EEE2035F: Signalsand Systems | 1. (5 marks) The periodic signal
x(t)
Class Test 2 AN 1% A
5 May 2008 2 M N2

has a Fourier series representation

Name: ad .
x(t) = Z cpelkrt
k=—
Student number: _ =
with
0 k=0
Ck = .
Basin(2) ko=41,42,...
Information . ) - .
(a) Plot the Fourier series coefficients (magnitude andg)haser the rangé = —4 to

e The testis closed-book. k =4,and
e This test hagour questions, totalling 20 marks. (b) Plot the Fourier series coefficients of the sign@l— 1) over the same range.
e There is an information sheet attached at the end of thisrpape
e Answerall the questions. (a) For even values df we havecy = 0 since sika”) = 0. Thusc) =c2 =c4 =0.
e You have 45 minutes. Also,
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and 2 2 2 2
Ca = 1) = — el = = _pin—ijn/2 — _Z_,j7/2
} j32n2( ) eJm/2972 972 9m2

Sincex (¢) is real, the magnitude plot is even and the phase plot odd:
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The shifted signal is

2. (5 marks) Use the Fourier integral directly to find the sfanm of each of the following
o0 00 oo signals:
yO) =x(t—1)= Y e = 3" ekt = N g elk @) x1(t) = 8(t) + 8¢ — 2),
koo koo ke (b) x2(1) = e u(—1).
which has Fourier coefficients, = cxe=/%. Now |dy| = |ex| andZdy = Zex —k, so
the magnitude is as before and the phase is
2 3 3 (a) From the definition of the Fourier transform,
S o= M e M M X(w) = / [8@1) +8(t —2)]e™/*tdr = / S(t)e 7 dy +/ 8(t —2)e /°'dr
-2 I I I Ld I I I Ld ! oOoo oo = °°
-4 -3 -2 -1 0 1 2 3 4 = / 8(t)e= /gy +/ 8(t —2)e 79D qy
k oo oo

= e /0O / $(t)dt + /0@ / 8(t —2)dt = 1 +e7722,

(b) From the definition of the Fourier transform,

o . 0 . 0 .
X(w) =/ eXu(—t)e Il ds =/ e IOty =/ @i gy
(o] (o]

00
0

= ;e(z—jw)f — 1 [eZte—jwt]O _ 1
2—jw o 2—JO e 1)
1

2—jo

(1-0)




3. (5 marks) A signak(z) has the following Fourier transform (the phase of the tramsfis 4. (5 marks) Sketch the magnitude and phase of the frequesppnse function
zero): 10

H(w) =
|

X (o) (14 jw)?
o! 20

w

Sketch the magnitude of the Fourier transformx¢f — 5)e/3" . By reasoning in the complex plane

Applying the time shift property witla = 5 to the Fourier paix () <= X(w) gives the
new Fourier pair
x(t —5) <= X(w)e /5.

The frequency shift property witlhy = 3 states that for any valid Fourier pair

t Y (w) it must be true that . . .
() = Yw) we see that the quantity+ jo can be written in polar form as
j 3t
y()e!”' <= Y(w —3). 1+ jo = mej arctar(w)
We can apply this to the pair above by letti =x(t -5 andY(w) = X —jse;
Ry P yletting) = x( ) (@) (@)e Thus we can writdd (w) in magnitude and phase form:
x(t —5)e’¥ = X(w —3)e /5@
t=5) (@=3) Hw) = 10 _ 10 _ 10 2t
The right hand side of this expression is the required Fotra@sform, and its magnitude [VT+ @2ejacato))z (1 4 ?)e/220@@) 1+
is just X (w — 3): Thus|H(w)| = 10/(1 + ©?) andZH(w) = —2 arctarw):
IT ‘ X(w) 10
Y 23 @ g 5
0
-5

0 H(w)




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)



