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Midterm 3 (Fall 2006) of EE422G:
This midterm consists of eight single-sided pages. Thethiree pages contain
various tables followed by FOUR exam questions and ona axtrksheet. You
can tear out any page but make sure all the pages youtoave your name and

1.

2.

3

student ID on them.

You have one hour to finish this exam.

. You are allowed to use two double-sided page of cheat sheet.
Good luck!

Properties of Z-transform

Initial Value Theoren

X(0) =lm,__ X(2)

Final Value Theorem

x(0) =lim,_,(1-2")X(2)

1| Linearity a,%,(nT) +a,%,(nT) 3, X,(2) +a,X,(2)
2 | Multiply by a" a"x(nT) X(gj

3| Time Delay x(NT =mT)u(nT - mT),m>0 Z"X(2)

4| Muttiply by n (T -2 X(@)

5

6

7

Time Convolution

> X(mT)y(nT —mT)

X(2)Y(2)

TAELE 8-1

Short Table of z-Transforms
Transform Continuous-time '
Pair Function Sample Values z-Transform
Number Joyfore>0 finD) forn 20 of finT)
! {1, n=0],
1 - fen={y "Itlasn
. . 1
2. 1 T St i
(unit step) 1= 0
- - 1 1
ar T — ooy —
3. ¢ eT M = (7Y = K" 1= o = T g
Tz
4, t nT =
(1=
wul =1
5 g~ nTeg=anT -("i"‘i:gz,—_ﬁ'?—l_)i
. . (sin bz 7!
6. sin br sin bnT 8
1 - 2(cos bTHz" + 772
L 1— (cosbz™"
7.7 cos bt cos bnT
1= 2cos bz~ + z7%
) ) e (sin bzt
8 e~ gin pr e~T gin bn T P
1 71 1 - 28-"1—(005 bnzal + e—-..uT;—_
Y ¥ of -1
9 e~ cos bt e=a? cog baT L~ e (cos bT)z

1= 267 (cos bT)z ™" # e =72

"In transforms 5 through 9, ¢~¢7 aad 5T can be replaced by constants, X, and K., respectively, as was done in transiorm 3. Con-
vergence of the 3-trunsform requires || < 1.
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TABLE 2.2 FOURIER TRANSFORM THEOREMS
Sequence Fourier Transform
x[n] X(el)
y[nl Y(e)
1. ax[n] + by[n] a X () + b¥(el®)

PSS B S

. x[n—ng|

; ef""n"x[n]

(nq an integer)

. x[—n]

5. nx[n]

6. x[n] = y[n]

=

x[n]y[n]

Parseval’s theorem:

oo 7
1 )
E 2_ - jey2
8. |x[n]|” = 5 [7 | X (e!?)|“dw

e—jwndX(e;'w)
X (ello-wo))
X(e ')
X*(e/®) if x[n] real.
dX(el™)
dw

J
X(ejm)y(e;’m)

1
2

¥ 4
= / X(eYY(e!“)do

9. Z x[n]y*[n] = % [, X (&Y (/)
TABLE2.3 FOURIER TRANSFORM PAIRS
Sequence Fourier Transform
1. d[n] 1
2. 8[n — no) e~ Jwno
8.1 (=00 < n < 00) Z 2ad(w + 2 k)

. (n+ 1)a"u[n]

. x[n] = {[I}:

_ elwon

cauln]  (la] = 1)

ufn]

(lal < 1)

rsinwpl(n + 1
#u[n] (r] < 1)
sin e,
Sin @
ThH

Osn< M
otherwise

. cosfwon + )

k=—nc
1
1 — ae—i®

= o]
1
T—eia + E wé(w+ 2wk)

k=—0c0

1
(1 — ae~iw)?
1
1 —2rcoswpe /o 4 ple—J2o

oy _ ) L |l < e,
e= {0, w = ol =m

sinfw(M + 1)/2] _joura
sinfw,2)

Z 218w — wo + 27k

o
o0

Z [z eS8 —wo + 27k) + me 8w + wo + 27k)]

k=—oc
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Properties TimeDomain Laplace Transform

111 it ax(t) +aX(t)+ | aX(s)+a,X,(s)+

Inearity L+ax () +a X (s)
2 | Freguency Shifting e " x(t) F(s+a)
3| Time Delay X(t-au(t-a) e "X(s)
4| Time Scaling x(at) EX[EJ

a a
5| Time Differentiation %x(t) sX(s)-x(0)
6 | Time Integration ﬁwx(r)dr X(S) 1]’ x(r)dr
7 | Initial Value Theoren] o X(1) lim ., sX(s)=x(0")
8 | Final Value Theorem  lim _ x(t) lim ¢, SX(S) = x(e0)
9 | Time Convolution X(0) * y(t) X(s)Y(s)
TABLE 5-3

Extended Table of Single- S|ded Laplace Transforms

Signal

1. deife)

2.1 orulty

3

" exp( —ath(t)

1!

