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‘ EEE 228 — ISYARAT DAN SISTEM

Masa: 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi ENAM muka surat dan DUA
BELAS muka surat LAMPIRAN yang bercetak sebelum anda memulakan peperiksaan ini.

Kertas soalan ini mengandungi ENAM soalan.

Jawab LIMA soalan.

Mulakan jawapan anda untuk setiap soalan pada muka surat yang baru.

Agihan markah bagi setiap soalan diberikan di sudut sebelah kanan soalan berkenaan.

Jawab semua soalan dalam bahasa Malaysia atau bahasa Inggeris atau kombinasi
kedua-duanya.
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Jelaskan secara ringkas,

Briefly explain,

(a)

(b)

(c)

(d)

(a)

(b)

interpolasi lelurus.

Linear interpolation.

Teori pensampelan.

Sampling Theorem.

Pembahagian multipléx frekuensi.

Frequency Division Multiplexing.

Pengesan Segerak atau Jelas.
Synchronous or coherent detection. (100%)

Bagi isyarat diskret
For the discrete-time signal

lakarkan x(0.57 +1)
sketch x(0.5n+1)

Carikan penjumlahan pelingkaran y[n] = h[n]* x[n]bagi pasangan jujukan

terhingga berikut:

Find the convolution summation y[n]= hln]* x[n] for the following pair of finite
sequences:
x[n]={1,2,3,0,-1}, A[n]={2,-1,3,1,-2}
.. 3l-



(a)

(b)
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(©) Nyatakan tiga sifat pelingkaran.

State three properties of convolution.
(100%)

Cari dan lakarkan integrasi konvolusi bagi isyarat f(t) dan g(t) yang ditunjukkan

dalam Rajah 3(a).

Find and sketch the convolution integral of the signals f(t) and g(t) shown in

Figure 3(a).
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Rajah 3(a)
Figure 3(a)

Cari dan lakarkan hasil konvolusi bagi isyarat c[k] dan m[k] yang ditunjukkan

dalam Rajah 3(b).

Find and sketch the convolution sum of the signals c[k] and m[k] shown in

Figure 3(b).
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Rajah 3(b) .
Figure 3(b)

Satu isyarat diskret masa diberikan oleh persamaan:-

A discrete-time signal is given by the equation.-
' 4k
vk =455 otk -2 301k

Lakarkan isyarat ini.

Sketch this signal.
(100%)

Dengan menggunakan definisi jeimaan Fourier, cari jelmaan Fourier untuk

Using the definition of Fourier Transform, find the Fourier Transform of

Q) e "u@)

i f0= rect(i) (40%)
T
.5)-
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Jelaskan secara ringkas,

Explain briefly,

) Proses Modulasi.

Modulation Process.

(i) Kadar persampelan Nyquist.

The Nyquist sampling rate.
(30%)

Tentukan kadar bersampelan Nyquist dan julat persampelan Nyquist bagi

isyarat berikut:

Determine the Nyquist sampling rate and the Nyquist sampling interval for the

signal:
sinc?(100mnt)
(30%)
Dengan menggunakan jelmaan- z, tunjukkan bahawa -
Using the definition of z-transform, show that
k-1
v ulk -1} <
z—y
(30%)
Cari 3 ungkapan pertama f[k] jika
Find the first three terms of f[K] if
27 +132° +z
[z]=— 2
22 +7z°+2z+1
(30%)
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(c)

(a)

(b)
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Selesaikan
Solve
dylk +2)+dylk +1]+ y[k)= [k +1]
With y[-1]=0, y[-2]=1 and f[k]=u[k]
(40%)

Cari sambutan keadaan kosong bagi sistem LTID dengan fungsi pindah

Find the zero state response of an LTID system with transfer function

Hiz] = 2z+3
- (z=2)z-3)

Jika
If

STkl =ulk] (40%)

Cari siri Fourier diskret bagi f[k] seperti dalam Rajah 1.
Find the discrete-time Fourier series for the flk] shown in Figure 1.

