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Attempt all questions. Assume any missed data. Full Mark is 50

Q.1.a) Determine whether or not each of the following signals is periodic. If a signal is
periodic, determine its fundamental period.

i. x(n)=cos(x/3)n+sin(x/4)n
ii.  x(t)=cos(t)+ sin(\/ir) [5 Marks]

Q.1.b) Determine whether the following signals are energy signals, power signals, or neither.

i x(t)=nmu(t)
ii. x(n)=2e"" [5 Marks]

Q.1.c) a system given by y(t) = J‘_f”e""”x(r)dr

i. Find the impulse response of the system.

ii. Show that the function e is an eigen-function of the system. [5 Ma{ks]
_ : R
Q.2.a) Derive an expression for the frequency O—AM 0
response of the shown circuit. Sketch the magnitude T* *T
the frequency response. Indicate the cut-off frequency k) W) e
on your sketch. Choose suitable values for R and C to T ’
realize a cut-off frequency of 1KHz. [5 Marks] l_ _,l
o ¢

Q.2.b) Consider an LTI system described by the differential equation
Y'(0)+2y(t) = x(2)
Find the frequency response, hence find the output of the system if x(z) =e 'u(sr) [5 Marks]

Q.2.c) Cousider an ideal low-pass filter given by:

l ®<w,
H(w) =

0 W > o,
The input to this filter is x(z) = e “u(t). Find the value of @, such that this filter passes
exactly one-half of the normalized energy of the input signal x(t). [5 Marks]
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Q.3.a) Consider an LTI system described by the differential equation
y'(t)+ y'(1) = 2y(t) = x(¢)

i. Find the system function H(s).
ii. Find the impulse response if the system is causal — stable [5 Marks]

Q.3.b) Find the inverse Z-transform the following function using partial fraction method.
Verify your result using power series expansion. [5 Marks]

Yye————— 1zl <1/2
(2) 2z —3z+41 '|

Q.3.c) Consider a system described by
y(n)=3y(n-1)=x(n), y1)=2, , x(n)=(2)"u(n)

i. Determine the output of the system.

ii. Express the output y(n) as a sum of two components; the zero-state response and
the zero-input response. 15 Marks]

Q.4.a) Design a digital low-pass filter to be used in A/H(z)-D/A structure with -3 dB cut-off
frequency of 0.57 rad and at least -15 dB for frequencies greater than 0.757rad. [5 Marks]

Q.4.b) Design a linear-phase LPF to be used Window Transition Minimum
in A/D-H(z)-D/A structure that satisfies the Type Width Stop-band
following specifications: attenuation
(1) minimum stop—band attenuation of 40 | Rectangular 4n/N -21 dB
dB for frequencies greater than 15 KHz. HBartIgt g“js "21‘51 gg
s anning n &
(2) Transition hand of 5KHz Hamming 8N | 53 dB
(3) Sampling frequency of 50 KHz Blackman 120N | -74 dB
. 0.50-0.50cos % 0<n<N-I
Hint: W,  (n)= [5 Marks]
elsewhere

Q.4.c) A system is represented by its transfer function H(z) given by:

z* +2)(z* =324 2)
(22 —z+1/2)(z* +1/16)

i. Implement the system using cascade realization.
ii. Implementthe system using direct form I. [5 Marks]

My best wishes to all of you!

Assoc. Prof. Hossam E[Din Moustafa
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TABLE 3.2 ANALOG-TO-ANALOG TRANSFORMATION

Frolotype response Transformed filler response Design equalions

20 log |G ()] 20 log L1 () Forward: (}; = (1,01,
Backward: {1, = 0./0,

1q, a,n
Low-pass G(5) 5‘-*.5'{5], Low-pass /{(5)

020 log 1G (! 01,20 log L1(i)! Forward: N, = Q,/0,
s S K- Backward: 1, = £1,/0)
1
x,[--{ i
n 7 o

I Q, a, a2,
Low-pass G(5) §-+0,/5 High-pass }{(S5)

o1 2008 IH( ) Forward: 1,, = (11, — 0,)/2
KiF-- ; o= (0, + 20)7-0,0,
‘& PI = (n}niv + nlni]‘” + nl\rnr
a *a a

) ’ o, 0, A0, Jackward: £1, = min{jAl, |8}
Low-pass G(5) 5., sT+nn, Bandpass H(S5) = (- ﬂ"; + 0,0)/19,0, -0
S, - i - (+ ni - nfn-)f[n'l[nn = nl)}

2040g G0

—

20 log IG (1 20 16 |H (! Forward: 01, = (1, - Q1))/2

4 5 “f, <@,/ + 0004 - 0,/9,
K 0; = (/9 + 00,07 + 0,/0,
: 3 q = g
I R, a0, 0,0, g Backward: 0, = min{}Al, |BJ}.. -
Low-pass G(5) 5(0,-y) Bandstop H(S) A= 0,9, - n!#‘-;‘:‘";_n},fl' 2,0,
St Sivma, B = 00, - M)/[-03 + 0,0,)

TABLE 3.1b  BUTTERWORTH POLYNOMIALS IN STANDARD AND :

FACTORED FORMS %
Standard
Bifs) = a,8" + 8,_,s" B -+ +:as + 8,

_ 8y a; : P g a, dy . ay ay 8y n
1 1 1
. V2 Iy 12
1 o2 2 1 3
I 2613 73414 2613 1 4
I 3.236 5236 5.236 1236 i 5
1 3.864 7.464 9,14 7.464  1.864 1 6
1 4494  10.103  14.606 14606 10,103  4.494 !’ 7
1 g

1 5.126 13.138 21.848 25,691 13.138 . 115.126
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