Chapter 7, Problem 2
Find the time constant for the RC circuit below.
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Solution

 = RtC

where Rt is the Thevenin equivalent at the capacitor terminals

Rt = 120║80 + 12 = 60 
 = 60 x 0.5 x 10-3
=30 ms

Chapter 7, Problem 3.

Find the time constant of each of these circuits
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Solution

(a)
Rt = 10║10 = 5 k
 = RtC = 5 x 103 x 2 x 10-6 = 10 ms

(b)
Rt = 20║(5 + 25) + 8 = 20 
 = RtC = 20 x 0.3 = 6 s
Chapter 7, Problem 7
If v(0) = 20 V in the circuit below, find v(t) for t > 0
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Solution

We need to find Rt for the capacitor terminals. There is no independent source, and this would result in both VOC and ISC being zero, and Rt being indeterminate.
However, it does give us one point on the v-i characteristic, and tells us that Vt = 0

Therefore we take a possible situation, where v = 1 V

Then the voltage of the dependent source is 0.5 V.

Under these conditions, i10 = 0.1 A, and i8 = (1 – 0.5)/8 = 1/16 A

Total current flowing into the Thevenin circuit is 0.1 + 1/16 = (8 + 5)/80 = 13/80 A

Then Rt = 1/(13/80) = 80/13 
Then

 = RtC = (80/13) x 0.1 = 8/13 s

v(t) = 20 e-13t/8 V
Chapter 7, Problem 8
For the following simple circuit, if v = 10 e-4t V and i = 0.2 e-4t A, for t > 0

(a)
Find R and C

(b)
Find the time constant

(c)
Calculate the initial energy in the capacitor

(d)
Find the time it takes to dissipate 50% of the initial energy
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Solution

-i = Cdv/dt

-0.2 e-4t = C x 10 x (-4) e-4t
So

C = 5 x 10-3
 = RC = 0.25
0.25 = R x 5 x 10-3
R = 50 
Initial energy in capacitor is
½C v2 = 0.5 x 5 x 10-3 x (10)2
= 0.25 J

To reduce this to half its original value, we need v = 10/√2
This occurs when e-4t = 1/√2

t = 0.0866 s = 86.6 ms

Chapter 7, Problem 15
Find the time constants for each of these circuits
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Solution

(a)
Rt = 12 + 10//40 = 20 
 = L/Rt = 5/20 = 0.25 s

(b)
Rt = 8 + 40//160 = 40 
 = L/Rt = 20*10-3/40 = 0.5 ms

Chapter 7, Problem 19

Find i(t) for t > 0 if i(0) = 2 A, in the circuit below.
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Solution

Find the Thevenin equivalent circuit at the terminals of the inductor.

Since there are no independent sources in the circuit, the Thevenin voltage is zero.

The Thevenin resistance can be found by replacing the Inductor with a 1 V source and finding the current at the terminals.
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KVL
10 i1 – 1 + 40 i2 = 0
But

i = i2 + i/2

and 
i = i1
ie

i1 = 2 i2 = i

10 i – 1 + 20 i = 0

i = 1/30

Rt = 1/i = 30 
 = L/Rt = 6/30 = 0.2 s

i(t) = 2 e-5t A

Chapter 7, Problem 20
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In this circuit, v = 120 e-50t V

and


i = 30 e-50t A,

for t > 0

(a)
Find L and R

(b)
Determine the time constant

(c)
Calculate the initial energy in the inductor

(d)
What fraction of the initial energy is dissipated in 10 ms?

Solution

 = L/R = 1/50 = 0.02 s

So

R = 50 L

-v = Ldi/dt

-120 e-50t = L (30) (-50) e-50t
L = 0.08 H

R = 50 L = 4 
W = 0.5 Li2(0) = 0.5 x 0.08 x 302 = 36 J
Energy is dissipated with half the time constant, ie The fraction of energy remaining is e-2x10/50
 = e-0.4 = 0.67

The fraction of energy dissipated is 1 – 0.67 = 0.33 = 33%

Chapter 7, Problem 23
Consider the circuit below. Given that vo(0) = 2 V, find vo and vx for t > 0
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Solution

Since the 2  resistor, 1/3 H inductor and (3 + 1)  resistor are in parallel, they all have the same voltage. This is 2 V at t = 0

-i = 2/2 + 2/(3 + 1) = 1.5

i(0) = -1.5 A

At the inductor terminals, Rt is

Rt = 2//(3 + 1) = 4/3 
t = L/R = (1/3)/(4/3) = ¼ s

i(t) = i(0) e-t/ = -1.5 e-4t, 
for t > 0

a fraction 2/3 of this current flows through the 2  resistor, so the voltage across is it
vo = 2 x 2/3 x 1.5 e-4t = 2 e-4t
vx = 1/(3 + 1) vo = 0.5 e-4t V
for t > 0
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