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1. (a) 

Audio ' 

.. 2- [EEE 228E] 

Consider the simple FM stereo transmitter shown in Figure 1. 

Periimbangkan penghantar stereo FM ringkas yang ditunjukkan da/am 

Rajah 1. 

[i] Sketch the signals L +R and L-R. 

Lakarkan isyarat-isyarat L +R dan L -R. 

[ii] If the outputs of the two adders are added, sketch the resulting 

waveform. 

Jika keluaran dua penambah ditambahkan, lakarkan hasil 

ge/ombang. 
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Figure 1 
Rajah 1 

L-R 

-1 

L(t) 

2 

0 

-1 

(b) Explain fully the sampling property of the unit impulse function. 

Huraikan dengan lengkap ciri pensampelan fungs; dedenyut unit. 
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2. (a) 

-3- [EEE 228E] 

Consider the system with an input t(t) and output yet) specified by 

y(t) = t(t-2) + f(t+2). Determine if the system is causal or non-causal. 

Justify your answer. 

Pertimbangkan suafu sistem dengan masukan f(f) dan keluaran y(t) yang 

dispesifikasikan oleh y(t) = f(t-2) + '(t+2). Tentukan sarna ada sistem ini 

adalah kausa/ atau tidak kausal. Jelaskan jBwapan anda. 

(4%) 

(b) The signal x(t) = reet(t /2) is transmitted through the atmosphere and is 

reflected by different objects located at different distances. The received 

signal is 

Suatu isyaraf x(t) = reel(t / 2) dihantar melalui atmosfera dan dipantulkan 

oleh objek-objek berlainan yang berlokasi pada jarak-jarak berlainan. 

Isyarat yang diterima ia/ah 

y(t) = x(t) + o.sx(t - ~) + O.2Sx (t - T~ T» 2 

Signal y(t) is processed as shown in Figure 2. 

Isyarat y(t) diproses seperti yang ditunjukkan dalam Rajah 2. 

[i) Sketch x(t). 

Lakar x(t). 

[ii] Sketch y(t) for T = 10. 

Lakar y(t) untuk T = 10. 

[iii] Sketch z(t) for T = 10. 

Lakar z(t) untuk T .= 10. 

(6%) 

. (7%) 
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Figure 2 
Rajah 2 

[EEE 228E] 

Delay , 
T 

, 

! 
8 

, 
... + ... , z (t) 

State, with reasons, whether the following signals are periodic. or 

aperiodic. For periodic signals, find the fundamental frequency and the 

period. Also state which of the harmonics are present in the series. 

Nyatakan, dengan sebab, sama ada isyarat-isyarat berikut ada/ah berka/a 

atau tidak berka/a. Untuk isyarat berka/a, cir; frekuensi asas dan kalanya. 

Juga nyatakan harmonik-harmonik yang manakah hadir da/am siri 

tersebut. 

[i] Xl (t) = 2 sin 3t + 7 cos 1l:t 

... 5/-
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4. 

- 5- [EEE 228E] 

(b) Find and sketch the Fourier transform of 

Cari dan lakarkan jelmaan Fourier untuk 

(a) 

[i] f(t) '" ree{;' J 
(6%) 

[ii] Using the properties of the Fourier transform (refer to Appendix A: 

Fourier Transform Operations), determine the Fourier transform of 

the pulse 

Menggunakan eiri-eiri jelmaan Fourier (rujuk kepada lampiran A : 

operasi-operasi jelmaan Fourier), tentukan jelmaan Fourier untuk 

denyut 

x(t) = a reet {at / T 1 a > 0 . 

Sketch the discrete-time signal. 

Lakar isyarat masa-diskret ini. 

(-k+8){ u [k-6]-u [k-9]} 

(4%) 

(b) Use iteration to find- the first two terms of the difference equation if f[k] is 

the unit step function. 

Gunakan kaedah iterasi untuk menear; dua sebutan yang pertama bagi 

persamaan bezaan berikut jika f[k] ia/ah fungsi langkah unit. 

1 
y[k]+y[k-l]+-y[k-2]=J[k], k~O 

4 

y[-l] = 0, y[-2] = 1 

(4%) 
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(e) Figure 3 shows signals x(t) and g(t). 

Rajah 3 menunjukkan isyarat-isyarat x(t) dan get). 

x (tJ 

1 1 --

--~--------~---.~ t o ---r----~--------~---.~ t 
1 

Figure 3 
Rajah 3 

3 5 

[i) Express each of the signals in Figure 3 by a single expression 

using the unit gate function, reet(t). 

