EEE2035F: Signalsand Systems|
Class Test 2

24 April 2009

SOLUTIONS

Name:

Student number:

I nformation
e The testis closed-book.
e This test hagour questions, totalling 20 marks.
e Answerall the questions.

e You have 45 minutes.

1. (5 marks) The signal
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has a Fourier series representation
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where

(a) Plotthe magnitude and phase of the Fourier series ceeffsccorresponding to
k=-5t05.

(b) Use the information given to find a Fourier series reprgn for the signal
y(t) = x(t)e/>"1,

(&) The magnitude and phase plots are
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The indexk indicates the harmonic multiple of the fundamental freqyen, = n.
(b) Since
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This is in the form of a Fourier series 2. (5 marks) A system has an impulse response

Yoy = ) dee’
fe=—o0 (a) Find the frequency respongfw) of the system.

with d = cx—s andwo = . (b) What is the output of the system when the input(s) = ¢/5'?

h(t) = 8(t) — 3¢~ 0% u(e).

— 3
(b) From the definition of frequency response, the outpuhfem input complex exponential at
frequencyw = 5 is

. 3 .
1)=H(5) e =(1- st
y(1) = H(5)e ( j5+10)e




3. (5 marks) Suppose a signal has a frequency domain repaésarthat consists of a single
delta function:
Y(w) = §(w — wp).
(a) Use the definition of the inverse Fourier transform to fimeltime domain representation
y(¢) of the signal.
(b) Use the previous result to find and sketch the Fouriestoam of the signal
x(t) = co9q2t).

(@) Theinverseis
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= —ef“")’/ S(w — wo)dw = —el?,
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(b) Sincex(t) = 1e/? + 1e7/2! and from the previous questi@ﬁwf)’&znb’(w — wy), the
Fourier transform is{(w) = 78(w — 2) + 7é(w + 2). This function is real and positive,
so the magnitude is as shown below and the phase is zero.
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4. (5 marks) Find the Fourier transforms of the signals bglawereu () is the unit step
function:

(@) x1(t) = e u(t - 5).
(b) x2(t) = t{u(t) —u(t —5)].

(@) Applying time shift toe_3’u(t)<i>ﬁ gives

—jw5

e

e 3y — 5)<—>f
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Sincee 3=y (t — 5) = e!%e~3y(t — 5), the required Fourier transform is

e I3,

e _ 15
) =e"-0

(b) Applying time shift tops (1) <—>5sinc32 gives ps(t — 5/2)«>5e~7*5/2sinc52. Since
x2(t) = tps(t — 5/2) the multiplication byr property yields

d d : S
X ] — 57 —jo5/24
2@) = do > do (e Smc271) '

Simplifying this is simple but tedious.




INFORMATION SHEET

Fourier transform properties

Property Transform Pair/Property

Linearity ax(t) + bv(t) < aX(w) + bV(w)

Time shift x(t —c¢) < X(w)e /¢

Time scaling x(ar) & 1X(2) a>0

Time reversal x(—1) & X(—0) = X(0)

Multiplication by power oft t"x(t) < j" d‘ﬁ:,, X(w) n=1,2,...
Multiplication by complex exponential x(t)e’?0" < X(w —wo) wo real
Multiplication by cogwo?) x(t) codwot) < 1[X(w + wo) + X (@ — wo)]
Differentiation in time domain d",—",,x(t) < (jo)"X(w) n=1,2,...
Integration [l oo XA 75 X (@) + 7X(0)8 ()
Convolution in time domain x(t) * v(t) < X(0)V(w)

Multiplication in time domain x()v(t) < #X(w) * V(w)

Parseval's theorem L2 x@v()dt = £ [22 X(@)V(w)de
Parseval's theorem (special case) [22 x2()dt = 2 [22) |1 X(0)Pdw
Duality X(t) © 2xx(—w)

Common Fourier Transform Pairs

x() X(w)

1 (—oo<t<o0) 218(w)

—0.5 +u(t) 7

u() 78(@) + 75

8(t) 1

5@t —c) e=/®¢ (¢ any real number

e bru(r) W b >0)

e/®o! 278 (w — wo) (wo any real number
p(t) Tsincs?

TsincEL 27 pr ()

(1-2) pe o) Zsind (32)

Zsinc It 21 (l*%)p,(w)

codwot + 0) wle™/?8(w + wo) + e/?8(w — wo)]
sin(wot + 6) jrle™?8(w + wo) — e/98(w — wo)]

Trigonometric identities

sin(—#) = —sin(6) coq—0) = cog6) tan(—0) = —tan(@)

sin? () + co(F) = 1 sin(26) = 2 sin(6) co6)

co926) = cos(8) — sin?(8) = 2cos(0) — 1 = 1 — 2sin?(6)

sin(01 + 62) = sin(61) co962) + cog0;) sin(62) coq0;1 + 62) = coq6;) coq6>) — sin(61) sin(6>)
e/? = cod#) + j sin(6)



