
Fall 2023 

Dr. Havlicek 

ECE 4213/5213 
Test 1 

Monday, November 6, 2023 
4:30 PM - 5:45 PM 

Name·------=S:.-O-=--=L~U'-1 ______ \ 0_~--------
Student Num· _________ _ 

Directions: This test is open book and open notes. You may also use your calculator and 

the course formula sheet. Other materials are not allowed. You have 75 minutes to complete 

the test. All work must be your own. 

Students enrolled for undergraduate credit: work any four problems. Each problem 

counts 25 points. Below, circle the numbers of the four problems you wish to have graded. 

Students enrolled for graduate credit: work all five problems. Each problem counts 20 

points. 

SHOW ALL OF YOUR WORK for maximum partial credit! 

GOOD LUCK! 

SCORE: 

1. (25/20) 

2. (25/20) 

3. (25/20) 

4. (25/20) 

5. (25/20) 

TOTAL (100): 

On my honor, I affirm that I have neither given nor received inappropriate aid in the completion of this test. 

Signed: ___________ _ Date: ____________ _ 
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1. 25/20 pts. The input x[n] and output y[n] of a discrete-time system are related by 

y[n] = nx[-n]. 

(a) 8/6 pts. Is the system linear? Justify your answer. 

Le~ "1-r (I\'") 4'~J ~it(l loe.-two '"'FI.A'T S'Jt11t.tls aw;( le.t ~ b 6 ~ 
.be l"OV\S-h:trA+r .. 

The I/\ y ~ -rV\, ~ l---l t -x. ,ti-1:l \ -:: n 1C • c-11\ '1) 

~'2-'C") : \4 \ ?C1,Ct1j] ~ r/\ 'Xat-,(}1 

~""' &l'11tt'1 + ~~,C;t) : t{tl\'X,t-lll1-+ bv-. ~t-rll1, 

L et ?CJ tn 1 = tt "'X i t,i 1 + b -x.i. r ~ J . 

'Thell\ ~ '3 t~1 ~ n -x.3 t, ... ~ J =. n { ~ ~~ t • ~1 .ir ~ 1\1. C-IA 15 
: ~t\7.\t•ll\J + t)'f'\~C'-vi'"). 
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Problem 1, cont ... 

(b) 8/7 pts. Is the system time invariant? Justify your answer. 

T _:Juess C( r'\O \l 
he.cttvS~ o.{:!- t-'~ rf\ ~·Mes -

Le..~ ~I [rf) :: tr I\J , 

T~eV\ 
~\ ("''):: t)"il1C·1AJ - n t r-V\1 - f)J't~1 - -

Now le.+ no= '2, 

-,-he.ui j-iC..)::: n~c-.,) " n cf't-V\-'2.J 

:: _-2. Gt--"'--21 -=-

3 

1C[-V\ l .. 

- 0 V n £2E, -





2. 25/20 pts. The input x[n] and output y(n] of a stable discrete-time LTI system H 

are related by 
3 

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

(a) 3/2 pts. Is the system Han FIR filter or an IIR filter? Justify your answer. 

J:.-\ \t r." @:1 R -t\ \~} - bec~ajtl. -\\-e_ d,~et"e"'ce. 

e~v..A--\-H1A lrias tv,,,\4- r,"iet.\ slA~.f-t~ o+- j cv-t},. 

(b) 6/5 pts. Find the transfer function H(z), specify the ROC, and give a pole-zero 

plot. 

- Yt~> 1.- -i~-, - ~ =-
X.l.2-) i + i "2.-\ - 1-?.. 

"'¾ (~-2.) 
(ei-2 )(l-½_) 

.L 
~.:: -"'2-; "2-

:l =- 0 , "2-

// 5 

.s \l)C~ ~ S'j~~ ,.s 
s ~b \e.) ~e... f{{OC... 

t/'f\ u.~..\- \1/\G \.wk_ --\'lAe_ 
u"'·,-\: c,t""'--\e, 



Problem 2, cont ... 

