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Some Fourier Transforms
cos(wot +0) <= 7[6(w — wo)e ™ + &(w + wo)e’’]

rect(%) <= 7sinc(¥X)
Psinc(Wt) <= rect(3%)

%sinc2 (92‘;*-) — A(E)

(o]

where

{ 1—|w|, w1
Alw) =

0, otherwise.
Some useful trigonometric identities
cos(z +y) =coszcosy —sinzsiny

| sinz cosy = §sin(z — y) + 3 sin(z + y)

cosz cosy = 1 cos(z — y) + 3 cos(z + ).
Euler’s formula ‘
e* = cosz + jsinz.
Frequency modulation by a sinusoidal signal

orm(t) =A > Ju(B) cos(we + nwm)t.
where § = Af/B.
Table of Bessel Function values (recall that |J,(8)| = |J-n(8)]):
n|f=118=2|p=5|2=10
010.765 | 0.224 | -0.178 | -0.246
1| 0.440 | 0.577 | -0.328 | 0.043
2 [0.115 | 0.353 | 0.047 | 0.255

Roots of Jy(z):

| x | 2.4048 | 5.5201 | 8.6537 [ 11.7915 |
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The Questions

1. This question is compulsory.

(a) Consider the two signals z;(t) and z,(¢) shown in Figure 1.1.

x(t) x,(t)
2 2

0 2 t 0 1 t

Figure 1.1: The two energy signals z;(t) and z,(t). .

i. Determine the correlation coefficient between z;(t) and z(t).
[4]
ii. Determine the energy of y(t) = z1(t) + z2(2).
(4]
(b) Compute the Fourier transform of z(t) = e~*u(t), where u(t) is the
unit step function defined by

gt w P gioege
u(t)—{ﬂ for t<0
[4]
(c) The received signal s(t) = (cos 10t) cos 100¢ is multiplied by the local
carrier cos(100¢ + 6) and the result z(t) is fed to a filter that has the
frequency response

1 for |w| <30rad/s
Han= { 0 otherwise

giving the output y(¢), as shown in Figure 1.2.
i. For 6 =0,
A. Sketch and dimension the Fourier transform of z(t).
4]

B. Sketch and dimension the Fourier transform of y(t).

4

ii. for # = w/4 and 8 = 7 /2, write the exact expression for the output
y(2)-

(4]
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t x(t) y(®)
(1) /><\ e L0

cos(100t+8)
Figure 1.2: A receiver.

(d) Can the response of a linear-time-invariant (LTI) system to the input
z(t) be y(t) = 3z(t)? Justify your answer.

[4]
(e) Consider the FM signal

w(t) = Acos[2n fet + Ky f_t m(a)dal,

where m(t) = 20 cos(200t), k; = 107 and f. = 1000 Hz.
i. Compute the minimum and maximum instantaneous frequency of
p(t). '
[4]

[4]

(f) A sinusoidal source v(t) = 10sin(5007¢) Volts with internal resis-
tance R = 50 Q) is connected to a transmission line with characteristic
impedance Zy = 50 Q. The transmission line is connected to a load

7y, (see Figure 1.3).

ii. If the power of ¢(t) is 8, find the value A.

LR |

Vo exp(jot) e SR

Figure 1.3: A transmission line connected to a sinusoidal source.

i. Choose Zp, so that there is no reflection in the line.
2]
ii. For the value Z; you found in part (i), find the exact expression
for the current flowing in the circuit.
2]
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2. Consider the FM signal
t
@(t) = 10cos[2m ft + kf/ z(a)dal,

where f, = 2000 Hz, k; = 167 and z(t) = A cos 167t.

(a) Using Carson’s rule, the bandwidth of ¢(t) is Bpy = 96 Hz. Compute
the amplitude A of z(t).

. [6]
(b) Sketch and dimension the Fourier transform of z(t).
[6]
(c) Compute the power of the modulated signal ().
[6]

(d) The modulated signal is now passed through an ideal band-pass filter
H(w) centered at w, = 27 f, rad/s with a bandwidth of 407 rad/s (see
Figure 2.1). Determine the power of the output signal y(t).

[6]

H(w)

—-0—0 —6} -0+ 0 Q-0 mc o+l ®

Figure 2.1: Ideal bandpass filter. In this case, w. = 27 f. and @ = 207 rad/s.

(e) Find the smallest value of ky that guarantees no power is transmitted
at the carrier frequency.

[6]
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3. A lowpass signal z(t) has the Fourier transform shown in Figure 3.1. This

X(w)

1 2 ®

Figure 3.1: Fourier Transform of z(t).
signal z(t) is applied to the system shown in Figure 3.2. The block marked
by —m/2 represents a block performing the Hilbert transform. The filter

with transfer function H(w) is an ideal lowpass filter with cut-off frequency
we = 1 rad/s. That is, H(w) =1 for |w| < 1 rad/s and is zero otherwise.