(60%)

0000000000
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A Short Table of Fourier Transforms

1®) F(v)
1 e *tu(t) ! a>0
a+jw
¢ 1
2 etu(—t) - a>10
a— jw
—a 2a
_ 3o ‘.tl a2+ w? a>0
4 teetu(t) o - a>0
(e +jw)?
1
5 tre tu(t L LLRE >0
—etu() R .
6 &(1) 1
7 1 : 2x6(w)
g et 2x6(w — wo)
9  cos wot x[6(w = wo) + 8(w + wo)l
10 sin wet jxl6(w + wo) — 8(w — wo))
11 u(t) C oxb(w) + 3—1;
2
12 sgnt 55
13 coswotu(®) - 56 —w0) + 80wl + ofs
14 Sili_ wot u(t) —2!3:[5((‘) -— wo) — 6(w + wo)] + .“—’z“-.i_ﬂ—w—z-
—atl .2
15 ¢ *'sin wotu(t) -(—G'Tj—;’%mz . . a>0
16 e *cos wot u(t) .(;+—‘;3§,ﬂ’+—;z a>0
17 rect (%) rsinc (*45)
18 ¥sinc(Wt) rect (357)
10 A gainc? ()
W o w
20 §Zsind® () A(5%)
o0 o .
21 Z 6(t - nT) Wy Z 6(w — nwo) ] wo = 2%
n=—00 _n=—oo
22 et 247 oy ome—0 W /2
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Fourier Transform Operations

Operation F () F(w)

_ Addition 1) + f2(t) Fy(w) + F2(w)
Scalar multiplication kf(t) kF(w)
Symmetry ' F(t) 2x f(—w)

. 1 w

Scaling (a real) f(at) I—a—IF (Z)
Time shift F(t —to) F(w)e 3vto
Frequency shift (wo real) f(t)ed ot F(w — wo)
Time convolution ) £1(t) = £2(¢) Fy(w)Fa(w) ‘.
Frequency convolution F©OF20) 2—11;19.1 (@) * Fa(e)
Time differentiation % (Jw)"F (w)

. - ‘ F (w)
Time integration / f(z)dz + F(0)6 (w)
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Convolution Table

12 cos (Bt + O)u(t) e Mu(t)

No (Y f2(t) f1(t) * f2(t) = f2(t) * f(2)

1 f(®) 6(t—-T) f(t=T)

2 eMu(t) u(t) - u(t)

3 u(t) u(t) tu(t)

= JRYTIN -

4 . eMty(t) *ty(t) —)\1—_——— u(t) A1 # A2
5 eMu(t) Hu(t) ()

6 tektu(t) cktu(t) _;_tzektu.(t)

7 t"u(t) () ’\“+1 u(t) v Z 5 rx‘(tn _ J)'

8 t™u(t) thu(t) _ (m_:‘;—"jr—l), :'"‘+"+_1g(t)

o ety e et
10 t™eMu(t) ' t"eMu(t) (——n%'%m grintledty(t)

' . m—j At
11’ t"‘ckllu(t) t"c)‘-"u(t)x Z ('(2Jm;():t(:lj_)|;2)”1+¢’+l (t) | .

1 kn| m+k |tn—k Azt o
AL # A +EZ ,(c '(n)_ g o -),\1)'» et ()

cos (0 - ¢)CX¢ * cos (ﬂt + = ¢) (t)

¢ = tan[-B/(a + )]

ttu(t) 4 eX2ty(

13 e Mtu(t) e2ty(—t) ) Redz > Reky
. Az — A1 ¢
CAI‘ A
14 el1tu(~t) ety(—t) LT (-t

Y




No. Al " falK) filkl s fak) = falk)+ falK]
) 1) Ik~ 3l-
. - 1 4%
, T ue {52
3wl ul¥] (k + Dulk]
- F k41 _ k417
TR Huli 17:2’,2—] WH n#n
5 tuld A0 STl 2Rt G 4D el
6 . knulk] vrulk] (_1771—1_)’- [’75‘ -+ 7‘—;—73167{‘] k]« m#Em
T kulk) kol %k(k — 1)k + 1)ufH)
8 v*u[k) 7 ulk] (k+1)75ulk]
' 27 = 1) + k1~ )
0 uld bl [ =2 e
10 |l cos(Bk + 0)ulk] 2 [l coslB(k 4+ 1) 40 — 4] — 3+ os(0 — 9)] ul¥ 72 veal

"
oo
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. Convolution Sums

Yiulk]

: o S
R=[Phl? +13 — 2z cos f] "/

o2 [__(mlsing)
¢ =tan [(mleosgs—vn)]
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Z- Transform Operations

