
EE202 HOMEWORK PROBLEMS   SPRING 09 
 
RAYÕS READING SUGGESTIONS FOR BROADENING YOUR EDUCATIONAL FOUNDATION  
 
ON HISTORY   
 
His Excellency:  George Washington  by Joseph J. Ellis  (George was a vain man, but believed that 
people and nations do things that are in their best interest and are true to treaties and the like, only in so 
far as it is in the best interest of both groups.) 
 
Bound to Canaan  by  Fergus Bordewich (An excellent rendition of the origins of the underground 
railroad and the people who used it and the heros and heroines who became its conductors.)   
 
ON PHILOSOPHY  
 
Nonviolence: 25 Lessons from the History of a Dangerous Idea by Mark Kurlansky  (Did you know that 
no language in the world has a word for ÒnonviolenceÓ that is not a negation of violence?) 
 
Plato and a Platypus Walk into a Bar:  Understanding Philosophy through Jokes  by  Thomas Cathcart 
and Daniel Klein.  (Great!) 
 
On Bullshit  by Harry G. Frankfurt (Professor of Philosophy Emeritus at Princeton University)Ñ
(Someone who tells a lie knows the truth and deliberately ignores it.  BS is so insidious because it 
marginalizes, makes irrelevant both the truth and the lieÑ making no distinction.) 
 
SUPPLEMENTAL PROBLEMS NOT TO BE TURNED IN:  
 
1.  Consider the RLC circuit shown below.   

(a) Find Leq, Yin(s) and Zin(s).   
(b) Find the poles and zeros of Zin(s).  Find the impulse response. 

(c) Find the zero-input response if vC(0-) = 10 V with all other initial conditions zero.   

(d) Find the zero-state response if iin (t) = cos(100t)u(t)  A. 
(e) Find the complete response of the circuit. 
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ANSWERS:    Leq = 0.1 H, Zin (s) =
5000s

(s +100)2 + (200)2
, 5000*exp(-100*t)*cos(200*t)-2500*exp(-

100*t)*sin(200*t), vout (t) = e! 100t 10cos(200t) ! 5sin(200t)( )u(t)  V, 
 -5*exp(-100*t)*cos(200*t)+55/2*exp(-100*t)*sin(200*t)+5*cos(100*t)-10*sin(100*t), 
Sum of prior answers 
 
2.  Figure 2 below shows the two ways to connect a pair of coupled inductors in parallel.  For each case, 

find Leq. 

 
(a)     (b) 

Figure 2 
SOLUTION M ETHOD:  Step 1:  Label the currents and voltages on each circuit:  V1,!V2,!I1,!I2,!Vin,!I in . 
Step 2:  Write the matrix equation for coupled inductors in the s-domain.  Step 3:  Invert the matrix 
equation to obtain the currents in terms of the voltages.  Step 4:  Apply KVL and KCL, simplify, and 

produce the impedance Zin(s) =
Vin(s)
I in(s)

.  Step 5:  Identify 
 
Leq =

L1L2 ! M 2

L1 + L2 ! 2M
.  

 
QUOTES FOR YOUR PARENTS PARTIES:   
 
ÒGood leaders take at least a little more than their share of blame, and a lot less than their share of 
credit.Ó  --Bits and Pieces, June 1983 
 
ÒFear less, hope more; eat less, chew more; whine less, breath more; talk less, say more; hate less, love 
more; and all good things are yours.Ó  -- Swedish Proverb (Bits and Pieces, June 1983) 
 
ÒThe years teach much which the days never know.Ó  --Emerson 
 
ÒShow me a thoroughly satisfied man and I will show you a failute.Ó  --Thomas Alva Edison 
 
ÒGood supervision is the art of getting average people to do superior work.Ó   

--Bits and Pieces, February 1984. 
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DUE FRIDAY APRIL 10 
 
61.  Find the impedance or input impedance, Z(s) , the resonant frequency ! r  (associated with that 
impedance, if it exists, i.e., is real), and Z( j! r )  of each of the circuits below.   
(a)  Suppose L1 = 10 mH, L2 = 12 mH, M = 6  mH, R= 10 !, and C = 22.5 mF. 
 

 
 
(b)  L1 = 0.75  H, L2 = 1.5 H, M = 1 H, R= 5 !, and C = 0.01 F. 
 

  
 
(c)  L1 = 1.5 mH, L2 = 3 mH, M = 2  mH, R= 10 !, and C = 0.01 mF. 
 