Ungkapkan setiap isyarat da/am Rajah 3 oleh satu ungkapan 

menggunakan fungsi get unit, rect (t). 

[ii] The resulting convolution, e(t) = x(t) * get) . Find and sketch e(t). 

Hasil konvolusit e(t) = x(t) * g(t) , Cari dan lakar crt). 

.,,7/-
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5. (a) 

- 7 - [EEE 228E] 

Consider a system S with input x{k] and output y[k). The system is 

obtained through a series interconnection of a system S1 followed by a 

system S2. The input-output relationships for S1 and S2 are 

Pe!iimbangkan suatu sistem 8 dengan masukan x[kJ dan keluaran y[k]. 

Sistem ini diperolehi melalui sambungan siri sistem S1 diikuti oleh sistem 

S2. Periha/an masukan keluaran untuk S1 dan 52 ialah 

where Xl [k] and x2 [k] denote input signals. 

yang mana Xl [k] dan x2 [k] mewakiJi isyarat-isyarat masukan. 

[I] Determine the input-output relationship for system S. 

Tentukan perihalan masukan keluaran untuk sistem S. 

[ii] Does the input-output relationship of system S change if the order 

in which 8 1 and 8 2 are connected in series is reversed 

(Le., if 8 2 follows 8 1)? 

Adakah perhubungan masukan keluaran sistem S berubah jika 

susunan S1 dan S2 yang bersambung sirl diterbalikkan 

(yakni, 82 dahulu diikuti 8 1)? 

(b) Compute the four-point OFT and IDFT for the waveform of Figure 4. 

Kira OFT dan 10FT empat-titik untuk gelombang dalam Rajah 4. 

...8/-
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6. (a) 
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Figure 4 
Rajah 4 

Find the first five terms of f[kJ using long division method if 

[EEE 228E] 

k 

(12%) 

Car; lima sebutan yang pertama untuk t[kJ menggunakan kaedah 

pembahagian panjang jika 

- 2Z4 + 5z 3 + Z2 - 6z + 3 
F[z] = 2 

z -z-2 

(b) Show that the transfer function of a unit delay is .!.. . 
z 

Tunjukkan bahawa fungs; pindah suatu unit /engah ia/ah !. 
z 
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.. 9 .. [EEE 228E] 

(c) An LTID (linear, time-invariant, discrete-time) system is described by the 

difference equation 

Suatu system LTIO (masa-diskret lelurus, tak ubah masa) diperihalkan 

o/eh persamaan bezaan 

y[ k ] + 3 y[ k - 1] = f[ k J 

with the input I[k] = GJ u[k 1 and initial condition y[-!) = 1. 

dengan masukan I[k] = Gr u[k] dan keadaan awalan Yr-l} = 1. 

[i] Find the z~transform of f[k). 

Cari jelmaan z untuk f[k]. 

[ii] Find the zero-state response y[k}, by using the unilateral 

z-transform. 

Cari sambutan keadaan kosong, y[k} menggunakan jelmaan-z 

unilateral. 

- 00000·-
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APPENDIX A 
LAMPIRANA 

A Short Table of Fourier Transforms 

J(t) F(w) 

e-otu(t) 1 
a+jw 

eotu(-t) 1 
a -jw 

e-4ltj 2a 
a2 +w2 

te-otu(t) 1 
(a + jw)2 

tne-otu(t) n! 
(a + jw)n+l 

6(t) 1 

1 27r6(w) 

eJwot 21t6(w - wo) 

cos wot 1I'{6(w - wo) + hew + wo)l 

sin wot j7r{6(w + wo) - 6(w - wo)} 

u(t) 1t6(w) + j~ 

sgnt 2 
jw 

eos wot ti( t) i{6(w - wo) + 6(w + wo)J + ClJt~w2 

sin wot uCt) ~[6(w -- wo) - 6(w + wo)] + ",l'!W5 _ () 

e-o.tsin wott£(t) (Q+i:'f5+wg 

e-ot cos wot t£(t) 4+1w 
(a+jw'+wR 

reet (~) T sine ('2T) 

'!" sine (W t) reet (~) 

A (f) ~ sinc2 (.T) 

~ sinc2 (~t) A (2W) 
00 00 

2: oCt -' nT) Wo 2: 6(w - nwo) 
n=-oo ·n=-oo 

e-tll /2(Y1l uyi2;e-ull "",2/2 

_',... ... e· 

- 1 -
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a>O 

a>O 

0>0 

0>0 

a>O 

a>O 

a>O 

wo=~ 



APPENDIX A 
LA MPIRAN A 

[EEE 228E] 

