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Problem F.1:

(5 pts each) Short problem assortment. The six parts of this problem are unrelated to each other.

(a) Consider the system with input z(¢) and output y(¢) described by the equation y(t) = x(2t).
Circle “yes” or “no” in each row of the table below to indicate whether or not this system is
linear, time-invariant, and/or causal.

Linear yes | no

Time-Invariant | yes | no

Causal yes | no

(b) Consider the signal x(t) = t[u(t) —u(t —1)]. Sketch x(t), z(—t+1), and x(2t —5) in the space
provided below.

(¢) Simplify the following expression as much as possible:

d
@COS(T&T) [u(t) —u(t —2)] =



(d) Simplify the following expression as much as possible:

/t PBI6(r +1) + 6(r — 2)]dr =

—0o0

(¢) Find X (jw), the Fourier transform of z(t) = e 1*l.

4sin%(w/2)

(f) Find and sketch x(t), the inverse Fourier transform of X (jw) = 5
w



Problem F.2:
(10 points each) Consider the convolution y(t) = x(t) * h(t). For each part, z(t) and h(t) are given.

Sketch z(t), h(t), and y(t) in the space provided with correct labels for all axes. You do not have to
provide equations for your answers since you may be able to do some or all of these by inspection.

(a) z(t) = u(t) and h(t) = u(t — 2)

(b) z(t) = 36(t) +26(t — 1) + 6(t — 2) and h(t) = 8(t) — 8(t — 5)



(c¢) z(t) =u(t —1) —u(t — 2) and h(t) = 2[u(t) — u(t — 4)]

(d) x(t) = u(t) —u(t — 1) and h(t) = sin(27t)u(t)



Problem F.3:

This problem considers sampling and reconstruction as shown in the figure below where z(t) is

[e.e]
the signal being sampled, p(t) = Z d(t — nTy) is an impulse train, H(jw) is an ideal low pass
n=-—o0o
filter with cutoff frequency ws/2 and gain Ty, and x,(t) is the reconstructed signal. For all parts of

this problem the input is the periodic signal z(t) = cos(wot) + 0.3 cos(3wot), and the fundamental
frequency fo = wo/(27) is 196 Hz. This signal is a (poorly) synthesized version of a fictitious
musical instrument playing the note “G” below middle “C”.

X,(t) Low Pass
X(t) Filter F— (1)
H(jw)

p(®)

(a) (10 pts) Find and accurately sketch X (jw), the Fourier transform of x(¢), as a function of
f=w/2m.

(b) (5 pts) For what choices of sampling frequency f, will z,(t) = z(t)?



(c) (10 pts) Now let the sampling frequency be fs = 1000 Hz. Accurately sketch X;(jw), the
Fourier transform of the sampled signal z4(t), as a function of f for —1000 < f < 1000 Hz.
Find an equation for the reconstructed signal x,(t) for this value of f.

(d) (5 pts) Is the reconstructed signal z,(t) periodic for f; = 1000 Hz? If so, what is its funda-
mental frequency? If not, explain why not.



Problem F.4:

Consider the circuit shown below with input voltage source v;(t) and output voltage v,():

AW

Ry

(@ J—

+

+
vi(t) = input voltageC> L R, v,(t) = output voltage

(a) (5 pts) Draw this circuit in the s-domain assuming zero initial conditions. Properly label all
quantities indicated on the original circuit for full credit.

(b) (10 pts) Determine the transfer function relating the input voltage source to the voltage across
Ry, H(s) = V,(s)/Vi(s), by analyzing the circuit in the s-domain. Simplify H(s) so that it is
expressed as a ratio of polynomials in s with all like terms combined.

(c) (5 pts) Let v;(t) = Vhu(t). Use the Final Value Theorem to find the steady state output
voltage. Make sure that this value makes sense!



Problem F.5:

(5 pts each) Consider the six low pass filters whose transfer functions are given below. Your job
is to select either a step response (graphs 1 and 2) or a frequency response (graphs 3 through 6)
from the numbered choices below that matches the transfer function. Each one will have exactly
one match (that is, there will be either a step response or a frequency response that matches, but

not both). Put the number of the matching graph in the space provided.
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Problem F.6:

—b
This problem considers control of a plant Gp(s) = m using a proportional controller
Ge(s) = Kp.
+
r(t) G.(s) G,(s) > y()

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of b, the plant
zero location, and K, the proportional gain. Express your answer as a ratio of polynomials
in s with all like terms combined.

