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

h[n] = ( ~~) n u[n] 

and input 

Use the discrete-time Fourier transform (DTFT) to find the output signal y[n]. 

I 

Ta.ble.~ 
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2. 25 pts. A discrete-time LTI system His formed by connecting three discrete-time LTI systems 
H1, H2, and Ha as shown in the figure below: 

H 

x[n] r----~ y[n] 

' ' ' ' ' ~------------------------------------------------------

The impulse responses of the individual systems H1 , H2 , and Ha are given by 

h1[n] = 3 (-~) n u[n], (
l)n-1 

h2[n] = 4 3 u[n - 11, 1 (l)n ha[n] = 3 2 u[n]. 



Problem 2, cont . . . 

(b) 13 pts. Find the overall system impulse response h[n]. 

A= \1-9 -t ~ 0 ~ 8 -.3 --t ca \-2-+3 
~,3 

( \-iL9Jt \-!~) \ -= 
3 l - -(t+\)(\+j) - - 2 2\ ~~) - 2(1~) g:: -2. 

B-== \-+ e-t ½ f1'1.. \ - \+2+ ~»/3 CJ -t- Qi 
\1 - 3 3 17 - -( \+te ')l\--¾e') - ( \-+ \){\-~) - - ---z<... \/3) -

Z/3 2 e-=. 2 

C- l;-e-t-~&' _. \-t-34-~ lo 10 -40 - -- - ---.-,, - - - 5" - (H-~0)(.1-~e) I - - li)l-1) _s 
(\+\XJ-\) 1+ 

- Od e:: 3 - -
8 
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3. 25 pts. Consider the discrete-time LT! system H shown below. 

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

G 

F and Gare both discrete-time LTI systems. \ 
The impulse response of Fis given by f[n] = (n + 1) (½) n u[n]. F(_ei""J ::::-

The impulse response of G is given by g[n] = (¼) • u[n]. (:i(_ei"") ,: 

(a) 11 pts. Find the overall system frequency response H(e1w). 

f"le~'-1) ' . '2. 

Hte~"") = H· f(.ei"")G(e.i"') = lHt"') \ 

\ -- -~ , ~ -... \ ~ Q.:-1. e-;i~) ~ \ -l_ e; !w - - ~ 
l I- ~ e_,~j...,) "2- & , --(. j:~:Jwy-i: (_(_ :~ ;_, J -

\ ~ (\-1 e.-iw)-Z..l\-~ e-:i~) (l-±V'u )'2.( t-te_-;~ 

-
--C l-iej~)?-(r-te.-Jw) -t- ' 

1- ?te-3r.J 

\'--____ _, _____ / 



Problem 3, cont . .. 
(b) 11 pts. Find the difference equation (I/O equation) that relates the input x[n] and 

output y[n] of the overall system H. 

\-\l~J"') = '<Le.5,..,) _ _ \-Jre.--l...J 
Xte:}"-) - '2.. - ~e-1~ ~ ~ e-j2 w -1! e-.l'3t-J 

'-( l ~l'-'J ~ 2 - ~ e-j'-4 ~ ½ e -i'l.o - 'Tb e.-..1'3 'IJ 1 ::- y,_ Ce:i...,) ( \- ¾,e J1..1J 

2'<(e.iw)- \ei~ YLeJ~J -r ! e.-il'-'.l '<leS~) - ~ e;-S'3w iLeiw) 

= ~ Ce1~) - ~e.-~~ X <eJ~) 

t.DTFT~ 

2 V Cai\j - s:_ \JC '\ ..l -- t , ~, "'-'.-> + 2. ytl>\-,1 -~ y r~ ... 3J =-- ){C""fl) - ~ -x r ~-\J 

(c) 3 pts. Is H an FIR digital :filter or an IIR digital filter? Briefly justify your answer. 

-=i' 'J'J.~ bec ... u I e_ fi'l e.- :!-( O ei l;l,t H""" ~Gt~ ,s-1,.; HJ c,t" ycvi i, 

~ :r:-:c-~ ~ c tl.-\ll .e. \.lee~..., { "'~ s '1 U\rJ/\ h·l 11 '" I el.eviWA 111Jer

C e.·,-r"ef" 1t>'\$WC:Y- fs -BAIi cr-eJt-\" J 



4. 25 pts. Consider a digital filter H with difference equation (I/O equation) given by 

1 1 1 1 
y[n] = -

4
x[n] + 

2
x[n - 1) - x[n - 2) + 4x[n - 3) - x[n - 4] + 2x[n - 5] - 4x[n - 6]. 

(a) 3 pts. Is H an FIR digital filter or an IIR digital filter? Briefly justify your answer. 

fif., beet1tuJe f~e c/,•+.f erev-,te ef""""'H""' 
~ ~t ++5 e)k- y C"' J ,. 

(b) 6 pts. Find the system impulse response h[n]. 

~ rtl\J::: - ¾rrVl) -t iorV\-,) -crtA -2-J -£' +or i,i-"3 J 
-- d'fvi-4J -rrJ(;z-sJ- ~tr~~J 

(c) 6 pts. Use the DTFT to find the filter frequency response H(eiw). 

It( es v) ::: -* -t 1 e_-j-.J -e: i~ ~ + 4e i '3"-l 

e.,-...i 40 ,- ½ e_-js-~ _ t e" J (.w 
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Problem 4, cont . .. 

(d) 10 pts. Find the filter magnitude response IH(e3w)I and phase response a:rgH(e3w). 

Hint: use the "linea:r phase trick" to write H(eiw) in pola:r form and then simply read 
off the magnitude response and phase response. 

!..{ i1"-es+ f owe.r ,::: e-J b"' , l ~«lt -t-1,,e_ Li:J le'rl" ~ ::::: e) :s...J 

- '> t?Ec--tzr oiJ- kt4 -i--1.e. l,i~t.es+ ,:cwev 

l-lte~""J,:. r- ~ei'st,,1 + ½eJ2~_ e.J"->-+ 4 

- e-J,.,_,, + f e -J2-t,,,J - -¾,e -J 3..., ] e -j 3 ,_, 

...-

= L- t c ep...i +e-j1--0 -t- 1 ceJU..0-r e:J2j - (e,Jw + e-,J·~) 

-+ 4-J e_:-33w 

::: [- ¼: • 2eos (3w) ~ ½. • 2-Q;S ( 2...i) - '2.~ w + 4 l e-.)3<-J 

l l+LG?l...,) [ :: 4- 2i::os~ +ecs(2e0\ - ~ %('3e.:.) 

~~ ~[e,Svv) ::: - 3w 
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