ELE314 Linear Systemsand Signals Exam #3 Summer 2017 Name: Solution

Open book/notes (10 questions, 10 points each)

1.

(D ) The pole-zero plot of adigital filter shows two poles at 0.25 + 0.75 ] and two zeros at 0 and

2 2
1 What isits H(2)? (A) ———1 () £-%24068
z°+0.52+0.625 z'—z
2tz 24z
©) = , (D) 5 , (E) none of the above.
z°4+0.52+0.625 z°—0.52+0.625
z(z+1) 224z

H(z) = = =
(2) (z—0.25+0.75j)(z—0.25-0.75j)  (z—0.25)*+0.75

2 2
zZ+z _ z'+z

2—0.5240.0625+0.5625  z°—0.5240.625

(D ) For the above problem, what is the filter equation?
(A) y[n]=x[n]+x[n—2]-0.5y[n—1]-0.625y[n—2],
(B) y[n]=x[n]-05x[n—1]4+0.625x[n—2]+y[n—1],
(©) yln]=x[n]+x[n—1]-0.5y[n—1]—-0.625y[n—2],
(D) y[n]=x[n]+x[n—1]+0.5y[n—1]-0.625y[n—2], (E) none of the above.
_Y( ) B 1+z7"
S X(z)  1-(0.527'-0.62527)
= Y(z) = X(z)(1+z ")+ Y (2)(0.527'-0.625z %)
= yln]=x[n]+x[n—1]+0.5y[n—1]-0.625y[n—2]

z

H(z) = Y(z)[1-(0.527"'-0.625z%)] = X (z)(1+z7")

(B ) For the above problem, what doesits \H(e""’)| look like?

(A), |HE/)| (B)) |HEe)| (©), |He/)| D), [HEe)|
(E) none of the

5 3 5 5
4= 4 4 - 4 |- above.
3= 3 I 3
2 2 2k 2
1 ® 1 1 ® 1 L ©
L L . L k-
0 T 0 0 T 0 T
jo jw jw L.
e’"(e’+1) e’’(cosm+ jsinw+1)

]{ em) = - - = —
() e3°—0.5¢’°+0.625  cos2w+ jsin2w—0.5cosm—0.5 jsinw+0.625

e’”(cosw+ 1+ jsinw)

(cos2m—0.5cosm+0.625)+ j(sin2 w—0.5sin w)
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4.

\/(cosm+1)2+sin2m

\/(cos2m—0.5 cos +0.625)*+(sin 2w —0.5sinw)’

|H () =

\/(cos(x )+ 1)2 + sin®(x)
N\ =
oY v (cos(2x) — 0.5c0s(x) +0.625)% + (sin(2x) — 0.5sin(x) )>

The system is substantially underdamped as indicated by the prominent peak, which is related to
the two poles close to the unit circle.

(A ) For the above problem, what isits Direct Form 2 realization?
(A) (B) (©) (D)
YO o y®) XO a gy X0 o y) X BIC

(E) none of the above.

1
H(z) = 11+Z =~ =
1-(0.52' —0.625z°) 2
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5. (B) If H(z)=

7.

2
—Z

2
l—\/(7)271+zi

(A) h[n]zsin(%), (B) h[n]zsin(%), (©) h[n]zcos(“—;),

-, What is h[n]? (Hint: Usethe ZT Table)

(D) h[n]=cos (T[Tn) . (E) none of the above.

-1 .
Fromthe ZT Table  sinwn <=z= H(z)= Z sInow

n_J2
2

1-2z 'cosw+z>

Let o= . = cosZ=sinZ=

. Thus, h[n]=sin(Z2).
4 4

(A ) TheDirect form 2 realization of afilter is shown below. What isits filter equation?
(A) y[n]=x[n]+0.36x[n—2]+0.36 y[n—2], x(1) . ! (1)

(B) y[n]=x[n]-036x[n—2]-036 y[n—2],
(©) y[n]=x[n]+036x[n—1]+0.36y[n—1],
(D) y[n]=x[n]—-0.36x[n—1]-036y[n—1],
(E) none of the above.
a,=0 b,=1 H(Z):Y(S) _ 1+o.3>6z_‘22
a,=0.36 b,=0 X(s)  1-036z
L7036 |y (6)(120362) = x(5)(140362) =

Y(s) = X(s)(140.362z7°)+Y(2)0.36z° = y[n]=x[n]+0.36x[n—2]+0.36 y[n—2]

(B ) For the above problem, what is the pole-zero plot?
j z-plane (C)

i z-plane (D)

j z-plane

(E) none of the above.

Zerosat: s = 0.6 j; Polesat: s = £0.6.
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8. (A ) Theloop gain of a feedback control systemis G(s) H(s)=—;
(s"+s5+1.25)(s+1)
itsroot locus for negative feedback?
Ay pie (B e (©)  pe (D)
- BN iF X TFx
\ J | /
Y QO P> kOt —> KOO
- 0 -1 -1 A -1 0 [ - -1 0 -1
o , \
- LA - X qX
(E) none of the above.
-1 -1
G(S)Hsz S(i ) = ‘S(S ) :
((s+0.5)+1)(s+1)  (s+0.5+))(s+0.5—j)(s+1)
Zerosat: 0,-1;, Polesat: —0.5+;,-1.
2 Poles Zeros
Real | Imag. | Real |Imag.
-0.5 +1 0 0
25 -0.5 -1 +1 0
-1 ] R | IS | o
e e e e
R :} i | e
/ Gain Points
al Nr.| Real Imag. | RL.Gain
1.5
ko

s(s—1)
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9.

A state-space representation is developed for the 2nd-order differential equation

(C)
y(t)+2y+5y = 2x by choosing the state variables: s,=y; s,=j. The state equation in
matrix formis s=A4s+bx . What is the plant matrix A? (A) g 51 , (B) g ;]
© 0 1 , (D) 0 1 ., (E) none of the above.
-5 =2 5
10. (A ) For the above problem, what is the input vector b ? (A) (2) , (B) 0

© (D) _0 , (E) none of the above.

0
1

p(t) ==29 — 5y + 2x

S =V =95

§, =V =-5y=2y+2x = =55 —2s,+2x

Yoo
y

Sl
S2
Thus, the state-space representation is given by

0 1
-5 =2

2 S2

The system equationis § = As + bx, where

the plant matrix 4 = 0 1 ],and the input vector b = {g]

-5 =2
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