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Midterm 2 (Spring 2007) of EE422G:
This midterm consists of six single-sided pages. Tise piage has the Z-

1.

2.
3

transform tables and the last is an extra workshemi.Céan tear out any page but

make sure all the pages you turn in have your name and stDden them.
There are four problems in this exam. You have 1.25 hodirsgb this exam.
. You are allowed to use one double-sided page of cheat sheet.
Good luck!

Properties of Z-transform

1| Linearity a,X,(NT) +a,%,(nT) a,X,(2) +a,X,(2)
. VA
2 | Multiply by a" a"x(nT) x(gj
3| Time Delay x(nT =mT)u(nT —mT),m>0 Z"X(2)
. d
4 | Multiply by n nx(nT) K X(2)
5| Initial Value Theoren x(0) =lim,__, X(2)
6 | Final Value Theorem X(0) =lim, ,(1-z")X(2)
7 | Time Convolution > X(mT)y(nT —mT) X(2)Y(2)
TABLE 8-1
Short Table of z-Transforms
Transform Continuous-time ‘
Pair Function Sample Values z-Transform
Number Sy fort>0 SfinD fornz0 of finT)
‘ 1, =0
L — FnT) = {01 - 0} 26n) 1
2. 1 {unit step) | ’ T _12_,
—az —anT _ co—alydt — grn 1 = 1
3, ¢ [ - (e ) =X 1 — eauT -1 i — Kz—l
Tz!
4, t nT m
. T wal =1
5 fe—ar nilg=inT .(..i..:f.eTTE._l_)z.
. . . (sin bz ™!
é. sin bt sin bnT 1= 2(cos bzl + 32
s 1 — (cos BTz
7. cos be cos bnT 1= 2(e0s bz + !
) . —alya: b -1
8,+ 279 3in bf e—ﬂn'f sinbnl 1— 23-(:-(:05:3;%3?5_!_ B_.""T:_:
a.F e~ cos bt e=eT cos hnT i e"’r(cos bT)Z_l

1 =2 (cos bz ™" + e~ ™22

VIR transforms 5 theough 9, ¢~¢7 and BT can be replaced by constants, K| and K, respectively, a3 was done in transform 3, Con-
vergence of the z-transform requires |K| < 1.
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1. (25 points) Feedback System & Routh Array
a) (7 points) Compute the approprigtso that the following robust amplifier will
give a gain of 10.

Input —>Q§>+\—> 10 10 » Output
p

100
1-10083

\4

. To set H(s)=10, we must hafe-0.09.

The transfer function id (s) =

Suggest a simple

b) (7 points) You are given an unstable syskefs) = Ql_ol.

H,(s)to be used as a negative feedback so that thellosgsgemH (s) is
i) BIBO stable and ii) the magnitudes at DC areshme, i.¢H (0) =|H, (0)

y

H.(s) >

-
'Y

-

H,(s)

A particularly simple one is to use a simple gainH.(s)=3. The transfer
function of the feedback system is

H(s) = H,(s) __ 10
1+H,(s)H,(s) s-1+108
Any >0.1 can do the job. Usirfy= 0.2 will provide the desired DC gain.

c) (4 points) Answer the following two questions abpatt a) and part b).
0] How to further extend the useful lifespan of thepéfier in part b)
(i) Name another application of a NEGATIVE FEEDBACK teys.
i) Increase the number of amplifier with gain i Approximate inverse system.

d) (7 points) Fill in the missing TWO rows of the Rbwrray that corresponds to
the following transfer function

1
H(s) = s’ +3s° +3°+s* + 8 +3s? +3s+1
s 1 3 1 3
| 3 1 3 1
| 83 0 8/3
sl 1 0 1
S| 4 0
& € 1
s | -4k O
L1
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2. (25 points) Sampling and Interpolation
a. (4 points) State the Nyquist Theorem

Nyquist Theorem states that a continuous-time bandelthstgnal can be perfectly
reconstructed from its discrete samples if the sailgdtequency is twice the
bandwidth.

b. (7 points) Explain why linear interpolation is a bef@#A technique than sample-
and-hold.

Linear interpolation is better than sample-and-holthadrequency response of
linear interpolation decays faster than sample-and-dnaddthus better suppress the
high frequency components introduced by sampling.

c. (7 points) A continuous-time signa(®=cos(400@t) is sampled with sampling
period T to obtain the discrete-time signghX) = x(n) = cos{m/3). Determine
a choice of T that is consistent with this informatio

1

Since x(n) = x(nT), we havedO0ONT =M /3T =——
%(n) = x%(nT) 12000

d. (7 points) Continued from part c., is your choice farriique? If so, explain why.
If not, specify another choice of T.

T is not unique becausEs@000NT) = cos@ +2mm) for any integer m. In

particular we can choose m = n, and h4000mT =/m/3+2n7T=T :—1220(
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3. (25 points) Z-transform and Discrete-Time Linear Syste
n-1
a. (5 points) Find the Z-transform ok(nT) = (%j u(nT —T) and specify its
region of convergence.

-1
since z|(3)'u(n)] :Tisz‘l’ then X (2) :ﬁ. Its ROC is {z:|z|>0.5}.
1
1-1,772
1 1 __A . B
1-4z7% (A-%zZHA+%zY 1-yz* 1+yz*°

b. (5 points) Find the inverse Z-transform ¥{z) =

X(2) =

Solving the partial fraction, we got A=0.5, B=0rdehence
X(nT) = ()™ - (3)™ u(nT)

c. (10 points) Find the discrete-time system H(z) lengented based on the
following block diagram

L —
L J

This is clearly a direct form | implementation. Bhilne left part describes the
feed-forward portion (numerator) and the right mees$cribes the feedback protion
(denominator). Thus,

1-05z7"

H(z) =
@ 1+0.2z™" -0.1527°

d. (5 points) Can you draw an alternative design (blbiegram) that uses fewer
than three delay registers?

By changing it to a direct form Il implementatiome can save one register.

/h{<
ry
N
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4. (25 points) Discrete-Time Fourier Transform
a) (5 points) Given the DTFT of a LTI systemHge’) =)~ h(nT)e™'“™, show
that if the impulse response h(nT) is real, we heie '“") = H(e!“"), i.e. the

negative frequency content can be deduced by tdkengonjugate of the positive
frequency content.

We can go straight from the definition:
H(e') =" h(nT)e"

=>" h(nT)e™ =H (")

b) (5 points) If the input taH (e s x(nT) = cosEnT) =1(e'“" +e714"), use
part a) to show that the output is given by
y(nT) =|H (e'“") |cos(a)0nT +0OH (e/@’ ))

As x(nT) =cosnT) =1 (e’ +e7°"™) and we know that the complex
exponential is the “eigen-signal” of any LTI systebhus, the output
y(nT) 1{H(e'“T)e! ™" + H (e'“")e @
[H (") [f}(exp(j wynT +0OH (e’ )))+ exp(j (— wnT —OH (e ))))
= |H(e'")|cosynT +OH (e'“"))

c) (7 points) A digital system is defined by the ditfnce equation
y(nT) = % y(nT =T) +3x(nT)
Find H(&T).

H@) = = HET)=— >
1-%z 1- ye

d) (8 points) If the input to the system in c)XénT) = cosgn) , use part b) to find
the output y(nT).
3 3

First we havew.T =77, thusH (e/%") = = =2
& ( ) 1-ve'" 1+

Thus y(nT) = 2cosfn)
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EXTRA WORKSHEET




