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1. 25 pts. A discrete-time LTI system H has impulse response 

( 
l) n T'(,b\-e . 

h[n] = - 4 u[n] <E ) H(eJ"'°'):: I+ te-;w 
and input 

( 1) n-1 

x[n] = 2 u[n - l ]. X [e)w.) = 
1 '\.ble + Ti'Me Sk;+t ~ 

-J'--l e 

Use the discrete-time Fourier transform (DTFT) to find the output signal y[n]. 
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2. 25 pts. Consider the discrete-time LTI system H shown below. 

H 
x[n] F 1-----r-+_,.. y [ n] 

G 

F and G are both discrete-time LTI systems. 

The impulse response of Fis given by J[n] = ( }) n u[n] . 

( 1) n - l 
The impulse response of G is given by g[n] = 

3 
u[n - 1]. 

t _2"tAl:Jk, -r~~~f 1" ➔ G ( eiw) = 
(a) 11 pts. Find the overall system frequency response H (e1w). 
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Problem 2, cont ... 

(b) 11 pts. Find the difference equation (I/ O equation) that relates the input signal x[n] 
and output signal y[n] of the overall system H. , 

l-1 ( ejw J =- y l.ejw) \ - \1?. e. -.} ~ 
X(ej~) i + ~ e-jw ~ tie ·-j 2.'""' 

'( t e. '" J l \-,- ~'2 e-J'-' -,- \2. e,-.i2 ... l = X C_ei"' J l I-½ e,-.i·.., l 
'(le)~) ~ tie:)w '(le)\..)) +- ~ej~~'( le)~) ::. X(e)v-J) - te'j'-'l X(ej~) 

D1FT-I; ---------------------,., 

(c) 3 pts. Is H an FIR digital filter or an IIR digital filter? Briefly justify your answer. 
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3. 25 pts. The discrete-time LTI system His formed by a series connection of two discrete-time 
LTI systems H 1 and H 2 as shown in the figure below: 

I 

x[n] i -- 1 H1 1---- ., 1 H2 -I ___ ., y [ n] 
I 

L----- - - - -- - -- --- --- - --------- 1 

The impulse response of LTI system H 1 is given by l ~~le.. 2 
h1[n] = 2 (1) n u[n] . H H, (ei~) ::. 

The difference equation (I/ O equation) that relates input signal x [n] and output signal y[n] 
of the overall system H is given by 

7 1 
y[n] -

10
y[n - 1] + 

10
y[n - 2] = x[n]. 

(a) 8 pts. Find the system frequency response H (eJw) . 
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Problem 3 , cont . .. 

(b) 10 pts. Find the impulse response h2[n] of LTI system H2. 
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Problem 3, cont . . . 

(c) 7 pts. I H 2 a stable discrete-time LTI system? Justify your answer. 
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4. 25 pts. Consider a digital filter H with difference equation (I/ O equation) given by 

y[n] = x[n] - 2x[n - 1] + 2x[n - 3] - x[n - 4]. 

(a) 3 pts. Is H an FIR digital filter or an IIR digital filter? Briefly justify your answer. 
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(b) 6 pts. Find the system impulse response h[n] . 
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(c) 6 pts. Find the filter frequency response H (eJw) . 
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Problem 4, cont . . . 

(d) 10 pts. Find the filter magnitude response JH(eiw) I and phase response arg H (eiw) . 

Hint 1: use the "linear phase trick" to write H (e1w) in polar form and then simply read 
off the magnitude response and phase response functions. 

Hint 2: remember to use Euler 's formula for sine if the symmetry is odd. 
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