Fourier Transform Operations 

Operation f (t) F(w) 

Addition fl(t) + f2(t) Fl(W) + F2(W) 

Scalar multiplication kf(t) kF{w) 

Symmetry F(t) 21r J( -w) 

Scaling (a real) j(at) 1 (~I) j;iF ; 

Time shift f(t - to) F(w)e- jwto 

Frequency shift (wo real) f(t)e iwot F(w - wo) 

Time convolution fl(t) * f2(t) Fl (w )F2(W) 

Frequency convolution J\(t)f2(t) 
1 

21r Fl (w) * F2(W) 

Time differentiation 
dnj 

dt n 
(jw)n F(w) 

Time integration loo !(x) dx 
F(w) 
-. - + 7r P(O)6(w) 

JW 

- 2 -
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APPENDIX 8 
LAMPIRANB 

B.7 Miscellaneous 

8.7-1 L t H6pitar's Rule 

If lim 1 (x) / 9 (x) results in the indeterministic form 0/0 or 00 / 00, then 

l ' f(x) _}' j(x) 
1m g(x) - 1m g(x) 

8.7-2 The Taylor and Maclaurin Series 

f(x) = I(a) + (x ~ a) j(a) + ($ ;ra)2/(a) + ... 
. 2 

f(x) = 1(0) + TIi(O) + ~! i(o) +.,. 

B. 7-3 Power Series 
x 2 x 3 xn 

eX = 1 + x + - + - + . .. + - + ' .. 
2! 3! n! 

. x 3 x 5 x 7 
smx=x--+---+··, 

3t 51 71 

x 2 x' x 6 x 8 

cosx=l--+---+-- .. · 
21 4! 61 81 

x 3 2x5 17x1 
tan x = x + - + - + -- + .. . :z;2 < 1r2/ 4 

3 15 315 

x 3 2x 15 17x7 
tanh x = x - - + - - -- + ' . . x 2 < 11"2/4 

3 15 315 

[EEE 228E] 

(1 + x)n = 1 + nx + "(n - 1) x2 + n(n - 1)(11 - 2) x3 + . ,. + (n)xk + " , + xn 
2! 31 k 

~ 1 + nx Ix!' ~ 1 

1 23 --=l+x+x +x +, .. 
I-x 

8.7-4 Sums 

~ r k+1 
- 1 

~rm= __ _ 
m=O r-l 

r # 1 

~ r N +1 _ rM 
L.t rnt = ----

mz}.f r-1 

Ixl < 1 

- 3 -

55 



APPENDIX 8 
LAMPIRANB 

8.7-5 Complex Numbers 

e±jfr/2 = ±j 

{
In even 

e±jnfr = 
-1 n odd 

e ±j9 = cos 8 ± j sin 8 

a + j b = r e,9 r = v' a'2 + b2 , 

(re j8 )k = rlcei le9 

(rle'SI )(r2e;6~) = rlr2ej(91 +83 ) 

8.7-6 Trigonometric Identities 

e±# = cos x ± j Bin :z: 

cos x = ![ej:z: + e- j %] 

sin x = t.;[ej
% - e- i %] 

cos (x ±~) = =fsin x 

sin (x ± i) = ± cos x 

2 sin x cos x = sin 2x 

sin2 x + cos2 :z: = 1 

cos2 
X - sin2 x = cos 2x 

cos2
:t = i(1 teos 2x) 

sin2 x = ~(1 - cos 2x) 

cos3 x =; j(3 cos x + cos 3x) 

sin3 x = i(3sin x - sin 3x) 

sin (z ± 11) = sin :z; cos 11 ± COB x sin tI 

cos (x ± 11) = cos x cos 11 =F sin x sin II 

tan x ± ta.n 'II 
tan (x ±y) = ----~ 

1 =F tan x tan 11 

sin 'x'8i~ Y.= ~[cos(x - y) - Cos {x + 1/)] 

cos-zeos y = ![cos(x-y)+cos(x+y») 

sin x COB 11 = ! (sin (x - y) + sin (x + II)] 
a cos x + b sin x = C COB (x + 8) 

in which C = Va 2 + b2 a.nd f) = ta.n- I (~b) 

- 4 -

56 

[EEE 228E] 



