
Fall 2019 

Dr. Havlicek 

ECE 4213/5213 
Test 2 

Monday, November 25, 2019 
4:30 PM - 5:45 PM 

Name:_S_O_L_U_T_{_O__;_IV...,,___ __ _ 
Student Num: _________ _ 

Directions: This test is open book. You may also use a calculator, a clean copy of the course 

notes, and a clean copy of the formula sheet from the course web site. 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. 

Name: ____________ _ Date: _____________ _ 
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1. 25/20 pts. The continuous-time LTI system Ha(D,) shown in the figure below is 

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

an ideal D / A converter. 

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

: Ha(Q) 

y/t) 

The sampling frequency of the A/D and D / A converters is FT = 5 kHz, so nT = 
10, 0001r rad/sec. All input signals xa(t) are bandlimited to Jnl < nT/2 (this simply 

ensures that the overall structure shown in the figure will be an LTI system). 

'~~le 'r 
J(t) (-, i . The impulse response of the continuous-time filter Ha is given by 

ha(t) = o(t) _ sin 20001rt. 
1rt s1n;1tt ~ _ [j 1 :-

(a) 8/6 pts. Find the continuous-time frequency response Ha(n). -w o W £L 
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(b) 8/7 pts. Find the discrete-time frequency response Hd(eiw). 
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Problem 1, cont ... 

(c) 9/7 pts. Find the discrete-time impulse response hd[n]. 
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2. 25 /20 pts. Let x[n] and h[n] be finite-length discrete-time signals given by 

x[n] = [8 1 4 7] 

= 8o[n] + o[n - l l + 4o[n - 2] + 7 o[n - 3], 0 :::; n :::; 3, "' I -:::.. 4 
and 

h[n] = [1 - 3 2] 
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More Workspace for Problem 2 ... 

Y 
1- fl~ 
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- ~ ik 3\C. 
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3. 25 /20 pts. The causal IIR digital filter G has transfer function 

(1 - ½z-1
) (1 + ½z-1

) (1 + !z-1
) 3 

G(z) = (1 + ½ei1r/5z-1) (1 + ½e-i1r/5z-1) (1 - !z-1)' lzl > 2· 

Find the transfer function H ( z) for a new digital filter H such that: 

(a) H(z) has the same magnitude response as G(z); i.e., IH(eiw)I = IG(eiw)I V w ER 

(b) H ( z) is causal, stable, and minimum phase. 
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More Workspace for Problem 3 ... 

\-\Li) = ( t-rte j'l\"1\>.-1) l! + le-rrr,, c'J(i-'- ¾) 

c 1-12-, )( 1-d:1:-1
) C~z. )( 1-1- ½ i-1) - _..!:..!-,.-=.;;;~------------

~l~) -::. (l+\e-flf~TI )(1+½e.-1n1r i-0(1-ri-1) 

RDC; lcf >} 
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4. 25/20 pts. H is a causal, stable type I linear phase FIR digital filter with order 

N = 4. The impulse response h[n] is real and h[4] = 4. 
•2,r 

H(z) has a zero at z = 2eJa. 

Find the impulse response h[n]. 
• '21{/3 
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More Workspace for Problem 4 ... 

-,< 
~c111 = l<&T1iJ + \-8[~-o + ¥ tf 11t-2.J 

-+ ~ J'["-s] + Kcn~-4J 
( 
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5. 25 /20 pts. Design an analog Type 1 Chebyshev low pass filter to meet the following 

analog design specification: 

.L.. ~ ~ v'M. ~eir ~ 
A~ 0, D6'5 

z: 

A=- ~ 3 ~ l5,8730 

passband edge freq. Op = l0001r rad/sec 

stopband edge freq. fls = 30001r rad/ sec 

min. stopband attenuation l/A = 0.063 

max. passband attenuation 1;✓1 + c:2 = 0.95 

Give the analog filter transfer function Ha(s). 

Hint: The design formulas for the analog Type 1 Chebyshev filter are given on pages 

A-7 and A-8 of the notes file ECE5213NotesAnalogFil terDesign. pdf and in Appendix 

A.3 of the text on pages 867 and 868. 

Hint: Make sure that your calculator is set for radians~ not degrees! JB[\ 

(/\.11): N::. I cosl,,-l( ✓Az_, 'Id l : rcocsh .. 1 ( 48,t,,1)1 = \4.5'MH37 
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g} 

=' r '2, 5 ~ I G. D 1 =' 3 // . 
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_J)_ 1 -=- JL p { a,s f = toolYlf f a>s1}; = 3 2-4 3, i 3 fill 
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llj -.:.- fl, j cos £f- :::: l tx:nl( t eos ~ - - 3 2 4 3, Z5 3 rfil 
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(A. fB) : 

More Workspace for Problem 5 . . . 
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