
EE202 HOMEWORK PROBLEMS (S ET 4) SPRING 09 
 
QUOTES FOR YOUR PARENT'S PARTIES:    
 

Henry Kissinger (1923 - ) 
Realism...has no more to do with reality than anything else. 
Ninety percent of the politicians give the other ten percent a bad reputation. 
 
Pablo Picasso (1881 - 1973) 
Reality is that which, when you stop believing in it, doesn't go away. 
 
Lily Tomlin (1939 - ) 
Reality is something you rise above. 
 
Hawkin's Theory of Progress: Progress does not consist of replacing a theory that is wrong with one 
that is right.  It consists of replacing a theory that is wrong with one that is more subtly wrong. 
 

 
POEMS FOR THE LIBERAL PART OF YOUR EDUCATION 
 
Part 1—Nerd Poetry 
 

A dozen, a gross, and a score 
Plus three times the square root of four 
     Divided by seven 
     Plus five times eleven 
Is nine squared, not a bit more. 

 
 

Integral t-squared dt 
From one to the cube root of three 
     Times the cosine 
     Of three pi over nine 
Is the log of the cube root of e. 

 
Part 2Ñ Famous Poetry 

THERE IS NO FRIGATE LIKE A BOOK 
 

There is no frigate like a book 
To take us lands away 

Nor any coursers like a page 
Of Prancing poetry. 

This traverse may the poorest take 
Without oppress or toll; 

How frugal is the chariot 
That bears the human soul! 

  --Emily Dickinson (1830-1886) 



 page 2 Spring 09 

 2
 

THE RICH MAN 
 
The rich man has his motor-car, 
His country and his town estate. 
He smokes a fifty-cent cigar 
And jeers at Fate. 
 
He frivols through the livelong day, 
He knows not Poverty her pinch. 
His lot seems light, his heart seems gay, 
He has a cinch. 
 
Yet though my lamp burns low and dim, 
Though I must slave for livelihood— 
Think you that I would change with him? 
You bet I would! 
  --Franklin P. Adams (1882-1960) 
 
DUE WEDNESDAY FEBRUARY 25 
 
33-34.  After much trial and tribulation and despite the efforts of the lab TA to sabotage your entire 
experiment, you managed to use a Veni-Vidi-Vici J. Ceasar-tronix Vector Voltmeter to measure the 
impulse response of an RLC circuit, as graphed below, in your 2008 Circuitous Laboratory,  i.e., you 

measured  h(t) = Me! at cos(" t ! # )u(t)  volts, for the RLC circuit also shown below. 

(a)  Given that 
  
L M cos(! t " # )u(t){ } = M

cos(# )s + ! sin(# )

s
2
+ ! 2

, use the appropriate Lapalce transform 

property (table 13.2) to obtain the Laplace transform of   h(t) = Me
!at cos("t !# )u(t) .   

 
 

 
 

(b)  Determine M ,!! ,  and !  from the graph of the impulse response.   CHECKS:  M > 41.0275, 
2 ! a ! 2.75  and 8.5!" !10.5 rad/s.  To aid your computations the following table of values is 
provided.  There is more data than necessary.  Your objective is to use the data that allows you to obtain 
answers as quickly and as easily as possible.  For example, you might try to find !  first.  How? 
 
t 0 0.141187 0.2738 0.455347 0.587565 
h(t) 41.0275 0 Ð20.3319 0 9.27 
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(c)  Using part (a), compute the transfer function H (s)  and then compute its poles and zeros and 
construct the pole zero plot.   If they are not conjugate complex poles in the left half complex plane, start 
over.   
(d) Show that the circuit transfer function has the form 

Hcir (s) =
1

Yin(s)
=

1
C
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s2 +
1

R1C
+

R2
L

!

"#
$

%&
s+ 1+
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Next, if R1 =10  Ω, compute the values of R2 , L, and C, that match the measured transfer function to 
the extent possible.  Note, it is a necessary constraint that the denominator be matched exactly.   
(e)  Compute the step response of the circuit/transfer function and identify the transient and steady state 
parts. 
(f)  If vC(0! ) = 10  V and iL (0! ) = 0  compute the zero-input response.  Can you use the transfer 
function computed earlier? 
(g)  In order to make up a trick question on a forthcoming exam, your professor decides to change the 
frequency of oscillation from your answer to part (b) to 20π and to double all impedance levels.  
Determine the new values of R1,!R2 , L, and C, and then determine the new transfer function. 
 