® x(0)
|
i costaon) () %0 Ho) |-
a
1O ® cos(2000t)
|
sin(20001)

Figure 3.2: System

(a) Sketch and dimension the Fourier transform of z;(t).
[6]
(b) Sketch and dimension the Fourier transform of z(t).
[6]
(c) Find an exact expression for y(t).
6]
(d) Find an exact expression for z(t).
(12]
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4. Consider a linear time-invariant system h(t) where the input z(t) and out-
put y(t) are related by the following linear differential equation:

Pylt) _ dy) da(t)
e =+ gt + By(t) = & az(t).
(a) Find the transfer function of A(t). Recall that the transfer function is
defined as Y (w) = H(w)X (w).
[6]
(b) Find the value of a such that H(w) = 0 for w = 0. Then choose § so
that |H(w)|? has its maximum when w = 2 rad/s. (Assume (3 is real
and 8 > 0).
[6]
(c) Assume that z(t) = e~*u(f). Compute the Energy Spectral Density
(ESD) of z(t).
[6]
(d) Compute the autocorrelation function ¥(r) = [, z(t)z(t + 7)dt.
[Hint: Recall that in this case (1) = ¥(—7)].
6]
(e) Verify that the Fourier transform of 4(r) is equal to the ESD of z(t).
[Hint: Use the fact that z(—t) & X(—w)].
(6]

E1.6 Communications 1 Page 6 of 6



UTTE T T Lujr,u,; w;l'wl—u!w ”}ﬁ JULITrE FRULReIe ) i) gl g emibyoe :|

el testrton ISl e =00 Susmml ol anlt oxl bovmakdisr g ||||\| Bi |

et Il s
'-mr-Lﬁl— i L A,

ri Molitoe? rodaroet aifl 'Urdd =@ o7 6 D omidamdl odea st ol Bl ju

. PEE S == - 1Y as biritalh

i

ot sl s o Wi 3i=i W ded o r % NS ALh Batl

bupeni p sagpusad ) ayfeey 3 nashy ppcsmpsam we sl Mo % mibn
(U € ¥ han
10

el [Bwewpd vyzia ol ofogue ™ XN 3 = pee wdd spueesyy o0

||r|T
~ i

ml

|'|T:—[| “““3

r ‘l!".l”l'l?' ‘ s F =Kz bl et e ol :'}:I'I'I'mnn.’ '
L= 0 et e Bpay] i)

G)s 10 L2 mus 0 Lol 1 N3 'NE iy moliebasy sl 550 Sakt TR

[

s = 59 e v e e vuid pde=il wal"

i Fal T TS =N R



: N
10 ComMnuN CATION S 1

Levd - [y 4 {

\S\ 6 Lu™(

Qut sTov 4



X
@ No.  Sud N SYSTEN 1 Mol eLINEAN .
Fon ) N STAWCE (ver)
SHCHE I (4 =% "
.0 = Y (9 :yt((-)
ISVA) 1
WOESACEE R < ([ *Q”‘L(*D L3y, 161l

oo_lP le’

0 SHw b
(/\ W((W) ° \L(\'\ A JAb < SJ 3 0“. _

o







L

(L.

fn!-w"’ {(
| ‘e\‘\\u" €‘-—

p\{, lf )

-
—

5 10,_1!;’4
10T

~ o Y
Y\

=D

-
-

_ lovo 4oy zllov® Hq_

%00 H'].

Azl



QUFSHON 1 R
() B - 2(8048) <2 (M2 p) -

= 1(3'““p+8>-=‘)(, =D 16"“‘:'-'-50 =DMP=5 ,

(b) ] ()
I A
-5 )/ W

A ’},{_ - S . THE Qo DULATED  SIGWAL (AWM 1HE

(L) O

W (e s
J ¢q (¥) = fomiwjm(b) cos(w(_mww)é

s | 6T R/ § W W {="ro0oHy .

AnS Follows

UEw]

PWTEnN G \

C(’p QELS % ‘3«~(09)¢°S(dewm§(‘

AVID

THLVS Twib PoWhW \§

\‘)-n-:.{\': 3. p).\. N@Ll \0 5 P)’\N
1.
. 5o (o198 oo ota) =123
(£) Tens  sapvens WK B c,‘:;jf)_.h 0

\l‘o‘\p . )
i S0b =n P s



GuEITIoN 9

<0~) ; ? ('r) -:y(\-) (0of )oeo £

_:af\, ..{w, A% J /wo\ \ >uJ

1343 py)j Lo ‘\.\:01

U)) R b’ # (OS’LOM'( Y*u( 41w Yoos £

TH%, \LL(\') Ly Ay §3B-L9H RoNulATEY
S5\ LwaL .

—[:\'w WA P

- 10\90 J



O INIE IR {3

t
{_l’}__
-,
ﬂ\\'\', S.;(')lw((k-)
(3) Y(w) eav WE WMTTEV NS Follow §

w\*@%\@\ﬁ%ﬂ

MOE A(w*\) «rl&(w) v b.(w-\)

\WHEnS s \w\ W4
bkﬂ g

. o THELWIIE

Sl e elp)

L
TV §



(o\) TaWwe G TRHE FoUYUE ThAwSFoRY oW Bolp
61 NES

-W

o) v () VRV )5 ¥l W

=D l-k\v-\=:/_£f2 ~ Y
Y[w) ot aiwyf

€

\L\k\ﬂ) T —
\ (?-Wb)l\.w)' (,L"whplqwx*wb

M\. ,’ 1:(—“’“*(-"]??“L:PL) -i( Ly w\’ \,1(1..1.())00:) ]
NEN wh (“1?\"‘ ALY

1 5
Lw? 41wl =WV Lw(Q’L- wl‘)zo

EESRR sl :\)

- ——

( ) £ w.,@;l s
o2l






7
Jm, ﬂw)x’[ > 083
(71l :
L’t’-p-l) X (’?‘H} X UM | J).u.)‘:!,;- (-ﬂ_-j(.
” QUHT
T l ‘”0(%4 #fy Jt' s ('T
41 - 7. (#44. 3.
: 4k 3 g =1 L - KR < E
; \
ol sey
U0 & (99. g
i .
Ly ™ (Pla - 2 Ir_ ;@’4-‘&}
! ) l. .'Fw-au?
(-r(,-fh { ( Jor g JI_
(i | ) = (Telur u.i i (“J e L Ve
W & 4 £




