
EE202 HOMEWORK PROBLEMS (S ET 3) SPRING 09 
 
TO THE STUDENT:   ALWAYS CHECK THE ERRATA on the web.  
 
Quotes for your Parent's Parties:  1.  Only with nodal analysis is the rest of the semester a possibility. 
ÐRay DeCarlo 
3.  Politics is the art of preventing people from participating in affairs that properly concern them.   
ÐPaul Venerey. 
4.  The true worth of your travels lies not in where you came to be at journeyÕs end, but in whom you 
came to be along the way.  ---????? 
5.  A single arrow is easily broken, but not ten in a bundle.  ÐJapanese Proverb  
6.  Laugh at yourself before anyone else can.  ÐElsa Maxwell 
7.  If you are patient in one moment of anger, you will escape a hundred days of sorrow.   
ÐChinese Proverb 
 
REVIEW PROBLEM FOR YOUR SPARE TIME, NOT TO BE TURNED IN 
 
1.  Consider the circuit   

 
This problem is to be solved using nodal analysis. 

(a)  Draw the equivalent frequency domain circuit assuming i
L
(0! ) = 2  Aand vC1(0! ) = 40 V. 

(b)  Write three nodal equations for the circuit of part (a) only in terms of the voltages Vin(s), Vout(s), 
IL(s), and of course the input and initial conditions.  SIMPLIFY EACH EQUATION.   
(c)  Put equations in Matrix form. 

(d)  Using CrammerÕs rule or equivalent, find the transfer function H (s) =
Vin(s)

I in(s)
 of the circuit.   

(e)  Find the response of the circuit to iL(0
! ) = 2 . 

(f)  Find the response of the circuit to vC1(0! ) = 40 and determine the zero input response. 

(g)  Find the step response (the response due only to the step function with zero initial conditions) and 
then the zero-state response of the circuit to 

  
iin(t) = 8u(t)  A.  (What principle should you use?) 

(h)  Determine the complete response.   

(i)  Find the zero-input response if  iL(0
! ) = 4 and v

C1(0! ) = 20.  (What principle should you use?  No 

additional calculations are necessary as above!!!!!) 
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(j)   Find the impulse response , i.e., the response due to an impulse input with zero initial conditions.  
DO NOT REPEAT the calculations done earlier.  What is the relationship between the impulse and step 
responses? 
 
DUE WEEK 5, WEDNESDAY FEBRUARY 11 
 
21.  In the switched capacitor network below, the switches S are moved to position A at t = 0 and to 

position B at t = 2.  All capacitor voltages are zero at t = 0! , Compute v1(t) and v2(t)  at t = 0+ , t = 2! , 

and t = 2+ .   

 
 
22. In the circuit below, switches S1 and S2 have been closed for a long time.  At t = 0, switch S2  is 
opened and switch S1 remains closed.  At t = 1 sec, S2 is closed and S1 is opened.  Assume R= 2  !.  

 

 
 

(a) Find v1(0! )  and v2(0! ) . 

(b) Find v1(0
+
)  and v2(0+) . 

(b)  Find v1(t)  and v2(t)  for 0 ≤ t < 1 sec.   

(c)  Find v1(1! )  and v2(1! ) . 
(d)  Find v1(1+) and v2(1+). 
(f) Plot v1(t)  and v2(t)  for t >1. 

 
23.  The pole-zero plot of a transfer function H(s) is given below.   

(a) If the dc gain is Ð10, find H(s). 
(b) Compute the impulse response. 
(c) Compute the step response.  Check:  Your answer to (b) should be the derivative of your 
answer to (c), since the delta function is the derivative of the step function. 

(e) If the input is 10e! atu(t) , find the positive number a such that the response does not have 

a term of the form KeÐatu(t).  Find the zero-state response under this condition. 
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24.  For each of the circuits below, compute the indicated transfer functions and determine the ranges of 
gm  or rm  for which the circuit as modeled by the transfer function is stable in the BIBO sense.   

(a)  For this circuit the transfer function is H (s) =
Vout (s)
Vin(s)

, R = 4  !, C = 0.25 F. 

 
 

(b)  For this circuit the transfer function is H (s) =
Vout (s)
Vin (s)

. 

 
 
 
DUE WEEK 6, TUESDAY FEBRUARY 17 
 

25 & 26.  Consider the circuit below.  Suppose R1 = 10 !, R2 = 30  !, R3 = 15 !, C =
1
40

 F, and 

L = 8 H.  Suppose vin(t) = v1(t) + v2(t) = ! 25u(! t) + 25u(t)  V (plot this input function so that you 
know its shape). 

 (a)  Compute vC(0
!
)  and iL (0

!
) . 

 (b)  Compute vC (t)  and iL (t)  for t > 0; this is the complete response. 

 (c)  Identify the part of the response due only to the initial conditions at t = 0!  which result from 
! 25u(! t) ; one would think of this as the zero-input response. 
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 (d) Identify the part of the response due only to the part of the input for t > 0, i.e., due to 25u(t)  
assuming zero initial conditions; one would think of this as the zero-state response. 
(e)  Identify the transient and steady state parts of the complete response. 

 

 
 
27.  Find the phase and magnitude in SSS for each of the circuit transfer functions (or circuits) below 
when excited by the indicated sinusoidal input.   
 

