Sample Exam 1: Chapters 1, 2, and 3

#1) Considerthe linear-time invariant systemrepresentedy

WO | ayay =3, y(0)=1

Find the systemresponseand its zero-stateand zero-inputcomponents.What are the responsesteady
stateand transientcomponents.

#1b) Using the linearity and time invarianceprinciple (note that you haveto assumezeroinitial
conditions)find the responsef the systemdefinedin #1a)dueto theinput signalequalto u(t) — u(t — 2).

#2a) Using the propertiesof the impulsedeltafunction simplify the following expressions

o0

(i) eto(t—2), (i) /(t—|—2)(5(t—0.5)dt

— 00

1

(7i7) / e~ sin (nt)6((t — 2)dt, (iv) /e_St cos (t — 5)é(t — b)dt

— Qo0

#2b) Plot the graphof the signalrepresentedh termsof unit stepand unit ramp signalsas
z(t)=u(—t+2)+u(t+2)+r(-t—1)

and find its generalizedderivative.

#3a) Find the Fourier seriesof a periodic signal representedy

1, —-1<t<0
e(t)==2(t4+2) = {2, 0<t<1
#3b) Find the systemresponsedue to the periodic input signal given in #3a) of a linear system
whosetransferfunction is H (jw) = 1+le.
#3c) Usingthetablesof commonpairsandpropertiesof the Fouriertransformfind Fouriertransforms
of the following signals:

t

(1) te M (i) e Pup(t)cos(t), (i) / pa(37)dr,  (iv) up(t — 2)

— o0

#3d) Find the inverseFourier transformof the signals

(i) - ﬁjw cos (2w)e 7% (i) po(w — 2)




Sample Exam 2: Chapters 1, 2, and 3

#1) Considerthe linear-time invariant systemrepresentedy

WY L yt) = sin(t-3). (0) =0

Find the systemresponseand its zero-stateand zero-inputcomponents.What are the responsesteady
stateand transientcomponents.

#2a) Using the propertiesof the impulsedelta signal simplify the following expressions

(1) (t—1)%6(t—1), (1) / cos (mt)6® (¢t — 1)dt, (iii) / sin (71)8(3t — 2)dt

4

(iv) / ¢ sin (306(t — 3)dt,  (v) / FO8N( + 5)dt

-3

#2b) Plot the graph of the signal representedn terms of unit step, rectangular,and unit ramp
signals as

2(t) = 7(t — 3) + 2pa(2t — 5) — u(—4t + 2)

and find its generalizedderivative.

#3a) Find the Fourier seriesfor the sawtoothsignalwith 7 = 1, 7 = 1. Note it is an odd signal.
Hint: . - ;
/tsm (at)dt = oz sin (at) — o cos (at)
#3b) Find the liner systemresponsedue to the periodic input signal definedin 3a). The system
transferfunctionis H(w) = .
#3c) Usingthetablesof commonpairsandpropertiesof the Fouriertransformfind Fouriertransforms
of the following signal:

(i) sin (27t)[un(t — 2) — un(t — 1)], (id) t2e > uy(t), (iii) sinc(3t —4)
#3d) Find the inverseFourier transformof the signal
X(jw) = 2ps(w) — pa(w — 1)

#3e) Find the responseof the systemdefinedin 3b) dueto the input signal5 cos (10t + g)



Sample Exam 3: Chapters4 and 5

1) Find the Laplacetransformof the following signals
filt) = (t+2)e  u(t — 1), fot) = cos (zt)u(t — 2), fa(t) = 6te™ sin (3t)u(t)
2) Find the inverseLaplacetransformof the following function

2s + e °
F(s) = ———
(5) s2(s+ 1)

3) Find the Z-transformof the following signals

2, k=5
Ailk] = 3542 (k + 2)ulk — 2], falk] = k cos {kg]u[k], falk] = { 4, k=9
0, otherwise

4) Find the inverse Z-transformof the following function

_ 4(z 4 2)
P& = ot 196 75

Using the initial and final valuestheoremsverify the valuesobtainedfor f[0] and f[o¢].

5) Considera continuous-timesystem

PO GO gy g T o) =1, 0(0) =0, S0 = e tate)

Find its transferfunction (1pt), impulseresponsglpt), stepresponsgl1pt), zero-statg(1pt), and zero-
input (1pt) responses.
6) Considera discrete-timesystem

oIk~ ol — 1] = cylk 2] = STk — 1] + flk —2]

y[-2 = =2, y[-1]=0, f[k]=(=1)"u[k]

Find the systemtransferfunction (1pt), impulse responsg1pt), zero-state(1pt), and zero-input(1pt)
responsesWhat is the systemsteadystateresponsedueto f[k] = 5u[k] (1pt)?

Hint: cos (o £ 8) = cos(a)cos(3) F sin (a)sin (F).



