08-12-2012

ECE 233 Midterm
Q-1- a) Find the second order differential equation governing the state variable IL(t) for the circuit below! The circuit elements are as follows: R1=1Ω, R2=1Ω, R3=1Ω C=1 Farad, L=1 Henry. (35 point)
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b) Find the characteristic equation of the circuit, the natural frequencies and homogeneous solution of IL(t) (this solution will have a parametric structure). (3 points)
Q-2- The characteristic equation of a circuit is given by the formula s2+As+B=0 where A≥0 and B>0. 
a) If this circuit is in over-damped case, what is/are the mathematical relation(s) between A and B? (1 point)
b) If this circuit is in critically-damped case, what is/are the mathematical relation(s) between A and B? (1 point)
c) If this circuit is in under-damped case, what is/are the mathematical relation(s) between A and B? (1 point)
d) If this circuit is in oscillatory (purely-sinusoidal) case, what is/are the mathematical relation(s) between A and B? (1 point)
Q-3- For the purely resistive circuit below find the node voltage values A and B  as functions of the circuit parameters R1, R2, R3, M, K, Vs. (18 points)
Hint: In this circuit Vs is an independent voltage source, Vx is a current dependent voltage source and Ix is a voltage dependent current source. Vx=MI1 where I1 is the current over R1 and Ix=KV2 where V2 is the Voltage over R2.
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Q-4- The voltage over the linear and time invariant inductor in Figure 1 is described by the function in Figure 2.
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                 Figure 1: Inductor.                         Figure 2: Inductor voltage as a function of time.
The function in Figure 2 can also be described as,
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The inductance value of the inductor is L=1 Henry. The initial current over the inductor is IL(0)=0 Amper.

a) Find IL(t) when t≥0 seconds (10 points)

b) Find the instantaneous power over the inductor PL(t) (in Watts) when t≥0 seconds. (3 points)
c) Find the energy stored in the inductor EL(t) (in Joules) when t≥0 seconds. (2 points)
Q-5- Draw k(t)=u(t)+u(t-1)-r(t-1)+r(t-3) where u(t) is the unit-step function and r(t) is the unit-ramp function. (5 points)
Q-6- The differential equation governing a state variable of a second order circuit is given by the formula 
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Find x(t) when t>0. The initial conditions for the state variable x(t) are 
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Hint: The solution of the differential equation will be composed of addition of two components xp(t) and xh(t). xp(t) is the particular solution and xh(t) is the homogeneous solution. The particular solution xp(t) will be 
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The parameters of A and B are determined by inserting the particular solution in the given differential equation
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