ECE-202 HOMEWORK PROBLEMS (SET 1) SPRING 09
TO THE STUDENT: ALWAYS CHECK THE ERRATA on the web.

ANCIENT CHINESE PROV ERB: If you give someone a fish, you give them food for a day; teach a
person to fish and you give them food for a lifetime. The Mafiréthe Proverb is: learn to read the text,

the class notes, and then reason your way through the HW problems rather than ask the TA to give yot
solution for the day.

RAYOS VIEW OF EDUCATION: The success of your education depends on your investntéat in
education. All investment is arisk. Investment planners always talk about the long term. Learn the
material of this course for the long term, not the short term grade. Information is only part of the
investment portfolio. The development of ydhinking patterns constitutes the long term goal.
Successful professors have thinking patterns you would do well to learn, as a musician might learn the
rhythm and blues progressions of the best guitarists. Learn them and be the best you can bety Medioc
is mostly a choidd will it be yours?

ADVICE : do as many problems in each chapter as you can. Try the easy ones first.
DUE FRIDAY WEEK 1 (JAN 16)

1. (Signal represenation and Laplace transforms) Recall:@fxqtdenotes the nit step function,
r(t)=tu(t) the ramp function, and (t) the secalled delta function (which is NOT really a
function, but rather a scalled disttribution).

(a) Plot each of the following functions on graph papertfer time interval [0, 6]. (No points
otherwise.)
() fi®=2u)+uct! H+uct! 2)! 4ut! 4)
(i) Hr)=2rt)-2rt-1)—-r(t-3)+r(t-5)
(i) f5t)=2u®)! r)+r(t! 2)
(iv) f4(t)=cos(0.5! u(t)+cos(0.5/ (t" 2))ut" 2)

(b) Represent each of the following signals as scaled steps, scaled rangbsftsuod such

functions.
(b-i) (b-ii)
& T
| 2 - 2
1
- i i -t | i - 1
—ET1 —T1 T2 ETE 2 4
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(b-iii)
i1‘3Iitll

2. Using your knowledge of the Laplace transforms of the step and ramp functions in conjunction
with linearity and the time shift property, compute the Laplace tramsfof
@) A1) =2u)! r@t)+r! 2)
(b) fo(r)=9n@/ )" (2t #T)+K"(t#T)+Ky,"(t#4T), K1,K,,T >0
() fyt)y=4ct! De Dyt 1)
(d)
A 401

24+

(e) fs(t) =1t (t)

3. REVIEW op amps and voltage division from ECE 201. All are expected to know the concepts anc
techniques studied iB01. Each student should do their own review as needed.

(@) Suppose, (r)=2u(t! T)! 2¢' *u(t), T>0 V, find V. (5), 1;(9), andV,,,
first specifying the time domain functions and theing class or text examples and appropriate
properties of the Laplace transform to compute the indicatieansin functions.

(b) Supposev. (t) = 2.5 Dut-1) v, find ¥, (s), 1;(s), and V, (s for figure 3.b by first

specifying the time domain functions and then using class or text examples and appropriat
properties of the Laplace transform to compute the indicadesngin functions. (You may NOT
use the integration property at this time.)

(s) for figure 3.a by
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Figure 3.a Figure 3.b

4. Compute the Laplace transform of each of the following signals:

@ f@)= [th - 10t}u(t)u(2— t). First represent this signal as a sum that allows you to apply the
previously computed transforms and the transform properties.

(b) f,t)=t*etut)+te* Dyt —1) (Be Careful OtO is NOT-13 in the second term. Use
properties wherever possible.)

c)
ifEIit:'

\. ./‘. >
aT 4T BT

DUE FRIDAY WEEK 2 (JAN 23)

5. Find (i) the SIMPLIFIED partial fraction expansion and (ii) the inverse Laplace transforms off each
the following functions by hand. Show ALL work. No details, no credit:

(@) Fl(s)zw Check: one residue is a.
(s+a)(s+b)

_(a+b+ c)s2 + (bc+ 2ab+ ac)s+ abc
(b) Fa(s)= s(s+a)(s+b)

cs? +(a+2ac)s+ [(1 +c)a’ — a}

Check: one residue is a.

(c) R(s)=

(s+ a)2



202 HW Probs page4 Spring 09

4 3 2
+ + + +
(d) Fa(s)= S’ +1857+98s" +2085+144 Check: two residues are at 2 d&ed

(s+2)%(s+4)°

Remark: check answer to (d) using MATLAB. Use help command to understand the terms used
below.

