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¢ You must show work to receive partial and full credit.

e Put a box around your final answer and it must include units, if necessary.

e Time allowed : 50 minutes.
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1) (10 points) For the following multiple choice questions circle the letter next to the
correct answer.

The following transfer function is for questions i, ii, and iii.

1
H =
(s) (s+4)(s?+4s+4)(s*+25+5)
S D* 7
}"ij/_))?. Jc(z(/“/ 4’2)
i) Which of the following is not a characteristic mode of the system?
a) e b) te® e) esin(2t)
i) The best estimate of the_settling time for this system is

b) 2 seconds ¢} 1 second d) 0.2 seconds e) 8 seconds

iii) The dominant pole(s) of this system are

a)-2and 2 (b)-1+2jand 12} ) 4 d) 20 e)0

iv) How many of the following impulse responses represent unstable systems?
(D) =t +e" Ju(r)
(@) =eu(t) >
hy () =[2 +sin(£)]u(r) M
h(@) =[-8 u(@) M
() =[1+t+e " Tu(t) A
h (¢) =[te” cos(5t) + e~ sin(3)Ju(t) S

a) 0 b) 1 @ d)3 e)s

v) Which of the following transfer functions represents a stable system?
s—1 1 s
G (s)y=— G.(s)= G (s)=
(5 s+1 (5) s(s+1) (5) st -1
s+1 s—=1—)(s—=1+7 s=1=-j¥s-1+J
Gu)= S G ST (Gl ))
(s+1+ ) (s+1-) s (s+1-j)s+1+))

a)alibut G, b)onlyG,, G,,and G, c) only G,, G,,and G;

d)only G, and G, e) only G, and G,
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2) (20 points) For the following ciruit,
R

e i(x)l

+
vl (_) C ——

Write the output, Vou(s) in terms of Viu(s), R, C and v(07). Identify the ZSR (zero state reponse)
and the ZIR (zero input response). (You can leave your answer in the s-domain)

i + ya,,b(t) \/ ct

& m X \/(o)
T 3

k) _Vn @)~ —~ _ G20 ‘

7 —— 3+
4 R+Y et Keg

d Vie™)

= @CQVM [4) + ( /——ES/,__
VCM{'(‘:D = ‘E/ § 7

| RCev) L
L N S
Ry 22k
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(20 points) Consider the following simple feedback control block diagram. The plant,

. . 3
the thing we want to control, has the transfer function G,(s)= e
s+

Go(s) > ¥(s)

+

e G.(5)

Y

Determine the settling time of the plant alone (assuming there is no feedback).

7‘_;4
> T =

Determine the steady-state error due to a unit step input of the plant alone (assuming
there is no feedback).

- /- % =2

For a proportional controller, G(s) = k,,

i) Determine the closed loop transfer function Gg(s).

Golg) = 22—

Er S+3k,

ii) What is the settling time in terms of k,?

- A

Is = S-fg»{([b

iii) What is the steady state error due to a unit step input, in terms of k,?

3% _ _s
Sr3k Sk

54;;"[
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4) (20 points) The following figure shows three different circuits, which are subsystems for
a larger system. We can write the transfer functions for these systems as

- -
Ga (S) — Klowa)low G[, (S) — hlghs GC (S) — —Kap

s+ a)low S high

Determine the parameters K,

low?

Djorss Kpighs Opigri»@nd K in terms of the parameters given (the

resistors and capacitors). Ui B Vo) pa”g, - ‘ii/—S?———
" AN 2o Ve
_-l(—_ Ra ‘ - Re L.
R Vouk 9  ~FR 7 ke
W\ Vin 1 Rectr .
System A R
+""\/\/\/‘ .,
Vit Y 0
&5 Vo 1D _ —VouHO = Vea (O <9
System B Rb Rb " Jz 4 Pocs + |
i ‘ - ¥c 4
ww C by Veb ks -cfed
- - Um 1) Rectrl oG <
T
R :“'2/&, $ Ky, = "ﬁ/& \
\
e RUILT U A \/R\ch
Us (d) = Veut()
3 R

\/0&% \Cf) - E&
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5) (20 points) For the following transfer functions, determine the impulse response of the
system. Do not forget any necessary unit step functions.
) H(s) =< )= @)
a s)= -
e Grd)= 3‘;_ gﬁf et it

ﬂ,,f);; rd-2) :Zc;/jw/;’}) =4 )

For the following transfer functions, determine the unit step response of the system. Do not
forget any necessary unit step functions.

VIO = T st T € gt (@)

-l XbGfides, 0=2A4+B3 B~

e

5o Cr et ijj

— 1 (/ — / : L = ) 2
VHE) = 5mrs /() & Erydrao ¥ ‘f;[@ﬁ\)z% ‘/l
i - L xgfe>emo=Arc
= ﬁ ral_4 ) 2;#3 4= e SR
/( Zp2) M@ 27/
5o _ -2 4
é’x‘é“?*}/l ;‘;‘ = L‘f‘D i 2 B :L\lqa 3\\ I’ l ) << wJ 7

/z‘> 2070 906’ wf/%‘) ‘LG‘ 9»7/%)}“‘*‘)
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(10 points) For the following signal flow graph, determine the transfer function between

the input and output using Mason’s gain formula. You do not need to simplify your final
answer.

6)

Py= W R v,

KPZ - M‘ H\{
Ly — ’Jh \";zHU LL/ :'-‘/7',}112#-){}
L)://z/éﬁé Le =~ 1 ’717’
LB - Hy Hs

L =)
L2 =/
2 fJ%.Aa
Go =
AN
RT/CAB
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