(b) (5 pts) For b = 2, find all K, > 0 for which the closed loop system is stable.

(c) (10 pts) Find the complete step response, y(t) for () = u(t), for b = 2 and K, = 1. Comment
on the ability of the closed loop system to track a step input.

10



Problem F.7:

s+2

———— and
52 4+9s+ 14 and a

Consider the same feedback system of the previous problem with G,(s) =
PTI controller, G¢(s) = K, + K;/s.

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of the controller
gains, K, and K;. Express your answer as a ratio of polynomials in s with all like terms
combined.

(b) (5 pts) What are the restrictions, if any, on K, and K; for the system to achieve perfect
tracking of a step input in the steady-state?

(c) (10 pts) Suppose you want the closed loop system to have one pole at s = —10 and two
repeated poles at s = —2. Either find K, > 0 and K; > 0 that will achieve this goal, or show
that it can’t be done.

11
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Problem F.1:

(5 pts each) Short problem assortment. The six parts of this problem are unrelated to each other.

(a) Consider the system with input z(t) and output y(¢) described by the equation y(t) = =(2¢).
Circle “yes” or “no” in each row of the table below to indicate whether or not this system is
linear, time-invariant, and/or causal.

Linear yes) no
Time-Invariant | yes ¢ho D
P
Causal yes (o)

(b) Consider the signal z(t) = t[u(t) —u(t—1)]. Sketch z(t), (—t+1), and z(2t —5) in the space

rovided below. -
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(c) Simplify the following expression as much as possible:

g{cos(wt)[U(t) —u(t - 2>ﬁ= Cos(rt) [ S - S(E-2) J-mrsnlm)lu t-u (2]
- S-S -t bk)-u (t-2)]




(d) Simplify the following expression as n_lLlLlch as possible:
t

[m73[5(7+1)+5(7_2)1d¢ = jf_ g(%”‘]‘»’fﬂ-r %S (’Y&Z\] é"f

"CD
= Ul Bultt)

(e) Find X (jw), the Fourier transform of z(t) = et
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Sticky Note
typo, change "t + 2" to "t - 2"


Problem F.2:
(10 points each) Consider the convolution y(t) = @(t) * h(t). For each part, z(t) and h(t) are given.

Sketch z(t), h(t), and y(t) in the space provided with correct labels for all axes. You do not have to
provide equations for your answers since you may be able to do some or all of these by inspection.

(a) z(t) = u(t) and h(t) = u(t —2) h (/(j\
X ) —
{ et
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(c) z(t) = u(t — 1) — u(t — 2) and h(t) = 2[u(t) — u(t — 4)]
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(d) 2(t) = u(t) — u(t — 1) and h(t) = sin(2rt)u(t)
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Problem F.3:

This problem considers sampling and reconstruction as shown in the figure below where z(t) is
o

the signal being sampled, p(t) = Z §(t — nTs) is an impulse train, H(jw) is an ideal low pass
n=—0oo

filter with cutoff frequency ws/2 and gain Ty, and z,(¢) is the reconstructed signal. For all parts of

this problem the input is the periodic signal z(t) = cos(wpt) 4 0.3 cos(3wpt), and the fundamental

frequency fo = wo/(27m) is 196 Hz. This signal is a (poorly) synthesized version of a fictitious

musical instrument playing the note “G” below middle “C”.

x,(1) Low Pass
x(9) Filter > x,(Y)
H(jw)

)40)

(a) (10 pts) Find and accurately sketch X (jw), the Fourier transform of z(t), as a function of
f=w/2m.

W)= Cos(wet) T 03 CLDSCBUOQH
ng\ = v 8l ) #TS L Ady )+ 03T S(W=21,) +0.31S (W3 W, )

1l Al

O‘% i\ O\%Tr

, ﬁ B (H?:)

539 29 © 9L 32 588

(b) (5 pts) For what choices of sampling frequency fs will () = x(¢)?

£.> 2(s88)
L5 1176 Hz




(c) (10 pts) Now let the sampling frequency be fs = 1000 Hz. Accurately sketch X;(jw), the
Fourier transform of the sampled signal z4(t), as a function of f for —1000 < f < 1000 Hz.
Find an equation for the reconstructed signal z,(t) for this value of fs.
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(d) (5 pts) Is the reconstructed signal z,(t) periodic for fs = 1000 Hz? If so, what is its funda-
mental frequency? If not, explain why not.
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Problem F.4:
Consider the circuit shown below with input voltage source v;(t) and output voltage v,(t):

+

v(t) = input voltage L R, v, (1) = output voltage

(a) (5 pts) Draw this circuit in the s-domain assuming zero initial conditions. Properly label all
quantities indicated on the original circuit for full credit.