APPENDIX B 
LAMPIRANB 

8.7-7 Indefinite Integrals 

! 14 dv = tLV - ! v du 

! J(x)g(x)dx = 1(x)g(x) - J j(x)g(x)dx 

Jain ax dx = -; cos ax 

! . 2 d x sin 2ax 
sm ax x=-----

2 4a 

f l. 
COB axdx = ;8m ax 

! 2 :z: sin 2ax 
cos ax dx = 2' + 4a 

! x sin ax dx = a12 (sin a·x - ax cos ax) 

J x cos ax dx = a~ (cos ax + ax sin ax) 

! x 2 sin ax dx = a13 (2a% sin ax + 2 cos ax - a2 x 2 cos ax) 

J x 2 cos ax dx = a13 (2ax COB ax - 2 sin ax + a2 x 2 sin ax) 

! . . b d sin {a - b):Z: sin (a +b}x a2.J. b2 
sm axsm x :z: = 2(a _ b) - 2(a+b) r 

! . [cos (a - b)x cos (a + b)xj 
SID ax cos bxdx = - 2(a _ b) + 2(0. + b) 

J b 
sin(a-b}x sin{a+b}x 

C08 ax cos x dx = 2( ) + ( ) a-b 2a+b 

J 
e~~ 

ea
% sin bx dx = -2--2 (a sin bx -- b cos bx) 

a +b 

~-- dx = - In{x + a ) J x 1 2 2 

:z;2 + a2 2 

[EEE 228E] 



APPENDIX 8 
LAMPIRANB 

8.7 .. 8 Differentiation Table 

d d du 
dx j{u.} = du f{u) dx 

d dv du 
-(uv) = u- + v­
dz dx dx 

!!... (!)"= v~ - u~ 
dx V v 2 

dxn 
_ =nxn - 1 

dx 
d 1 

-In(ax) = -
dx x 

d loge 
-log(ax) = -
dx x 

d 
-eb% = ben 
dx 

8.7-9 Some Useful Constants 

1t ~ 3.1415926535 

e ~ 2.7182818284 

~ ~ 0.3678794411 

loglO 2 = 0.30103 

lOglO 3 = 0.47n2 

~"abx = b(ln a)abx 

dx 

d . 
-SIn ax = a cos ax 
dx 

d . 
-cos ax = -asm ax 
dx 

d a 
-tan ax = --­
dx cos2 ax 

~(sin-I ax) = a 
dx VI - a 2x 2 

d -a 
- (cos-1 a x) = --;;:=::::;=::;: 
dx vI - a2x 2 

d (-1 a 
-d tan ax) = 1 2 2 x +ax 

"8.7-10 Solution of Quadratic and Cubic Equations 

Any quadratic equation can be reduced to the form 

ax 2 + bx + c = 0 

The solution of this equation is provided by . , 

-b ± Vb2 - 4ac 
x= 

2a 

- 6 -
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No /1(t) 

1 I(t) 

2 

3 u{t) 

4 

5 e>"u(t) 

6 te>"u(t) 

7 

8 tmu(t) 

9 

10 

11 

13 

14 

- !!!!£ 

APPENDIX C 
LAMP/RANC 

TABLE 2.1: Convolution Table 

bet) 

6(t - T) 

u(t) 

u(t) 

tnu(t) 

ll& 

h (t) * h(t) = h(t) • ft(t) 

J(t - T) 

1 >., 
~tL(t) 

-A 

tu{t) 

e.\lt _ e>.,t 

Al - A2 U(t) 

te.\tu(t) 

n! e>.t ~ nl tn -; 

A"H U(t) - L...J ,xi+1(n _ j}! u(t) 
;=0 

minI tm+n+lu(t) 
(m + n + 1)1 

COB (8 - ¢)e>.t - e-at 
COB (pt + 8 - ~) u(t) 

-I(a + ).)2 + {j2 

¢:=; tan-l[-P/(~ + >.)J 

- 7 -
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No. /1{k) 

6(k - j} 

2 -yku(k] 

3 u[k] 

4 'Y~u[JcJ 

5 1'fu[k] 

6 k"Y~u{kl 

7 ku[le] 

8 -ykufk} 

9 -yku[k] 

10 hdc C08(/3k + 8)u[kl 

h[le} 

I(k] 

'U[Ic] 

u[lc} 

'YSu[k] 

APPENDIXC 
LAMP/RANC 

TABLE 9.1: Convolution Sums 

!t{k]. hfk) :::; hfk). /I[k] 

I[k -j} 

[I -~k+1 1 
1-,,( u(lc] 

(k + l)u{kJ 

[~.+1 _ .y"+I] 
1 2 uric) "1'1 1: 1'2 

1'1 - 1'2 

[EEE 228E] 