Sample Exam 4: Chapters 4 and 5

#la) Find the Laplacetransformof the following signals
fit)y = e (3t —4), fo(t) = cos (nt)[u(t) —u(t - 2)], f3(t) = (* + L)u(t - 1)
#1b1) Find the time domaincomponentof the inverseLaplacetransformthat correspondgo the
pole located at the origin
—2s

s(s+1)(s+2)(s+3)(s+4)(s+5)

Fl(s) =

#1b2) Find the inverselLaplacetransformof the function
—3s

BEEEaY

#2a) Find the Z-transformof the following signals

_ 3, k=15
Sulk] = 320k + 2)ulk],  folk] = cos [kZ]ulk - 1], f3[k]—{4, k=29
0, otherwise

#2b) Find the inverse Z-transformof the following function

5(z +2)
G+ 02— 1)

Canyou apply the initial andfinal valuestheoremgo the function F'(z). If yes,find f[0] and f[oo].

F(z)=

#3a) Considera continuous-timesystem

LA 45T gy = 0, y(07) =2, ¥O07) =0, (1) =5ult)

Find its transfer function, impulse response,step response,zero-state,zero-input, and steady state
responses.

#3b) Considera discrete-timesystem
1
ylk] + ylk =1 + Jylk = 2] = flk = 1]+ f[k - 2]

k
J2 =2, yl-1]=1, flk]= (—3) ulk]

Find the systemtransferfunction, impulseresponsezero-input,and zero-stateresponses.

Hint: cos (o £ 8) = cos(a)cos () F sin () sin (5).



Sample Exam 5: Chapters 6, 8, and 12

1) Convolvegraphically continuous-timesignalsp,(t) and Ag(t — 1).
2) Using the sliding tape methodfind the discrete-timeconvolution f [k] * f1[k], where

1 k=0
-2 k=2
3 k=3
k] =
J1[k] 1 k-4
-2 k=5
0 otherwise

3) Considerthe continuous-timdinear systemrepresentedn the statespaceform by

] I ] R F A o R Y

a) Find the systemtransferfunction.

b) Find the systemimpulse response.

¢) Find the systemtransitionmatrix using the Laplacetransform.

d) Find the systemoutputresponsgy(t)) dueto the systeminput f(t) = e *u(t).
4) Considerthe discrete-timdinear systemrepresentedh the statespaceform by

Ll =1 S]E] - L (]G

=1 o))

a) Find the systemtransferfunction.
b) Find the systemtransition matrix.
c) Find the systemoutputresponsgy[k]) dueto the systeminput f[k] = (0.5)ku[k] .

5) The open-loopsystemtransferfunction is given by
1
H(s) = “Ta

Assumingthe unity feedbacksystem find the sensitivity function of the closed-loopsystemwith respect
to parametera.

Hints;
1

e ut) — , - — >
O (s + a)? Z-a (2 —a)’




Sample Exam 6: Chapters 6, 8, and 12

#1a) Convolvegraphicallycontinuous-timesignalsps(t — 1.5) and pa(t) + Ax(?).
#1b) Using the sliding tapemethodfind the discrete-timeconvolution fi[k] x f2[k], where

1 k=0 2 k=2

2 k=2 3 k=3
hlkl=43 k=3 , flk]l={-2 k=14

2 k=4 -1 k=5

0 otherwise 0 otherwise

#2A) Considerthe continuous-timdinear systemrepresentedn the statespaceform by

] R R [ K O e B R

v =13 01201

a) Find the systemtransitionmatrix ®(s), andobtain ®(¢) usingthe Laplaceinversetransform.
b) Find the systemtransferfunction.

c) Find the systemstateresponsdor f(¢) = ¢(¢) andthe given initial conditions.

d) Find the systemoutputresponsey(t)) dueto f(¢) = e~3'u(t) andthe giveninitial conditions.

#2B) Considerthe discrete-timelinear systemrepresentedn the statespaceform by
main] = ] bl )= L]
_ z1[k]
=0 210

a) Find the systemtransitionmatrix ®(z). Obtain ®[k] via the Z-transform

b) Find the systemtransferfunction.

¢) Find the systemoutputresponsdy[k]) dueto f[k] = (—%)ku[k] andthe giveninitial conditions.
d) Given the systemrepresentedy

ylk + 5]+ ylk + 4] — ylk + 3] — yk + 2] + 2y[k + 1] - 2y[k] = f[k + 3] + 4[k]
Find the systemstate spaceform.

#3) The systemopen-loopsystemtransferfunction is given by
K
s(s+1)(s+2)(s+5)
Assumingthe unity feedbacksystemand the systemasymptoticstability for somevaluesof the static
gain K, find the steadystatestep,ramp, and parabolicerrorsin termsof K.

H(s) =

Hint: Some common pairs:
1

s+ a

z az

1
t Z eyt te %yt . ka®ulk
u()HS7e 'U,()H ? € u()H(s-l_a)Q? HZ-CL’ (LU[]H(Z—(L)

2