4. cos wyf wlf)

3. sin eyl ulr)

6. expl — cet) cos wyl 100

7. expl =) sin wyf it}

Laplace
Transform

Comments on
Derivation

Direct evaluation with aid of { 1-66)

Direct evaluation

Differentiation applied to pair 3
Table 3-1

Example 5-1

Example 3-1

5-shuft and pair 4

5-shift and pair 5
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1. (25 points) Discrete Fourier Transform and Convolution

Let x(n) and y(n) be two three-point sequence:

1 forn=0 -1 forn=0
x(n)=42 forn=1 y(n)=<2 forn=1
1 forn=2 1 forn=2

a. (9 points) Compute the 3-poiatrcular convolution z(n) between x(n) and y(n).

z(0) =1[(-D) +2[1+1[2=3
zQ)=12+2[(-H+11=1
z(2) =11+22+1(-1) =4

b. (10 points) Compute thiepoint DFT X(k) for x(n). You do not need to simplify
your answers.

X(0)=1+2+1=4

X@® :1+2&x;{— jz?ﬂj+ex;{— 14?”)

X (2) = 1+2E@x;{—14—” +ex;{—18—nj
5 5
X@ = 1+2@x;{—j6?ﬂ +ex;{—jgj

X@4) = 1+2@x;{—18?ﬂ +ex;{—j@j

c. (6 points) In addition to X(k), suppose you hav@atomputed the 5-point DFT
Y (k) for y(n). Without carrying out any computat&rcomment on whether
applying a 5-point DFT on z(n) (part a) will resintthe product of X(k) and
Y (k). Explain your answer.

No. When multiplying X(k) with Y(k), one obtainselb-point DFT of the linear
convolution between x(n) and y(n), not the 3-paintular convolution z(n).
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2. (25 points) Fast Fourier Transform

a. (5 points) Name one reason why FFT is very commorey urs signal processing
applications.

FFT can be executed very efficiently.
b. (5 points) We discuss two different FFT implementationecture and in
homework. Name these two implementations.
Decimation-in-time and Decimation-in-frequency.
c. (5 points) What is the relationship between DFT and DXFT
DFT (Discrete Fourier Transform) are frequency sampld3TFT (Discrete-time

Fourier Transform)

d. (5 points) Complete the missing entries in the foilgtable.

Signals Fourier Transform Characteristics
Continuous int & | Fourier Series Discrete inw
Periodic
Continuous in t Continuous-time Continuous irw
Fourier Transform
Discrete in t Discrete-time Continuous inw & Periodic
Fourier Transform
Discrete int & Discrete Fourier Discrete inw & Periodic
Periodic Transform

e. (5 points) Show the internal structure of a 4-point HA&ke sure you label the
input, output and multiplication factors clearly.

Two - point Twa - point Four - point
DFTE DFT output DFT output
x(0) x(+xf2) A0 L
(Z(0))
x(0-x(2)
*(2) (1) >< S
] 8
x(1) x(1)+x(3) X (M2 -+
(V) Bl
x(1)-x(3)
xf3) ; e ¥ (W24
- J



Name: Student ID:

3. (25 points) A linear system is described by the follownaggfer function:

5 Al (ak

y=( 0)()(1J

X,

a) (8 points) Write down the A, B, C, D matrices in gtandard form corresponding
to the above equations.

-4 1 0
A= ,B=| _[C=@ 0,D=0
-2 -1 2
b) (7 points) Write down the transfer function H(s).

A:(:: _1J B:@ c=(10) D=0

H(s)=C(s ~A)*B+D _
¢ offg S A (e
6 o7 2 (3

_ 1 (1 O)s+1 1 Y0
(s+4)(s+Dh+2 -2 s+4)2

-2
s’ +5¢+6

c) (10 points) If the same set of state-variable equattstsrepresents the
following circuit, which physical quantities of the aiitdo the state variableg,x
Xz represent? You must justify your answers.

Q) ¥H

+
w(t) Y. /> £ 1F y(t)

Based on the output equation, we can easily deducestlsathe voltage across
the 1F capacitor. By setting &s the inductor current, we can write

KVL around the bigger loopx, = -2x, = X, + 2w
KVL around the smaller loop: X, = —4X, + X,
which are the same as the state equations.
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4. (25 points) An alternative to the impulse-invariant technigstep-invariance
synthesis. The step-invariant filter is derived by plg@runit step on the input of an
analog filter and a sampled unit step on the input to gadigier. The digital filter
H(z) is computed so that the output of the digitalrfitepresents samples of the
output of the analog filter.

1 |ya(t)] Sampling
s+10 > T=0.1s [~ Y«nT)

u(t) —» I

\ 4

Sampling
T=0.1s Hz) > YdnT)

a) (5 points) Write down the Laplace transform gty

Since the Laplace transform of the step functialiss we have

.01= g

b) (10 points) Compute the time-domain outps(hy) of the analog filter and then its Z-
transform Y4(z).

1 _A, B _K%_

L t)] = =
Ly (V)] s(s+10) s s+10 s s+10

= Y, () = —u(t) - e‘“"u(t)

y.(nT) = —u(nT) —Ee‘”u(nT)

Y(Z)— }/0 _ %0

1-z+ 1-e'z*
c) (5 points) Write down the Z transform of the outpuy(z) in terms of H(z)

Y,@="2

d) (5 points) By equating ¥z) and Yi(z), compute H(z)

i A=z

1 e—l -1

H(2) =7
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EXTRA WORKSHEET




