Chapter 8, Problem 20

The switch in this circuit has been closed for a long time, but is opened at t = 0. Determine i(t) for t > 0
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From ic’s we have

i(0) = 12/2 = 6 A

v(0) = 12 V

For t > 0, we have a series RLC circuit

KVL gives

½s i + 2 i + v = 0
and capacitor law gives

i = ¼ s v

eliminate v = 4i/s

½s2 i + 2s i + 4i = 0

s2 + 4s + 8 = 0

s1, s2 = (-4 ± √(16 – 32))/2 = -2 ± j2

v = A cos 2t e-2t + B sin 2t e-2t
ic gives

12 = A

Now

i = ¼ A(-2 sin 2t e-2t – 2 cos 2t e-2t)

+ ¼ B(2 cos 2t e-2t – 2 sin 2t e-2t)

= ½ (-A – B) sin 2t e-2t + ½ (-A + B) cos 2t e-2t
ic gives

6 = ½ (-A + B) = ½ (-12 + B)

B = 24

So

i = -18 sin 2t e-2t + 6 cos 2t e-2t
Chapter 8, Problem 25.
In the circuit below, the switch is a make-before-break switch. Calculate i0 and v0 for t > 0.
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Solution

At t = 0-, we have v0(0) = 30 x 8/(8 + 2) = 24 V

and current through the inductor is i(0) = 30/10 = 3 A
After the switch is closed, the circuit is a source-free parallel RLC circuit.

KCL gives

i + v/8 + 0.25 sv = 0

KVL gives

v = si

Eliminate i

v = s(-v/8 – 0.25 sv)
that is, the characteristic equation is

0.25 s2 + s/8 + 1 = 0

s2 + s/2 + 4 = 0

s1, s2 = (-1/2 ±√(1/4 – 16))/2

= -1/4 ± j 1.984

i(t) = e-4t(A sin 1.984t + B cos 1.984t)

and

v(t) = -4 e-4t(A sin 1.984t + B cos 1.984t) + 1.984 e-4t(A cos 1.984t – B sin 1.984t)
ic’s give
3 = B

and


24 = -4 B + 1.984 A

A = 18.145

i = e-4t(18.145 sin 1.984t + 3 cos 1.984t)

v = e-4t(76.5 sin 1.984 t + 24 cos 1.984t)
Chapter 8, Problem 26.
The step response of an RLC circuit is given by
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Given that i(0) = 2 and di(0)/dt = 4, solve for i(t)

Solution

The forcing function is DC. To find its value, set d/dt = 0

Then
i(FR)is given by 5i = 10, so i = 2 A

The characteristic equation is
s2 + 2s + 5 = 0

So s1, s2 = (-2 ±√(4 – 20))/2 = -1 ± j4

The NR is i(NR) = e-t(A cos 4t + B sin 4t)

di(NR)/dt = -e-t(A cos 4t + B sin 4t)

 + 4e-t(-A sin 4t + B cos 4t)

CR is NR + FR

i(t) = e-t(A cos 4t + B sin 4t) + 2

initial conditions give

2 = A + 2

so A = 0

4 = 4B

B = 1

So i = e-t sin 4t + 2

Chapter 8, Problem 31.

Find vL(0) and vC(0) in this circuit
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Solution

For t = 0-, the current source is O/C, the inductor is S/C and the capacitor is O/C.

A current equal to 50/(40 + 10) = 1 A flows down through the inductor and vC(0) = 40 V

At t = 0+, the inductor still carries 1 A down, so a current equal to 1 A flows through the 40  resistor, by KCL.

vC(0) must remain unchanged at 40 V. Thus the voltage across the inductor is vL(0+) = vC(0+) + 40 * 1 = 40 + 40 = 80 V

Chapter 8, Problem 45

In the circuit below, find v(t) and i(t) for t > 0. Assume that v(0) = 0 V and i(0) = 1 A
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Solution

KCL
v/2 + 0.5 sv + i = 4

KVL
v = si

eliminate v

si/2 + 0.5 s2i + i = 4
The forced response (FR) is i(FR) = 4

Characteristic equation is 

s2 + s + 2 = 0

s1, s2 = (-1 ± √(1-8))/2 = -0.5 ± j1.323

CR is i = 4 + e-0.5t(A cos 1.323t + B sin 1.323t)

v = -0.5 e-0.5t(A cos 1.323t + B sin 1.323t)

+1.323 e-0.5t(-A sin 1.323 t + B cos 1.323 t)

initial conditions give

1 = 4 + A


so A = -3

0 = -0.5 A + 1.323 B
so B = -1.134
i(t) = 4 - e-0.5t(3 cos 1.323t + 1.134 sin 1.323t)

v(t) = 4.536 e-0.5t sin 1.323
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