 
35.  The impulse response of a circuit is approximately measured by the figure below: 
 

 
 
 
Compute and plot on graph paper the (approximate) circuit response for all time, yi (t) = hi (t) * f (t) , if 

the input is  
 (a)  

  
f1(t) = ! (t " 2)  

 (b) 
  
f2(t) = 2! (t " 2) " ! (t " 4)  

 (c) 
  
f3(t) = 2u(t) .  Hint:  express h(t)  as a sum of scaled/shifted step functions; then use the result 

that u(t) * u(t) = r(t)  along with the time shift property of convolution to obtain the answer 
without doing any non-trivial calculations.   

 
36.  The input to a circuit is given by  f (t) = Keatu(! t),  t < 0, a > 0 . 
Compute the circuit response for all time, yi (t) = hi (t) * f (t) , if the circuit transfer function is: 

 (a)  
  
H1(s) = Ke! 2s  

 (b) 
  
H2(s) =

K

s
 

 (c) 
  
H3(t) =

K
s+ a

1! e!2ae!2s"
#$

%
&'

 

 
 

LAWS OF COMPUTER PROGRAMMING: I. Any given program, when running, is obsolete. 
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LAWS OF COMPUTER PROGRAMMING: II. If a program is useful, it will have to be changed. 
LAWS OF COMPUTER PROGRAMMING: III. If a program is useless, it will have to be 
documented. 
LAWS OF COMPUTER PROGRAMMING: V. Any program will expand to fill available 
memory. 

 
 
DUE MONDAY MARCH 2 
 
37.  (Graphical Convolution) Solve this problem using graphical convolution:  compute 

  
y(t) = f1(t +1) * f2(t)  

 

2

2

f1(t)

-2
 

f  (t)2

1

1 t2  
 
38.  (Use the easiest means to solve this problem.)  The transfer function of a series RC circuit is 

H(s) =
10

s+10
.  Find the zero-state response to the input f1(t)  given in problem 37.   

 
39.  (Convolution Algebra)  Express the integral of h1(t) = f1(t ! 1)  in terms of ramp functions.  

Express the derivative of h2(t) = f2(t +1)  in terms of delta functions.  Use the convolution algebra 
technique and only the convolution algebra technique to compute the convolution f3 = h1 * h2 .  
Plot your resulting function on graph paper or in MATLAB.   

 

 
 
40.  Problem 16.46 page 687 of text.  Use Convolution Algebra and only convolution algebra.  No credit 
otherwise.  Hint:  What is the double integral of h(t) = cos(????)u(t)?  What is the second derivative of 
the input function?   Be sure to plot your result using MATLAB. 
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Check:  vout (t) = K 1! cos(???)[ ] " u(t) ! !??????!!+!!?????!!! u(t ! 6# )[ ] , K  is a constant. 
 

 
 
DUE MONDAY MARCH 9 
 
41.  Consider the circuit below for which Rs = 40 k!, RL = 10 k!, L = 10 mH, and C = 1 µF.  

(a) Find the exact value of the maximum voltage gain and the corresponding frequency (in 

Hz). 

(b) Find the exact 3-dB bandwidth B!  (in Hz). 

(c) Find the circuit Q. 

(d) Find approximate values of the upper !2  and lower half-power !1 frequencies (in Hz).   

(e) Use MATLAB  or equivalent to plot |H(j! )| vs. ! . 

(f) What is the new bandwidth if the input is changed from Vin to an independent current 

source Iin? 

(g) If  the circuit is frequency scaled by K f = 10, find the new values of B! , !2 , and ! 1 . 

 

 

 

CHECK:  (a) 0.20 at 1,591 Hz. 

 
42. For the circuit below: 

(a) Find the transfer function H(s) =
I L (s)
Vs(s)

. 

(b) Find ! m, Hm, B! , and Q. 

