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

( 1)n h[n] = - 2 u[n] 

and input 

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

Te1:b\e.. (wt~ a=-½) ~ ~ (eJw) = 

'Tcible. ~ X leJ"') = 

1)TFT con11ol1A..-h't>n proper+y ; 

--

A=- ,:i19 le=S 
\ 2 - -- - 7 - - 7/2- -- l-t St-z 

l \ \ 5 - -- - 7 ,~ te I - - 1/5 - l + ~ e =- 2 5 
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2 



2. 25 pts. Consider the discrete-time LTI system H shown in the figure below: 

x[nl---@-- y(n] 

When the input signal x[n] is given by 

the output signal y(n] is observed to be 

y(n] = (n + 1) (!) n u[n]. 

(a) 8 pts. Use the DTFT to find the system frequency response H(&w). 

Hint: X(eiw) and Y(&w) can both be found in your DTFT table. 

\ 
,~~\e, •. X(e~w) = l--ke•JW \(e-iw)::. ·\2.. 

-r (l- ie.-Jw J 

t)Tr'T Co'(\vol1A,:t"\
0

M t>lf'Opirly-: '( (e.J~) =- X(e.J~).\-lleJw) 

[c1-\ie-i'")'"l [1-ie-Jwl --
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Problem 2, cont . .. 

(b) 6 pts. Find the difference equation (I/O equation) for the system H . 

Hint: the difference equation is the equation which says that a linear combination of 
the shifts of y[n) is equal to a linear combination of the shifts of x(n]. 

\ 
\ . w , 

. - 4e-J _ 1 - .Le -Jt...J 
\-\ I ,..~i.._.) - - 4-

U:::. ... ( \ - ~ "-Jw )(_l- ;_ e-j~) 
.- i.... -. l - ~ e-J°"" - i.e.-jw + 1. e-j2.w 

4 + f(:, 

- -- -
C. ,t,~S Mv.. \ ~, ~ l y : 

'( (d'-') l \ - i e-~w t- i e.-J 2w l =- X (.eJ'1<1) [ I - k e.-J'W 1 
'( (e.i"') - \ e.-J... '< le-i""J -i- ft, e-J 2<,) 'fre J'"' J - XleJLO)- *ej\.J xce, 

T. D'T l-:=:.1 : 

\ 
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Problem 2, cont ... 

=-> 

(c) 6 pts. After further investigation, it is discovered that the system H from parts (a) and 
(b) is actually a series connection of two discrete-time LTI system H1 and H2 as shown 
in the figure below: 

I-----------------------------, :H : 
I ~-~ ~--- I 

x[n) \ • I H1 I • I H, I j • y[n] 
I I 

~-------------- ·--------------' 
The impulse response of system H1 is given by 

(3)n 1 (3)n-l h1[n] = 4 u[n1 - 2 4 u[n -1]. 

Use the DTFT to find the frequency response H2 (eiw) of the system H2 • 

Hint: the overall system frequency response H(eJw) is still exactly the same as it was 
in part (a). Use your DTFT table to find the transforms of the two terms in h1[nl (you 
will need to also use the time shift property for the second term) and combine them to 
find H1(eJw) . Then use the series connection formula to combine this with H(eJw) from 
part (a) and solve for H2(e}w). 

f.'3 ~ I\ l>Tf..,- I 

L+J vlCn..1 .:( ~ l- ¼e.--iw 
l (' \t\-\ '9T F'T 
2. \_¼) 1;:(~-(1 /4 ~ a -J'w I - +e. 

I 

½- e.-~ 1.--J 

\-~e-✓·""' 
I - \:_e-J~ 
l- ~e-~~ 

H-C.e~w) :::: W, (e~w) ~ 2 L-e)'-") 
l-\ le\lw) 

l-h LeJw) 
-

X 

l-\ le~~) Y-.. 
\..\. \ l.e J~) 

\- ~e-J1.v 

\ - \ e._-Jl-J 



Problem 2, cont ... 

(d) 5 pts. Find the impulse response h2 [n] of system H2 . 

PF i; ori 4~ Le)-) ~ 

l-t~ --

A= --

+ 
(3 

l - ~ _ 2 /3 _ 
- -- -

\ - ?../3. ~,3 



3. 25 pts. The input x(n] and output y[n] of a discrete-time LTI system H are related by the 
difference equation 

5 1 1 
y[n] - 6y[n - 1] + 6y[n - 2] = x[n] + 2x[n - 1]. 

(a) 10 pts. Use the DTFT to find the system frequency response H(efw). 

DTF1 ~ '-((ej~) - t e--~·~ 'Cc.eiw) -t.- t e.-j~ Yleiw') 

-= X (e~w) -t- "i e,-J~ Xle ~~) 

'{(&,) l i - le~+-\; e.-,.)'Zwj =- X(eJ'w)[ i + \e<iC4J 

_ '( le:i,_,) -
X(_ejvi) 

(b) 5 pts. Is the system H an IIR digital filter or an FIR digital filter? Give a brief 
explanation to justify your answer. 

be.c~u ~ tk& 
~tit-c; ~ h ~ ff., 

~L C .f eu--est\ c e. ~ u.a. +, cW'\ 

of- ~ (V\.-1 , 

oR.:. bec~v se.. Ule~""') h~~ a V\611\+i,r,· vi~\ 
7 de-"'o'"', V\.&t.-t-or fO (1Vtov1t,·~ \ ~ 

oR ~ beet.tv~e.. '"' r~r-t Cc) we see. ~+ h.rl\J t5 ~ 
.t,.; , '-te \e~ &i -t "'-· 



Problem 3, cont ... 

(c) 10 pts. Find the system impulse response h[n]. 

I+ ½.e-jw - l + ie-~w 
H-Cei"' J ::: \ -~ e-J·""' T \ e-,;z..... - ( I - i e-..i'c.-, )( I - ~ e ·J'w) 

A 13 

2. 3,2 :: ~ -- -'/3 -

- r:it,_ 
-5 -- -

- '17.,. 

b 5 
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4. 25 pts. A linear phase FIR digital filter H has impulse response 

h[n] = ¾8[n] - ½8[n -1] + 28[n - 2] - ½8[n - 3] + ¼8[n - 4]. 

(a) 10 pts. Use the DTFT to find the fi.iter frequency response H(Jw). 
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Problem 4, cont ... 

(b) 15 pts. Find the filter magnitude response IH(eiw)I and phase response argH(&w). 

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

HtJkes-t -rowe< o-\: the chav-&tc-\-e'f --~ e.- J 4(Aj 

l-{tA.\f -rtvi. hi5~e.~ ?ower,: e.-J'2..aj ➔ ~c+or ot..d- e-J'2 c-1 

:::- ['2 -·H. e ~w +-e: j....,) T ¾: ( e, ~ u., +- e: ,.) a., y~ e..- _)-Zl-<:I 

-:::. [ 2- c:.osL.> +-. ~Co S' (zc..,) 1 e-J 2~ 
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-
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