(c) 6/5 pts. Find the impulse response h[n]. 

l -"2. '!-a 
Hc2.) :: ( 1+21r"')(a-t2:;) = 

\-2 0 ( -.L -
l- 2 6 &=--~ 

I ...,. l 

2-

,-29 I 
\+"2& 9::2. = 

ei1s 

l+21-1 

~ 
\~\ <2. 

\-+¾ 

,-4 
\+t 

3/5 

l - ½ ~-l 
'---.,,.--' 

,~, "> -k 

(d) 4/3 pts. Find the frequency response H(efw). 

1-t (eJ~) ::::. -l-f le) / . 
c= eJt...:> 
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Problem 2, cont ... 

(e) 6/5 pts. Find the system output y[n] when the input is given by 

x[n] = cos (in) . 
_ Hint 1: x[n] is a sum of two eigenfunctions and the difference equation (I/O 

equation) has all real coefficients. 

Hint 2: make sure your calculator is set for radians, not degrees! 

'-'.o-\es f • 3- \ \ft -: ~ (1() =- \ \Jc le..i lt~) \ Cos [ J f'\ -r a 'j \-\ (.e.-PVe,) J 
_ • irte H ( e 3 1t1~) ::.. \ - '2. e J -

lt + 2e-.l 1110)( l - ½_e-j-nte.) 

l \-2eos \) -+ J2 .sw, l ., 

- t_2.14 3 S1 e J C:2"'25$"1 J (o.<,;7 lo 1 eJ O, 3411,1, 7 J 
\ 

IA'1\IL j'2~4£>1'23 ,-:z .. 3ZSl2 
_ • \ "'t"""- , e ::. 0 ., 1B 2 '30 eJ ~ 
- \. flo -a, e, el o • 01, no b ~ 3 -rrta) 

l l4Le.f"''0) l a":1 Hee 

jl:<>"1-=- 0- 618'13f> c.o.s Ci 11 + 2•3 '2-'dl'2-) 
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3. 25/20 pts. The input x[n] and output y[n] of a discrete-time LTI system Hare related 
by 

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

(a) 3/2 pts. Is the system Han FIR filter or an IIR filter? Justify your answer. 

( FI R. \ - k<4v.ie. --\1,,e_ d,; He,"'e,,it.e e i w.c.1-i:'-"\ Lv< s 
1/\~ ~"'if '1'..S Of j (ti\) ,, 

(b) 4/3 pts. Find the impulse response h[n]. 

Fr(.,tw'I fhe... C&i11v~tc.(Jta4 ei"'-t(.+it.U\ ~C1'\-:J = 'XC"'1~ ~t""'J 
I 

or 

t~u\vet\e.~+~ by le..4H~j -XCi\j: d'C"j •· 
, ' 

hct\1 = otn1 + 2trr~-,J - 2 tr"-"l1 - tr "-3J 

(c) 4/3 pts. Find the frequency response H(eiw). 
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Problem 3, cont . .. 

(d) 9/8 pts. Find functions A(w) and 0(w) such that H(&w) = A(w)&O(w) _ 

H15"-e~ 'fOWer' of t\1<1.. c~af"llt-1-.er = e.--ll1o> ! fuctor ou--+ e.--.i {_ <.u 

\-\ (e_y,>) :: Le'.> 3z.,. ... -l-'2 ~ lc..3 - -ze--l ~""' - € 5 31. <.) J e.-.:/~ <.J 

, . (ej3~~ e-J:312..~ ) • ~ ·•~ ~ 
-:: L-i.j :;_J -r2(2J)( e.n ... '¼e.--> a )Je~j~ 

-::. ( 2 j t l f'\ ( i~) "'t' 4-j S \ f\ ( \ W) \ e_ - ,(~~ W .- .. - ., - -- \ 
I j J 4 ,,r~ l 

-= ( 2 s10( ~"") + 1"-s1V\( ½,..)] j e-) 3-i<-u L~-: ~ -": .' 
I \ 1 .. °"1"2- - J 1/'a.c.-.l 

= ['25\fl llw) ~ 4.s,o\.1:WJ j ~ e 
::. [2s11'1 l \"') ;- 4stvi (\,..,)] e. j (. \- \1.,) 

..I l-v----1 
L "v-------- 0l~) 

/\Lw) 

(e) 5/4 pts. Find the system group delay r(w). 