1'~tL[-(k + 1») _"1'_1 -'Yru[k1 + ~1'~til-(k + 1)] 
1'2 - 1'1 1'2 - 1'1 

h'21 > I"YlI 

')'~u{kJ 'Y11'2 [. • + 'YI - 'Y2 k .] Ik) ( )2'2 - 1'1 -- 71 u 
')'1 - 1'2 ,2 

1'1 # 1'2 

ku(k1 ~k(k - l)(k + l)u{k] 

,ku[k] (Ie + Ihku(lc] 

kulk) [ 'Y(-y. - I) + k(1 - 'Y)] u[k) 
(1 - ')')2 

1'~u[k] ~ O"nlk+l cos{/3{k + 1) + 8 - ¢) - ,;+1 cos(8 - 41)] U{k} 

R= [hlI2+,~-2hlh2cos,8r/2 

¢ = tan-1 [ (1...,.11 sin,B) ] 
(I"YlI cos t3 - ....,.~) 

- 8 -
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l(k] 

1 

2 
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4 

5 

6 

7 

8 

9 

10 

lla 

lIb 

12a 

12b 

12c 

APPENDIX D 
LAMP/RAN D 

[EEE 228E] 

Table 11.1: (Unilateral) z-Transform Pairs 

6[k - i] 

u[k] 

ku[k] 

k2u(kJ 

k3u(k] 

"Yk-1u{k - 1J 

,Jcu[k] 

k"Yku[k] 

k2'1ku [k] 

F[z] 

k(k - l)(k - 2)··· (k - m + 1) 
-yku(k] 

'")'mm! 

bile cos 13k 'ulk] 

hlk sin 13k u[k] 

rb!k cos (13k + 8)u[k] 

rhlk cos (Ok + 8)u[kJ ') = ble.i~ 

rhlk cos (13k + 8)u[kj 

r = ! A2!11~+B2-2AaB 
hl'2-f ,'l 

{3 = cos- 1 -Gr' () = tan- 1 Aa-B 
A)hI 2 -a::l 

- 9 -
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z 

z - 1 

z 

(z - 1)2 

z(z + 1) 
(z - 1)3 

z(z2 + 4% + 1) 
(z_1)4 

1 

Z-, 
z 

Z-,,{ 

-yz 

(z - ")')2 

lZ(z + '1) 
(z - '»)3 

z 
(z -l)m+l 

z(z - 11'1 cos 13) 
Z2 -- (2/11 cos {J)z + 1712 

zl;l sin /3 
Z2 - (2/11 cos /3)z + bl2 

n: [z cos 0 - b I cos (J3 - 9)} 
z2 -- (211/ cos (1)z + 1i12 

(O.5re j8 )z (O.5re-J8 )z "'----..:..... + ~-----::.... 
Z - ')' z - "Y. 

z(Az + 8) 
z2 + 2az + 11'12 



Operation 

Addition 

Scalar multiplication 

Right-shift 

Left-shift 

Multiplication by"/ 

Multiplication by k 

Time Convolution 

Frequency Convolution 

Initial value 

Final value 

APPENDIX D 
LAMP/RAND 

[EEE 228E] 

Table 11.2 

j[k} 

!Ilk) + !2[k) 

al[k] 

j[k - mJu{k - mJ 

J[k - m]u[k] 

l[k - l]u[k] 

f[k - 2]u[k] 

j[k - 3]u[k] 

j[k + m]u[k] 

f[k + l]1l[kJ 

f [k + 2]u.[ kJ 

f[k-+ 3]u[k] 

,/ f[k]ufk] 

kf[kJu[k} 

h[k] * J2[k] 

h [k}j2[kJ 

frO] 

limN-+oo f[N] 

F[z] 

FI [z] + F2[ZJ 

aF[z] 

1 
'-F[zJ zm 

m IlL k -F{zJ + - f[-kJz zm zm 
k=1 

1 
-F[z] + jf-l] 
z 

1 1 
-F{z] + -1[-1] + j[-2] 
z2 z 

1 1 1 
-F[zJ + - 1[-1] + - j[-2] + j[-3J 
z3 z2 z 

m-l 

zm F[z) - zm L j[k]z-k 
k=O 

zF[z] - z1[0} 

z2 F[zJ - z2 f[OJ - zf[l] 

z3 F[z] - z3 f[OJ - z21[1] - z/(2} 

d 
-z-F[z] 

dz 

lirn z -+ oo F[z] 

lirnz_l{Z - l)F[z] poles of 

(z - l)F[z] inside the unit circle. 

- 10 -
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