 
 
(d)  Let L1 = 2 H, L2 = M = 1 H, and R=1 ".  Hint:  loop analysis in conjunction with the s-domain 
coupled inductor relationships.  (There is no resonant frequency hereÑ so ignore that part of the 
problem.) 

 

 

 
 
62.  For each of the circuits below, compute the response as indicated on the circuit or as indicated by 
the problem statement.  
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(a)  If L1 = L2 = 0.25  H, M = 0.125  H, and R= 4  ", compute the transfer function 

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

 and the impulse response.   

 

 
 

(b)  Find the transfer function H (s) =
V2(s)
Vin (s)

 and the response, v2(t) , assuming zero initial 

conditions if vin(t) = 30u(t)  V, R= 600  ", L1 = 0.3 H, L2 = 7.5 H, and M = 0.15 H.   
 

 
 
(c)  Suppose iin(t) = 10! (t) , L3 = 1.3 H, L1 = 2.5 H, L2 = 3 H, M = 2  H, L4 = 1 H, and C = 5  mF.  

Compute vout (t)  assuming all initial conditions are zero.  Hint:  recall 
 
Leq =

L1L2 ! M 2

L1 + L2 ! 2M
. 

 

 
 

(d) If Rs = RL = 20" and L1 = L2 = 0.4  H and M = 0.2 H, find the transfer function H (s) =
Vout (s)
Vin(s)

 

and the impulse response, i.e., find vout (t)  if vin(t) = ! (t) . 
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63.  For the circuit shown below suppose Rs = 20 ", L1 = 0.3 H, L2 = 0.2 H, M = 0.2 H, and C = 1 

mF, find: 
(a) the equivalent inductance, Leq , of the coupled coils;  

(b) the transfer function H(s) of the circuit,  
(c) the step response-use ÒilaplaceÓ;  
(d) the resonant frequency of the circuit; and  
(e) the bandwidth, B! , the circuit Q, the half power frequencies, !1 <!2, and the maximum value of 

the transfer function,  Hm. 
(f)  Determine the frequency scale factor, K f , and new component values so that the new resonant 

frequency is 2000 Hz.   

 
 
 
64.  Consider the RLC circuit shown below.   

(a) Find Leq , Yin(s)  and Zin(s) .   

(b) Find the poles and zeros of Zin(s) .  Find the impulse response. 

(c) Find the zero-input response if vC(0! ) = 10 V with all other initial conditions zero.   
(d) Find the zero-state response if iin(t) = cos(100t)u(t)  A. 
(e) Find the complete response of the circuit. 

 

 
 
 
SUPPLEMENTAL PROBLEM NOT TO BE TURNED IN .  Suppose that iin(t) = 3 20cos(t)u(t)  and the 

initial stored energy is zero in the circuit shown below.  

(a) Compute the transfer function, H(s) =
V2(s)
I in(s)

, using the symbolic toolbox in MATLAB as 

follows:   
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(i) Write down on paper the mutual inductance equations in s, a set of two equations in 
V1,!V2,!I1,!I2 .  Rewrite each equation in the form:  0 = ?!V1 + ?! I1 + ?!V2 + ?! I2 . 
(ii)  Use KCL and Ohm's law to write an input relationship of the form: 
?! I in = ?! V1 + ?! I1 . 
(iii)  Similarly construct a terminal constraint equation of the form:  0 = ?! V2 + ?! I2 . 
(iv)  Write the above 4 equations in matrix form, Ax = b . 
(v)  Use MATLAB as follows: 

syms s Iin A b Y H 
A = "Coefficient Matrix in part 4" 
%  Y is the coefficient matrix A with the column corresponding to V2  replaced by the %  
vector b with I in(s)  set to 1. 
Y = ÉÉ.  
H = det(Y)/det(A) 
simple(H) 

Check:  H (s) =
!3s

(s +1)(s + 3)
. 

 
(b) Find the impulse response, h(t) , again using the symbolic tool box in MATLAB: 
 syms t h 
 h = ilaplace(H) 
  
(c) Using the residue command or "ilaplace", show that the zero-state response, v2(t) , is 
 

v2(t) = 18.112e! 3t
u(t) ! 10.06e! t

u(t) + 9cos(t ! 153.4o )u(t)  
 
(d)  Identify the steady state and transient responses in (c). 
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DUE WEDNESDAY APRIL 15 
 
65.  In the circuit below, the coupling coefficient k has been adjusted so that the exact resonant 
frequency is ! = 100 rad/sec given that C = 0.7 mF, R= 2 ", L1 = L2 = 0.2  H. 