For example for part (d),

num =[1 18 98 208 144];

den =conv([1 4 4],[1 8 16]);

[r,p,K] =residue(num.eh)

6. Find the partial fraction expansion and the inverse Laplace transforms of each of the indicated outpt
voltages or currents. All answers must be in terms of real functions with real coefficients or symbols.
Show ALL work . No details, no credi

(@) For the circuit of figure 6a, find the partial fraction expansiovi gf(s) and then findv, , (t) for of
552 +8s +16

s(s2 +4) .
(b) For the circuit of figure 6b, find the partial fractiompersion ofV’, .(s) and then findv, (¢) for

3 2
the input current;,(s) = 20S > 5 Aés+ 9 Check: one residue at 20.
(s—2)°(s“+1)

the input voltageV,,(s) = 20

t)

i
i
’ O
2 L Voutlt) ¥
vi”{t}C:D e Youtlt)
4 01 220
240 g 0
5
Figure 6.a Figure 6.b
4s+20

7. Use Laplace transform properties to fig(s) and gy (t) as given below whefr(s) = ( 1)2 :
S+

State each property that you used. Assume of coursd that 0 for t <O.

(@) g (t)=0.5i¢f(t) (b) go(t)=€"f () (©) ga(t) = 2¢™ g1(7)
(d) ga)=2q1(2t! 4)  (e) gs()=20-2)f(t—-2) (f) ge(t)=2f(t! 2)
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8. (a) Considerf (t) in the figure below.
(i) Expressf(t) as a sum of appropriate step functio@amputeF(s).

(i) ComputeL [g(t)]=L % f(t)g using the derivative property.

$t '
(i) Compute L[g(t)] = LE&H(!)d!) using the integral property.
&)
‘f':t:'
3 4
21
1
: : - 1
1 5 2

(b) Repeat part (a) fof.,(t) = f(t+1). Careful it is not obviois.

DUE WEDNESDAY WEEK 3 (JAN 28)

9. An integredifferential equation for an RLC circuit driven by a current source withC =05F, L=1
H R=2!is
t di

R+~ Hi (q)dq+Lﬂ:i. | —in
Loc it dt " dt

(@) Findi,(t) when iL(O):%(O):O and i, (t)=12u(t) A, with il-n(O):il-n(O! )=0 (zero

state responsg Hint: differentiate the integrdifferential equation before taking the Laplace
transform.

di
(b) Ifi,(0)= %(0) =4 (in A and A/s units) and|, (t) =0, find i, (). (zero input responsg

(c) Sum the answers to (a) and (b) to obtairctmplete response

10. (a) For the circuit below, fing, (), 1,,(s), andig (t) whenim(t):(l! ¢ 5’)u(z) A assuming

the capacitor has zero initial condition.
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(b) For the circuit below, fin@, (s), V,,.(S), andv, (r) whenvi,(t) = 20¢' *'u(t) assuming zero
initial conditions.

Vi L) C+> -0 Touttt!

1 - 4H -
Ein(S}

(c) Find the Thevenin equivalent impedance of the circuit below. (Hint: label the teriwj{a)sand
an input current to the top terminal Bs(s) . DetermineVi,(s) = Zi,(S)1in(S) by first finding

lin(8) = Yin(SVin(9) )

05H
o
05 Q¢ |1 () s
Z,p ¢ R
-
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11.  Find the input impedancg;,(s) and the indicated response for each of the circuits below:
(@L=1H,G=0.18S,andC=0.05F,(t)=45(t) V. Response is(t).

N
L
+> g
Yintsh s G C
— -
T
Eiﬂ':S:I
(b) Responsesiv. (1) with R=41, C=0.1F.
& V(L)
_.-'Hx___.-"xw__.-"w_
2l E +
+ D —
| w0 () R
— —
: — Ziplts)
=
(c) i, (t)=85(t-1). FindY, (s) andZ,(s) here.
I
@ut‘zﬁ}l Rz Ry
iiplt) D
Ry L
—— L poll I
i
¥, s .
12.  (a) Find an RC circuit realization f&, (s)= 42: 26.

: L o + +12
(b) Find an RL circuit realization fof,,(s) = 2s+12 2512
s+2 s+4

2

) . +4 2

(c) Find an LC realization aZ;, (s) = i +— §
2s s°+4

2
. L 1 0.2
(d) Find an LC realization of;,(s) = > oy 02 *

2s  s°+4




