such thatl’ = 6k
This test hagive questions, totalling 50 marks. 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

You have 45 minutes. fundamental frequency is therefofe= 1/T = 1/24 Hz.

(b) Find smallesf” such that

The test is closed-book.

Answerall the questions.

eJF1=1) — LI (FE+T)=1) _ j(Ft+3T-1) _ j(51=1),i 5T

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




2. (10 marks) Supposg (1), y»(t) andys(t) are as shown below:

(1)l yi(t) ay Y2(0) y3(t)
0 t 0 l t 0 —t

-1
If x(¢) andy(¢) are

2 X(t) @ y(®)
. |
t - t

D1

then sketch

(@) x(1) * y1(2)
(b) x(1) * y2(t)
(€) x(2) * y3(2)
(d) y(@) * y1(2)
() y(@) * y2(1)
() y(@)* y3(0).

The solutions are as follows — see next page for sketches.

(@) x(t) * y1(t) = x(¢) = 8(t) = x(¢), sinced(z) is the identity element of
convolution.

(b) x(t) * y2(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(¢) » —18(t —2) = —1(x(¢) * 6(t —2)) = —x(¢t — 2),
since the convolution operator is linear.

(d) y(@) * y1(r) = y(1) * 8(1) = y(1).

() y(@) * y2(1) = y(1) % 8(t =2) = y(t = 2).

() y(@)*y3(t) = y(t) x =18t —=2) = —1(y(t) % 8(t —2)) = —y(t = 2).

Sketches are as follows:
e Questions (a), (b), and (c)

2
“_‘ 1 x(t) % 5(1)
t

-2 0 1
2
‘1‘_\ x(t) % 6(t —2)
t
0 1 3

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

(2)
‘ ¥(0) % 8(1)
0 1 t
N (‘1)l i (-1)
(2)
y(t) *6(t —2)
‘ 12
° 1)l (-1)

(1) J’(l) * —8(1 —2)

w [ - W

o (1)1
\ 1 2

(=2




3. (10 marks) Use the derivative property of convolution nalfi 4. (10 marks) Consider a continuous-time LTI system desedrty
w(t) = x(t) * y(t), where +T)2

1
2 X Y = T} = / x()dx.
“—‘ 1 1 ,—l y(t) t—T/2
t

s 01 5 5 t (a) Find and sketch the impulse respohég of the system.

(b) Is the system causal?

If w(r) = x(¢) * y(¢), then the derivative property of convolution states

that (t) = x(7) * y(t). However,j(¢) = §(t) — §(t — 2) (generalised (@) Impulse response is the output of the system when thé¢ isihe impulse:
derivative ofy(t)), so x(t) = é(¢). Thus the impulse responsé€) is
() = x(1)%(1) = x(1)*(8(t)—8(t—2)) = [x(t)*8(t)]+[x (1) *—8(t—2 1 T2 + ~L<r<Z
() = x () (0) = x(O*E(1)=8(1-2)) = [x()*3()]+[x () *—58(1-2))] hm:T{m)}:T[ S(TW:{T 7<t<3
From the results of the previous section (or otherwise) wankihat this T/ 0 otherwise
equals uT
w(t) = x(t) —x(t —2), h(t)
sou(r) looks like = 0 - t
2
W(r) (b) The system is not causal, since the impulse respons@mrmfor some
1 3 values oft.

t
Integrating once gives the required answer:

4

w(t)




5. (10 marks) Suppose a LTI system has impulse response 1/2e7C9) will be /2 (1 — e~/ 2)2) /(j2(—w)). Thus the output will be

h(t) . . . .
’ t Y(0) = &7 (1 = e70%) [ (j2w) + eI (1 = e TED2) /(2 (~w)
0 2 1 ( . o . o
; . = eI®t _ pjot=2) _ ,—jot | —jelt 2))
(a) What is the response of the system to the complex signal Jj2w
N _ j—zi) ([ejw(t—z) _ e—.iw(t—Z)] el - e—jwz])
. | .
for some fixedo? == (sin(w(t —2)) — sin(wt)) .

(b) Hence, by writing cosc) in terms of complex exponentials, find the
response of the system to

x2(t) = coqwt).

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

(a) Direct convolution gives the result:

00 2 . 2 )
ya(t) = / h(t)x1(t —1)dt = / eI g = e-""t/ e /?%dt
—00 0 0

=2 —iw?2
= /! |:—1_ e_j“”i| = —_Lejwt (e_j"’2 - 1) = —1 —.e o
—jw =0 jo jw

(b) The signal,(z) = coqwt) can be written as

1, . : 1 . 1 .
) = — Jjot —Jjoty _ _ ,jot _ —jwt.
x2(t) 2(e + 779 Se/ + e
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) themss of
the system to input/®? is e/®* (1 — e=/?)/(jw) so the response to
1/2e7@" will be e/®* (1 — e=/2)/(j2w). Similarly, the response to