1:Lw),. -1, f1UJ) ., -}"' [ 1 - ½w J :: 

l -Ccw) ~ ½ \ 
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4. 25/20 pts. The input x[n] and output y[n] of a causal discrete-time LTI system H 

are related by 
1 1 

y[n] - 2y[n - 1] = x[n] - 2x[n - 1]. 

The input signal is given by 

x[n] = 3 ( i) n u[n] - 2 ( ½) n u[n] 

and initial conditions are given as y[-1] = 1 and x[-1) = -2. 

Use the unilateral z-transform to find y[n] for n ~ 0. 

2 - - -- 3(.1-12-•) -2(1-lc-1) 

ll-\i-•)(,-1 =-\) 
-::. 3-r\ -2 ~~-i _ \ -

l \-1~-, )t,- tr~ l \- t:a·' )l \- t2."") 
\. \~) - H 2-

1 
~v. Lr') -+jl:·1J 3 : 'X.v.L:i.J - ~ h-1 -x.._ t=t) + ~ r-fJ ~ 

~ ~ 

~ -~ 
~~ l~) - \t-\ V}tt. (~) - \ =. ~v.. (1:) - i e-1 ,:.1-4 ~) ~ 1. 

~u. li) [, - ¾: ~•] - \. .:: ex."' l ~) [ \ - \ i-11 -t- I 

C\}l:&)(,-\"i-,1 -::. Xv.L~) l\-\i-)j + i 
'X_ \ -:,kt 3 "2._ c.u~ l'~) :: 11.. lt) .?f-Ja-r .,.. , \ 

ij /2 \ -"i.e 

CUt.t(e}: ¾v..(e) -,. 3
/2,. 

-4 I -t~-1 

~r~) -: "XLV\J + tt~·' ~ ]b: 3 
"'l \ -~:e·' 

j \ '--l ~ 3 t ½ )" 1.1, "'1 - 2 t-S:J" V.t' "l -t ½_ t l )" IA-C 'I") 
1 
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More Workspace for Problem 4 ... 
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5. 25/20 pts. The continuous-time LTI system Ha(fl.) shown in the figure below is 

implemented using an ideal A/D converter, a discrete-time LTI system Hd(eJw), and 

an ideal D/ A converter. 

r------------------------------1 

I 

- ---- - --------- - - - ---- - ------ I 

As in professional compact disc (CD) audio, the sampling frequency of the A/D and 

D/A converters is Fr= 44.1 kHz. So fl.r = 88,2001r rad/sec. All input signals xa(t) 

are bandlimited to lfl.l < 0,,z,/2 (this simply ensures there will be no aliasing so that 

the overall structure shown in the figure is an LTI system). 

The impulse response of the continuous-time filter Ha is given by 

h ( ) 
_ sin (20, 0001rt) 

at - --'-----'-. 
7ft 

(a) 8/6 pts. Find the continuous-time frequency response Ha(fl.). 

Sin 'Nt l 1.. 
-r~h\e.', l } ~..().. 

\.N = '2.eJ J O<IO 1L 
-re.:~ -w 0 w 

1 

\\(A l.n) = l 1.) \..0. \ ~ ~Q,()Of) lt 

0 .) \..0. \ '> 2~,0/)07(,,, 

\-\"ln) 
' 

\ " .fL , 
-2~~0f,1\ f.) °l°>DOO"i\ 
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Problem 5, cont ... 

(b) 8/7 pts. Find the discrete-time frequency response Hd(&w) . 

T = #,100 sec.. 

.117: 21fF., 

w:.n.T:: 

1 

=- ss,200,r. ~ 
se~ 

.A. 
44aj ,ao 

.. 

(c) 9/7 pts. Find the discrete-time impulse response hd[n]. 

S\n (~"'it r, ) 

7t. \/\ 
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