\e(S)

(b) (10 pts) Determine the transfer function relating the input voltage source to the voltage across
Ry, H(s) = V,(s)/Vi(s), by analyzing the circuit in the s-domain. Simplify H(s) so that it is
expressed as a ratio of polynomials in s with all like terms combined.
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(c) (5 pts) Let v;(¢) = Vpu(t). Use the Final Value Theorem to find the steady state output
i |
voltage. Make sure that this value makes sense! W\@fﬁf g SenSe

(s)= \é’_ﬁé@ 355 = sYls) ls:o =V HWY=0 L0 JMPF




Problem F.5:
(5 pts each) Consider the six low pass filters whose transfer functions are given below. Your job
is to select either a step response (graphs 1 and 2) or a frequency response (graphs 3 through 6)
from the numbered choices below that matches the transfer function. Each one will have exactly
one match (that is, there will be either a step response or a frequency response that matches, but
not both). Put the number of the matching graph in the space provided.
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Problem F.6:

—-b
This problem considers control of a plant Gp(s) = sij-{—g using a proportional controller
Ge(s) = Kp
+
20) G.(s) 1 G > WD)

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of b, the plant
zero location, and K, the proportional gain. Express your answer as a ratio of polynomials

in s with all like terms combined.
Ko(s- L)

Kols=b)
\"H,S); SZ%ES"F?

Tl e) T s (s 13-k
S 4bst3

(b) (5 pts) For b = 2, find all K}, > 0 for which the closed loop system is stable.

awnst hage %’QKQ>O
Ko < 4

(c) (10 pts) Find the complete step response, y(t) for r(t) = u(t), for b = 2 and K}, = 1. Comment
on the ability of the closed loop system to track a step input.

\
EP | - - 3
()= S Aste oo 2
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TThis Eevblem was @svch ées\5hea&. Full Creduit
" AS %a\re Sﬁl(/d\\)\f\ m\\%ﬂmg @@%& o
Solbion on o hext page.

Problem F.7: Solwtior A

2
Consider the same feedback system of the previous problem with G,(s) = st and a

52+ 9s+ 14
PI controller, G.(s) = K, + K;/s.

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of the controller
gains, K, and K;. Express your answer as a ratio of polynomials in s with all like terms

combined.

LKQS;\'KL)(S 2) KQSZ*’ (QKPHQBS +A Koo
H(s)=_~5(8%4s 14

\+w = g2 (4K )sm (142 1) S +2K
5(s=as+14)

(b) (5 pts) What are the restrictions, if any, on K, and K; for the system to achieve perfect
tracking of a step input in the steady-state?

Uss = s, = Hiol= %i_ -1
The Sﬂﬁ*@m o I\ Qe(—Cecj’ lij Iercle a S*ﬁqﬂ o Hea %Jreuj:% .
s\'dre, .S \ovxi as L{Q ovd Lci; ove Qe(c;cjed % make e Sds evn .
(c) (10 pts) Suppose you want the closed loop system to have one pole at s = —10 and two

repeated poles at s = —2. Either find K, > 0 and K; > 0 that will achieve this goal, or show
that it can’t be done.
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Problem F.7:

2
Consider the same feedback system of the previous problem with G,(s) = stz and a

s2+9s+ 14
PI controller, G(s) = K, + K;/s.

(a) (10 pts) Find the transfer function H(s) of the closed loop system in terms of the controller
gains, K, and K;. Express your answer as a ratio of polynomials in s with all like terms

combined. %'\“’l - ____\___
GelS)=  (g4aYsrT) — St
\ps+ ¢ '
Hs)= ;(.,‘31- }\\13 KPS W
, T _ -
| + YestEL = S5 (Ftke)s T

SUS+3)

(b) (5 pts) What are the restrictions, if any, on K, and K; for the syétem to achieve perfect
tracking of a step input in the steady-state?

y
es= SV |- o= BLF £ = |
“The Sbs‘mm Wil Q@(’\%CJM fxcl a slep as f@mﬁ
a s %ﬂ. 536'\“@1/’?\ e &awb\ej \<P>":'L O\Y\&\ Kl‘)O

(¢) (10 pts) Suppose you want the closed loop system to have one pole at s = —10 and two
repeated poles at s = —2. Either find K, > 0 and K; > 0 that will achieve this goal, or show
that it can’t be done.
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