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ECE-205 
Exam 1 

Fall 2012 
 

Calculators can only be used for simple calculations. Solving 
integrals, differential equations, systems of equations, etc. does not 
count as a simple calculation. 

You must show your work to receive credit. 

 

Problem 1       _________/15 

Problem 2       _________/15 

Problem 3       _________/10 

Problem 4       _________/15 

Problem 5       _________/15 

Problem 6-15  _________/30 

 

Total  _____________ 
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1) (15 points) Consider the circuit shown in the figure below which is initially at rest: 

 

 

a) Assume during charging ( 0 0.002t≤ < seconds) that the time constant 0.001τ = seconds,  
the static gain is 2K =  and the input is a step with amplitude 2A = volts. Determine the 
voltage on the capacitor at time 0.002t = seconds 

b) Assume during discharging ( 0.002t ≥ seconds) that the time constant 0.002τ = seconds. 
Determine the voltage on the capacitor at time 0.006t = seconds 

c)  Sketch the voltage on the capacitor from 0t = seconds to 0.010t =  seconds. The most 
important part of this graph is the shape of the curves (i.e., what does the voltage on the 
capacitor look like when it is charging compared to when it is discharging) 
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2) (15 points) For the following  differential equation, assume the input is ( ) 4 ( )x t u t=  (the input 
is equal to four for time greater than zero), and the initial conditions are (0) (0) 0y y= =  

( ) ( ) 32 3 ( )( )y t y t y tt x+ =+   

Determine the solution and put your final answer in a box. Be sure to use the initial conditions to 
solve for all unknowns. You must show all your work to receive credit. You cannot just use the 
answer to problem 5, though you can check your answer if you want. 
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3) (10 points) For the following first order differential equation,  

1 ( ) ( ) cos( ) ( )y t y t t x t
t

+ =  

determine an expression for the output assuming 0 0t =  and 0( ) (0) 0y t y= = . 
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4) (15 points) For the following two op-amps circuits, we can write ( ) ( )out inv t G v t= . Determine 
the value of G for each circuit.  
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5)  (15 points) The form of the under damped ( 0 1ζ< < ) solution to the second order 
differential equation  

2 2( ) 2 ( ) ( ) = K ( )n n ny t y t y t x tζω ω ω+ +   
for a step input ( ) ( )x t Au t=  is 

2
( ) 1 sin( )

1

nt

d
ey t KA t

ζω

ω φ
ζ

− 
= − + 

−  
 

where the damped frequency is 21d nω ω ζ= − , 2sin( ) 1φ ζ= − , and 
21tan( ) ζ

φ
ζ
−

=
 

 
a) Determine an expression for the maximum value of the output, which occurs at the time to 

peak, p
d

T π
ω

= . Hence you are to determine ( )py T . Note that sin( ) sin( )π φ φ+ = − . To receive 

credit you must simplify your answer as much as possible. 
 
b) Determine an expression for ( )y ∞ , the steady state value of the output. 
 
c) Determine an expression for the Percent Overshoot (PO) , defined as 

 

a) 
( ) ( )

100%
( )

py T y
PO

y
− ∞ 

= × ∞ 
 

To receive full credit you must simplify your answer as much as possible. 
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Problems 6-15, 3 points each, no partial credit (30 points) 
 
Problems 6 and 7 refer to the following circuit: 

 

 
6) The Thevenin resistance seen from the ports of the capacitor is

 a) th a bRR R= +    b) th cR R=    c) || ( )th c a bR RR R= +    d) th a b cR R R R= + +    e) none of these 

7) The static gain for the system is 

a) 1K =    b) c

a b c

R
R

K
R R+ +

=   c) a b

a b c

R R
R

K
R R
+

+ +
=    d) c

a b

R
R

K
R+

=    e) none of these 

Problems 8 and 9 refer to the following circuit 

 

8) The Thevenin resistance seen from the ports of the capacitor is 

a) th a bRR R= +    b) th cR R=    c) || ( )th c a bR RR R= +    d) th a b cR R R R= + +    e) none of these

  

9) The static gain for the system is 

a) 1K =    b) cK R=    c)  a bK RR= +    d) || ( )c a bK RR R= +     e) none of these 
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Problems 10 and 11 refer to the following circuit 

 

10) The Thevenin resistance seen from the ports of the inductor is 

a) ||th a b cR R R R= +    b) ||ath c bR R R R= +    c) th a bR R R= +    d) th a cR R R= +   e) none of these 

11) The static gain for the system is 

a) 1K =    b) b

a b

R
R

K
R+

=    c) 
a b

aR
R

K
R+

=    d) 
c b

bR
R

K
R+

=    e) none of these  
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Problems 12 and 13 refer the following graph showing the response of a second order system to 
a step input. 

 

12) The percent overshoot for this system is best estimated as 

a) 180%    b) 150 %     c) 100%       d) 80 %     e) 60%     f) 50%      

 

13) The static gain for this system is best estimated as          

 a)  1.8           b) 1.2            c) 1.00        d) 0.83          e) 0.5 
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Problems 14 and 15 refer the following graph showing the response of a second order system to 
a step input. 

  

14) The percent overshoot for this system is best estimated as 

a) 300%    b) -300 %     c) 200%       d) -200 %     e) 33%     f) -33%      

15) The static gain for this system is best estimated as          

 a)  -3           b) 3            c) 2.5          d) -2.5        e) 1.5        f) -1.5 
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