Operation sk] Flz]
Addition f;{ [k] + f2 [k] 'Fl [Z] + F> [Z]
Scalar multiplication  af[k] aFz]
Right-shift Ik —m]ulk — m] -“:—}“—F[z]
O I A Y =
k=1
() fe-Uull] IR+ -1
fE-2uld]l SFR A1 S
L T I Py R = =
. m—1 .
Left-shift FlE + m]ulk] #Fle] -2 Y flE
k=0
fE+1ufl)  2F[) - 2f0)
fE+2ull]  2FE - 2500~ 2111
STk + 3Julk] £ F[z] - 2°f[0] - 22 [1]) - 2£[2)
Multiplication by v* 7 f[kJulk] F [5]
’i ) : d
: Multiplication by k kfikjulk] . . —z-i;F[z]
Time Convolution  f1[k] » fa[&] Rl Fals]
Frequency Convolution h [k} f2[] -2%’- § Fi[uF; [-";] v dy
Initial vaJ\;e f10] lim, o Ffz]
Final value lim; ,3(z — 1)F[z]  poles of -

(z — 1)F[z] inside the unit circle.
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" (Unilateral) z-Transform Pairs

!

10

1la

116

12a

12b

12c

7*tulk 1]

(e —1)(k—2)---(k—m 1) 4

i cos g ulk |

i sm ﬂk;z[k]_

el cos (8 + 0)ulk)
rivlk cos (Bk + 6)ulk].

rh|F cos (B + 8)ulk]

reJE i1 57 —2AaB
P —a?

(z-1)?

cz{z+1)

(z—-1p°

z(z2 44z +1)
(= -1

R L
(z—7)? o
7z(z +17)
(=— 7)3
(z — ,1')m+1
z(z —lylcos B) .
2% — (27| cos B)z + 11l

z|y|sin B
22 — (2ly| cos B)z + W?

rz[zcos 6 — |y| cos (B — 0)]

2% — (2l cos B)z + il

(0.5re’%)z + (0.5re7%)z
z— z—7*
z(Az + B)

22 +2az + h|?

.,
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. The Laplace Transform Properties

Operation (@) F(s)
Addition f1 (t) + fz(t) Fl(s) + Fz(s)
Scalar multiplication  kf(t) kF(s)
Time differentiation %ft- sF(s)—f (0‘)
g2 .
oL 2F() — (07— £(07)
dal 3 2 - Sra—\ - £ 0
ey 3F(s) — s2f(07) — s£(0 )= f(07)
t . -1 )
Time integration f(r)dr ;F (s)
o-
¢ 1 1 v
/ f(r)dr “F@)+ - f fe)at
T1me shift f- to)u(t ~tg) F(s)c;"“" t0>0 |
F_)'équency shift f(t)e*ot F(s— s.o)
Frequency ~£0) e
differentiation -
Frequency integration !%) ' /w F(z)dz
. . ; . 1 s
'- Scaling f(at), a >0 -;F (;-)
Time convolution H) * £2(t) Fy(s)Fa(s)
I'Yeduéncy convolution  f1(t)f2(t) ' %Fl(s) * Fa(s) )
Initial value () CEmeF() (> m)
' Final value " f(00) lim sF(s) (poles of sF(s) in LHP)
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B.7 Miscellaneous

B.7-1 L'Hépital’s Rule

If lim f(z)/g(z) results in the indeterministic form 0/0 or oo/co, then
1) _ i 1@

o(z) g(z)

B.7-2 The Taylor and Maclaurin Series

f) = 1@ + £

lim

o)+ Eok )f(a)+

@) =10)+ 1,f(0)+ Z RO+

B.7-3 Power Series

2 3 Posid
e” =1+:E+2 +-§'+ +;!-+"'
. _ 2 & 2z
SlnI—I—‘é!--*-’s—!—-ﬂ‘-i‘
1 22 gzt 2 2B
cosz=l-grg-wE
2 225 1727
t = = < x%/4
anxr =2+ +15 315 z? < x%/
3 7
x 225 17z
tanh = —_ P 2< 24
A A S THE 3T zt<x’/

n(n—1) 224 n(n—1)(n—2) 234 +(k) e

n_
(I+=z)"=1+nz+—— 3l

~1+nz Izl <1

1
=14z+422+23+---  |z|<1
l1-=z
B.7-4 Sums'
k
-1
mo__
Zr = r—l r¥#1
N N+1__,.M
Zr’“= r#1
m=M
i(ﬁ)m it M
T
2:\3) T Tba-b)



