EEE2035F: S| gna|s and &/Sterns | 1. (5 marks) Find the Fourier transform of the functigin) = u(2r) + u(t — 1).

Class Test 2
The functiong (1) = u(2¢) + u(t — 1) = u(t) + u(t — 1) has Fourier transform
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e The testis closed-book.

e This test hagour questions, totalling 20 marks.

e There is an information sheet attached at the end of thisrpape
e Answerall the questions.

e You have 45 minutes.




2. (5 marks) Find and sketch the Fourier transform of theaign
y(t) = e~"u(t) = sin2nt).

(Note that %” in the above expression denotes convolution.)

Letting x; () = e "u(¢) andx,(r) = sin(2wr) we can writey (1) asy(t) = x1 (1) * x2(2).
In the frequency domain this correspondsi@) = X, (w)X>(w), and we are required to
find Y(w).

The signals in the frequency domain are

%) = 1+ jo
and
Xo(w) = jr[b(w + 27) — §(w — 27)],
SO .
Y(@) =+ fjw 8w + 27) — 8(w — 2m)].

The time domain signal is the inverse transform

0 =5 [ Y@erdo = o [ 50 + 2m) - 80 - 20l do
T

—o0 2r Jooo 1 + jo
1 © j : 1 *© j :
- I §(w + 27)e @ dew — — I §(w —21)]e/® dw
2r Jooo 1 + jo 27 Jooo 1 + jo
_ L jn e—J2mt _ jn o2t
2w |1 —j2m 1+ j2n

(Ugly way of doing this, but can massage into sinusoidal fprm

3. (5 marks) Consider a system with the following transferction:

H) = 22,
1+ /50
(a) Sketch the magnitude of this frequency response.
(b) What kind of filter does the system represent?

(c) What is the output of the system if the input is the sign@) = cog2¢)?

(&) We have a ratio of complex numbers, so want numerator eandrdinator in polar form.
For postitivew we havej 5o = 5we/™? andl + j50 = /1 + (5w)2e/2@50) 5o

Jho Swel™/? _ X0 jn/2-atar5w))
L+ jSo /1 + (Bw)2e/a@Ge) /14 (5w)2

can similarly work out the case for negatiwe The plot of the magnitude is below:

H(w) =

1

05F

[H(w)]

o

(b) Itis a highpass filter (eliminates DC and low frequengies
(c) Sincex(t) = 1/2e72" + 1/2¢772 the output is

, o 1 j5Q) 1 j5(=2)
1) =1/2H@2)e’* +1/2H(-2)e /% = 2y 2
V(1) = 1/2H(2)e/> + 1/2H(-2)e 214750 T21+752)°
Letting
J5Q2) g 10 r/2—atar10))

= ——e¢

I e
1+/5(2) P V101
this can be written as

y(6) = 1/2pe??e® +1/2pe™/0e™7% = p/2(e/*1F 4 IR = pcog2s + 6)

10
= 75 cog2t + (m/2 — atan(10)))




4. (5 marks) Find the inverse Fourier transform of the fuorcti INFORMATION SHEET

X(w) = 3+j:);j4€jw' Fourier transform properties
Property Transform Pair/Property
Linearity ax(t) + bv(t) < aX(w) + bV(w)
Start with transform pair Time shift X —e) o X(@)e™/
1 Time scaling x(at) & 1X(2) a>o0
673tu(t)<—> - Time reversal x(—t) © X(~0) = X(0)
3+ Jo Multiplication by power oft t"x(t) « j" d‘f:',, X(w) n=1,2,...
Using frequency translation Multiplication by complex exponential x(1)e/?0" & X(w —wo) wo real
Multiplication by cogwo?) x (1) codwot) < %[X(w + wo) + X(w — wo)]
e_3fu([)ef4t<i>%. Differentiation in time domain “fT'f,x(t) < (jo)"X(@) n=1,2,...
3+ j(w—4) Integration [ oo x(WdA & 5 X(@) + 7X(0)5(@)
Using time shift Convolution in time domain x(t) * v(t) < X(0)V(w)
Multiplication in time domain x()v () < ﬁX(w) * V(w)
_ . F 1 . Parseval's theorem 22 x(@v@)dt = 3£ [22 X (@) V(0)do
e 3(t+l)u(t + 1)‘«’]4(I+1)<_’mem)~ Parseval's theorem (special case) oo x2(@)dt = #sz‘;c X (0)|2do
Duality X(t) © 27x(—w)

The required inverse transform is therefore

P(t) = 663Dy (¢ 4 1) 4+, Common Fourier Transform Pairs

x(1) X(w)

1 (—oo<t<o0) 2n8(w)

—0.5 4+ u(t) ,%

u(t) w8 (w) + /Lw

§(t) 1

8@t —c) e~/®¢ (¢ any real number

e~ bru(r) W b >0)

e/®o! 278(w —wo)  (wo any real number
p(t) Tsincs2

sinctL 27 pe (@)

(1-22) pe (o) Zsind (32)

Zsinc FL 21 (lfy)pt(w)

codwot + 6) wle™98(w + wo) + e/98(w — wo)]
sin(wot + 6) Jjrle798(w + wo) — e/?8(w — wo)]

Trigonometric identities

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

sin?(0) + cog(F) = 1 sin(26) = 2 sin(6) co6)

c0920) = cos () — sin?(0) = 2co(8) — 1 = 1 — 2sin*(6)

sin(01 + 62) = sin(61) co96>) + cog0;) sin(62) coq0;1 + 62) = coq6;) cog6>) — sin(61) sin(6>)
e/ = cod#) + j sin(6)