(a) Find the equivalent inductance, Leq , of the coupled inductors, the mutual inductance M, 

and the coupling coefficient k.   

(b) Construct H(s) =
Vout (s)
Vin(s)

 and determine its poles and zeros. 

(c) Find the circuit Q. 

(d) Find the exact 3-dB bandwidth (in Hz). 

(e) Find the approximate value of the maximum voltage gain and the corresponding 

frequency (in Hz). 

(f) Find the approximate values of the upper and lower half-power frequencies (in Hz).  

What are the percent errors of the estimates? 

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

 

 
 
66.  Find the indicated quantity or indicated parameter for each of the circuit configurations below. 
 (a)  Given that C1 = 0.1 F, C2 = 0.001 F, R= 2 ", find the turns ratio "a" so that the impulse 

response is vout (t) = 2.5e
! 2.5t

u(t) .   
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 (b)  If R1 = 25 ", R2 = 50 ", and RL = 2 ", find the values of the turns ratio, n, for maximum 
power transfer if (i) the load is to the right of A-B, and (ii) the load is to the right of C-D. 
 

 
 

 (c)  Find the s-domain Thevenin equivalent in terms of a and R. 

 
 
67.  In the circuit below, L1 = 0.8!H,!L2 =!0.45!H,!M = 0.175!H,!Rs = R=12!! .  If 

vs(t) = 30cos(10t)  V, find the maximum instantaneous steady state power delivered to R when 
(a) a dot is in position A, and 
(b) a dot is in position B. 

  
 
68. In the audio amplifier circuit shown below, both transformers are ideal, Rs = 25 ", R1 = 1.6 k", 

R2 = 200 ", RL = 4  ", and vs(t) = 0.1 2 cos(! t)  V.  The resistor RL  represents a loud speaker 
load. 
(a) Find the turns ratios a  and b  such that the average power delivered to the loud speaker is as 

large as possible.  What is the maximum power delivered? 
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(b) The turns ratios are those determined in part (a) for maximum power transfer.  Now suppose 
that a loud speaker with 16 " resistance is used in place of the 4-" speaker.  What is the 
power consumed by the 16-" speaker? 

 

 
 
 
DUE WEDNESDAY APRIL 22 
 
69.  In the circuit below, the coupling coefficient k has been adjusted for the circuit to be resonant at !  = 

10 rad/sec.  Rs = 0.1 !, L1 = 2 H and L2 =1  H while C = 20 mF. 
(a) Find k. 

(b) Construct the transfer function H (s) =
Vout (s)
Vin (s)

 and then determine its poles and zeros.  Hint:  

use T-equivalent for the coupled coils to simplify calculations. 
(c) To obtain a sense of the circuit behavior, obtain a magnitude frequency response (using 

MATLAB) of the circuit for 1 rad/s # !  # 20 rad/s.  Observe the BP characteristic behavior.   
(d) To obtain approximate values of for ! m, B! , Q, Hm, and ! 1,2 , factor H (s) = H1(s)H2(s)  

where H1(s) =
10

s+ 0.05
.  Note that H1( j10) ! 1  so that the 2nd order characteristic of 

H2(s)  approximately characterizes the BP behavior.   
 

Check: (d) B!  " 0.05 rad/s 

 
 

70.  Let i(t) = 2 2 cos(100t + 35o)  A in the circuit below.  Find the maximum instantaneous stored 
energy. 
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71.  In the circuit below, Rs = 0.2 ", and b =10 .   
(a)  Compute transfer function.  Note there are no finite zeros.  Find pole locations of the transfer 

function.  From the pole locations determine the type of (impulse/step) response (critically 
damped, overdamped, or underdamped). 

(b)  Compute the impulse and step responses. 
(c)  Find ! p  and Qp .  Is Qp  high?  If high Qp , find approximate values for !m , B! , and the half 

power frequencies ! 1,2 .  Recall equations 17.47, Qp !
" p

2# p
 .  Plot the magnitude response of the 

transfer function to verify your answers. 
 

 
 
72.  Consider the circuit below.  

(a)  Find the Thevenin equivalent circuit using the method of matrix partitioning. 

(b)  If the circuit is terminated in a 12 " resistor, find vout (t)  for t $ 0 assuming the initial inductor 

current is zero. 
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