(c) Now suppose an fm = 200 Hz and a Bf =20 Hz is desired.  One has available a 1 H 
inductor, a 10 µF capacitor, and arbitrary resistors.   

 (i)  Determine the necessary value of " .   
 (ii)  Determine the value of Rs. 
 

CHECK: (b)  ! m =
" +1
LC

. 
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43.  For this problem consider the circuit below in which L = 300 µH.  The following additional ideal 

components are available: 

Variable capacitors (in pF):  20-200, 30-200, 30-300, 40-400. 

Resistors:  all values. 

 (a) Using these components, design a parallel resonant circuit such that: 

(1) The circuit can be tuned from 550 to 1,650 kHz (standard AM broadcast band). 

(2) When the circuit is tuned to 920 kHz (WBAA, Purdue), the bandwidth is 20 kHz. 

(b) With the components as selected in part (a), find the bandwidth when the circuit is tuned 

to the low end and the high end of the AM broadcast band? 

 

 

 

 

44. For the series resonant circuit shown in the figure below, R1 = 80 !, L = 0.25 H, C = 0.5 µF, and 

R2 = 320 !.  

(a) Show that the transfer function is 
 

  

H(s) =
Vout (s)

Vin(s)
=

R2
L

s

s2
+

R1 + R2
L

s+
1

LC

 

 
(b) Find the exact value of the maximum voltage gain and the corresponding peak 

frequency (in Hz); 
(c) Find the exact 3 dB bandwidth (in Hz). 
(d) Find the exact values of the upper and lower half-power frequencies. 
(e) Find Q of the circuit. 
(f) Plot the magnitude response using MATLAB  or equivalent.   
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Check:  B!  = 3200 rad/s. 

 
 

DUE MONDAY MARCH 23 
 

45. Consider the RLC circuits in the figure below in which Rp = 3750 !, L = 0.01 mH, Rs = 4 !, C 
= 1 nF. 

(a) Find the coil Q at 
  
! 0 =

1

LC
.   

(b)  Find an approximate parallel representation of the coil near 
 
! 0 .    

(c)  Find the circuit Q. 
(d)  If the circuit is high Q, compute approximate values for Hm, Bw ,  ! m, ! 1, and ! 2. 

(d)  Suppose 
  
iin(t) = 2cos(! mt)  A.  Find, approximately, 

  
v

out
(t)  (in volts) in steady state. 

 
Check:  Q = 15. 

 

 
 

46. Consider the circuit of the figure below.  Suppose L = 5 mH, C = 12.5 µF, QL = 20, and QC = 80. 
 (a)  Find Rs and Rp. 
  (b)  Convert the capacitor to a series model at ! 0 .  Denote the resulting series resistance by 

Rseries.   
(c)  Find the approximate circuit Q. 
(d)  If the circuit is high Q, compute approximate values for Hm, Bw,  ! m , ! 1 , and ! 2 . 

(e)  Verify that the 

 

Qcir !

QcoilQcap

Qcoil + Qcap
. 
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Check:  Qcir = 16. 
 

 
47.  For each circuit in the figure below, 

(a)  Find the resonant frequency, ! r , in terms of R1, R2, L, and C.  Verify that !r =!0.  (This 

always follows when L and C are either in parallel or series.) 

(b)  Now find the input impedance at ! r in terms of R1, R2, L, and C.  Verify that the input 

impedance is independent of L and C at ! r .  (Again, this always follows when L and C are either 

in parallel or series.) 

(c)  In the case of figure a, find vout(t)  in steady state in terms of R1, R2, and Vm if 

vin(t) =Vmsin(! r t) .  In the case of figure b, find i
out
(t)  in steady state if i

in
(t) = I

m
sin(!

r
t) . 

 

 

(a) 

 
(b) 

 

48.  For the circuit of the figure below, R = 800 !, L = 0.02 H, C = 0.0125 µF.  For the two cases (i) 
RL = 1 k! and (ii)  RL = 800 !, find !r  and at resonance, find vC(t), the voltage across the 
capacitor in the steady state, due to the input iin(t) = 10cos(! rt) mA.  Finally, find the average 
power delivered to RL  in each case. 
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