(a)  H (s) =
Vout (s)
Vin(s)

=
16s+ 96

s2 + 8s+ 64
is excited by the inputvin(t) = 4cos(4t + 45o)   V. 

 

(b)  For this problem suppose 

  

H(s) = 4 5
(s+ 2)(s! 2)

(s+ 2)2 +16
 has outputvout (t) = 25cos(3t +100

o
)   V.  

Find the sinusoidal input vin(t) = K cos(!t +")  which gives rise to this output. 
 
(c)  Consider the circuit below.  Suppose L =1  H, R1 = 15 ", C = 0.01 F, and R2 = 5  ".  
Supposevin(t) , the voltage + to Ð across the current source is the desired output.  The transfer function 

H(s) =
Vin(s)
I in(s)

= Zin(s) =
??

s2
+

?
L

s+
1

LC

.  Find the phase and magnitude of the output cosine, 

vout (t) = K cos(! t +" ) , in SSS to vin(t) = 100cos(10t)  V. 
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28.  Consider the circuit below.  Given that C2 = 1 F, find C1,!R1, and R2  so that the transfer function is 

H(s) = ! 5
s+ 0.2
s+ 4

.   

(a)  Find the steady state response vout (t) = K cos(! t + " )  when vin (t) = 2sin(! t)u(t) . 
(b)  Now find the complete response to the input vin(t) = 2sin(! t)u(t)  and identify the transient 
and steady state parts, assuming no initial conditions are present.   
(c)  Verify that your answer to part (a) and your steady state answer in part (b) coincide. 

 

 
 
DUE WEEK 6, FRIDAY FEBRUARY 20 
 
29.  In order to test the boardwalk approach to qualitative frequency response calculation, you have 
decided to put your ProfessorÕs words to the test.   
(a)  You have designed the pole zero plot of a band reject filter, or so you think, according to the 
qualitative boardwalk suggestions of the ÒprofessorÓ.   

 
 
 (i)  In order to make the gain of the transfer function 1 for large frequency you must choose  K = 

? as in H(s) = K
(s! z1)!

(s! p1)!
 

 (ii)  Now using MATLAB you compute the frequency response (magnitude and phase) over the 
range 0 # ω # 20 rads/s.  What range of frequencies are rejected, approximately? 
 
30.  You also designed the following poles and zeros for a possible BP filter which has a second order 
zero at the origin. 
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 (i)  In order to make the gain of the transfer function1 for ω = 6 you must choose  K = ? as in 

H(s) = K
(s! z1)!

(s! p1)!
 

 (ii)  Now using MATLAB you compute the frequency response (magnitude and phase) over the 
range 0 # ω # 20 rads/s.   
 (iii)  Is the filter of the band pass type?  What range of frequencies are passed, approximately?  
What ranges of frequencies are rejected, approximately? 
 
31.   The circuit below with R = 1 !, C = 1 F and L = 2 H is a so-called third order Butterworth low pass 
characteristic.  The transfer function of the filter is 

 

H s( ) =
0.5

s
3
+ 2s2 + 2s +1

 

 
(a) Calculate the poles of H (s) .  Verify that their magnitude is 1 meaning that they lie on a 

circle of radius 1 in the complex plane. 
(b) Using MATLAB or equivalent, plot the frequency response for 0 # f # 1 Hz.   

 
w = 0:0.01:1; 
n = 0.5; 
d = [1 ????] 
h = freqs(n,d,w); 
plot(w/(2*pi), abs(h)) 
 

(c) If Km is chosen so that R = 10 !, find K f = (??)!  so that C = 15.915 mF.  What is the 

new value of L? The filter transfer function becomes 
 

H s( ) =
0.5

s

(??)!
"
#$

%
&'

3

+ 2
s

(??)!
"
#$

%
&'

2

+ 2
s

(??)!
"
#$

%
&'
+1
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Plot the new frequency response (magnitude and phase) for 0 ! f ! 1000!Hz.   
 
(d)  From your plots in part (c), determine approximately the magnitude and phase of the steady state 
output voltage when the input is: 
 (i)    10cos(20! t) , (ii)   10cos(200! t) , (iii) 10cos(1000! t) , (iv) 10cos(2000! t) ,  

(v)  10cos(5000!t)  
 
32.  (a)  For each of the function types indicated , determine the new pole locations, denoted pi ,new , the 

new zero locations, denoted zi,new , the new gain constant, denoted Knew , and the new ÒfunctionÓ after 

frequency scaling by K f = 1000 and magnitude scaling by Km = 10 . 

 (i)  Impedance:   Z(s) = K
s2

+ ! z
2

s" p1( ) s" p2( )
. 

 (ii)  Admittance:  Y(s) = K
s2

! 8s+ 32

s2 +16s+ 32
. 

 (iii)  Transfer function:  H(s) =
Vout

Vin
= K

s! z1( ) s! z2( )
s! p1( ) s! p2( ) s! p3( )

 . 

 
(b)  For each of the functions in part (a), (ii) and (iii), suppose the associated network is excited by a 
voltage source.  Find the impulse response before and after magnitude and frequency scaling for each 
function.  For part (a)-(iii) assume p1 = ! 4,!p2 = ! 16,!p3 = ! 6 z1 = z2 = !8 , and K =10 .  Suggestion:  
use the 'Residue" command in MATLAB and/or use 'ilaplace'. 
 
 