" Lampiran [EEE 228]
Appendix

B.7-5 Complex Numbers

T/ = 4

45 1 n even
(A nE —
-1 nodd

et?® = cos 6+ jsin @
a+jb=re’ r=Va?+ b2, ¢ =tan™! (%)
(re®)* = K oike

(r1e7)(r2¢7) = rirped (1490
B.7-6 Trigonometric Identities

eti* =coszx :jsin =z
cos z = [ + 7]
sinz = %[c"'z — 777
cos(zx 5)=Fsinz
sin(zx £ §)=%cosz
2sin zcosx:éin 2z
sin’z 4 cos?z = 1
cos?z — sin’z = cos 2z

cos’z = 3(1 + cos 2z)

in’z = 1(1 - cos 2z)
.cossz= %(3COS$+0053I)

sin’z = 1(3sin z — sin 3z)

sin{(z+y)=sinzcosytcoszsiny
cos(z ty) = cos zcos y Fsin zsiny
';___'.tan(z:ty)= tanz t+tany -
¢ l1¥tanztany
| $ih z sin y = [cos (z — y) — cos (z + y))
§Osxcosy=%[cos(z—y)+008($+y)]
- Binzcos y = Lfsin (z — y) + sin (z + y)]
¥0s z + bsin z = C cos (z + 6)

fwhich € = VaZ 457 and 6= tan™’ (:—b)
. ’ ’

-
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Indefinite Integrals

/udv:uv—/vdu
/ £()i(z) dz = £(2)g(z) - / f(2)e(z) dz

1 .
/cos ardr = —sin ax
a

z  sin 2az
coslardz = + ia

a

. z sin 2az
/smzazdz = —2- -

. 1
/sm ardr = ——COS azx

4a

. 1 .
/zsm az dz = —(sin az — arcos az)
a
1 .
z cos ax dz = —5(cos az + az sin az)
a

. 1 .
/z2 sin az dz = —(2az sin az + 2c0s ez —~ a?2? cos az)
a

1
/xzcos azdz = —(2azcos az — 2sin az +a 222 sin ax)
a
. ) sin(a —b)z sin(a+b)z 2 2 :
dx = -
/smazsmbx T a—b) 2a+0) a”#b
. COos (a - b)z Ccos (a + b)I 2 2
dz = ~ b
/smaxcosb:: z [ 2(a =) + (e +0) a’ #
/ oz cos bz dz = sin(a —b)z  sin(a+b)z o? £ b2
‘ 2(a +b)

2(a - b)

/xze“ dz = Ea—a—z-(a’l:v:2 — 2az +2)
a3

/ T sin brdr =

-—+——2-(a sin bz — bcos bz)

ax

axr

e** cos bz dzx = ;—:_*_—bi(aoos bz + bsin bx)

/ 3 da:=—l-tan_1i
z2 +a? a a
1 2
2+a2dz——1n(:c +a*)

10
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O

B.7-8 Differentiation Table

d d du
Ef(u) = Hf(u)E

ia"’ = b(Ina)a®*

dr
d ( ) dv + du . s
—(uv) = yu— - _ = acos ax
dr * dr vdx dx s ez
d fu v~y
_(__) =d’-“24{ — COS ax = —asin az
dz \v v dz -
d n
bk nz™1 —tan ax = ‘;
dz dzx cos“ar
d 1 d e
21 == —(sin™! =
2z nles) = a0 =
d loge d —a
_l axr) = _— Cos—l =
dzx og(az) z d:r( az) 1 - a2z2
d bz _ g bz 1 e
e = be &—-(tan az) = 1+ a2z2

B.7-9 Some Useful Constants
x =~ 3.1415926535
e = 2.7182818284
1 % 0.3678794411

. loglo 2= 0.30103
logo 3 = 0.47712

" Solution of Quadratic and Cubic Equations

,;lﬂny-‘iquadratic equation can be reduced to the form

az? 4 bz +c=0

~

@@!ﬁiﬁon of this equation is provided by

_ —bEvb? - 4ac
. 2a

11
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A general cubic equation
¥ +pyitgy+r=0
may be reduced to the depressed cubic form

2 taz+b=0
by substituting )
y=z-%

This yields
e=1Bg-p?) b= L(2p° - 9pq+2Tr)

3 b b2 a® 3 b bt )
A=\—3+yT+%m, B=\-3-VI+5&

The solution of the depressed cubic is

r=A+B, z=_4§£+4;_8,/‘_'3‘, xz_AiB_A;Bm

Now let

and
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