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Chapter 7 
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AP 7.1The switch in the circuit shown has been closed
for a long time and is opened at t = 0.
a) Calculate the initial value of i.
b) Calculate the initial energy stored in the inductor.
c) What is the time constant of the circuit for t > 0?
d) What is the numerical expression for i(t) for t > 0?
e) What percentage of the initial energy stored
     has been dissipated in the 2 Ω resistor 5 ms
     after the switch has been opened? L 8mH:= R 2Ω:=

a)  Thevenin eq. circuit for source has Vth
30
33

120⋅ V 109.091 V=:= Rth 30 || 3 6+( )Ω 8.727Ω=:=

so initial current is given by i0
Vth
Rth

12.5 A=:= b) w0
1
2

L i0
2⋅ 625 mJ⋅=:=

mJ 10 3− J≡
c) τ

L
R

4 ms⋅=:= d) i t( ) i0− e

t−
τ⋅:=

i t( ) 12.5− A⋅ e

250.0 t⋅
s

−
⋅→

0 0.015

15−

10−

5−
i t( )

t

w5
1
2

L i 5ms( )2⋅ 51.303 mJ⋅=:=

e) energy dissipated at 5ms: 

1
w5
w0

− 91.8 %⋅=



AP 7.2 At t = 0, the switch in the circuit shown moves
instantaneously from position a to position b.
a) Calculate vo for t > 0+.
b) What percentage of the initial energy stored
    in the inductor is eventually dissipated in
    the 4 Ω, resistor?

R 16 || 4( )Ω 3.2Ω=:= L 0.32H:= τ
L
R

0.1 s=:=
a) 

i0 6.4A
10 || 6( )

6
⋅ 4 A=:= iL t( ) i0 e

t−
τ⋅:= vo t( ) iL t( )− R⋅

10Ω
16Ω

⋅:=

fix
V

A Ω⋅
:=

vo t( ) 8.0− A⋅ Ω⋅ e

10.0 t⋅
s

−
⋅→ for t 0s≥

b) 16Ω
16Ω 4Ω+

80 %⋅=



AP 7.3 The switch in the circuit shown has been closed
for a long time and is opened at t = 0. Find
a) the initial value of v(t),
b) the time constant for t > 0,
c) the numerical expression for v(t) after the
switch has been opened,
d) the initial energy stored in the capacitor, and
e) the length of time required to dissipate 75%
    of the initially stored energy.

R 50kΩ:= C1 0.4μF:=

a) v0
50
70

70 || 80( )⋅ kΩ 7.5⋅ mA 200 V=:=

b) τ R C1⋅ 0.02 s=:=

c) v t( ) v0 e

t−
τ⋅:= v t( ) 200 V⋅ e

50.0 t⋅
s

−
⋅→

d) w0
1
2

C1 v0
2⋅ 8 mJ⋅=:=

e) t75 ln 25%( )− τ⋅ 13.86 ms⋅=:= w75
1
2

C1⋅ v t75( )2⋅ 2 mJ⋅=:=



AP 7.4 The switch in the circuit shown has been closed
for a long time before being opened at t = 0.
a) Find vo(t) for t > 0.
b) What percentage of the initial energy stored
    in the circuit has been dissipated after the
    switch has been open for 60 ms?

a) 
v1

20
15 20+ 40+

15⋅ V 4 V=:= v2
40

15 20+ 40+
15⋅ V 8 V=:=

τ1 20kΩ 5⋅ μF 0.1 s=:= τ2 40kΩ 1⋅ μF 0.04 s=:=

v t( ) v1 e

t−
τ1⋅ v2 e

t−
τ2⋅+:= v t( ) 8 V⋅ e

25.0 t⋅
s

−
⋅ 4 V⋅ e

10.0 t⋅
s

−
⋅+→

0 0.1 0.2 0.3 0.4

5

10

v t( )

60ms

t

b) 
w0

1
2

5μF v1
2⋅

1
2

1⋅ μF v2
2⋅+ 72 μJ⋅=:=

w60
1
2

5μF v1 e

60− ms
τ1⋅







2

⋅
1
2

1⋅ μF v2 e

60− ms
τ2⋅







2

⋅+:=

μJ 10 6− J≡
w60 13.641 μJ⋅=

1
w60
w0

− 81.05 %⋅=



AP 7.5 Assume that the switch in the circuit shown in
Fig. 7.19 has been in position b for a long time,
and at t = 0 it moves to position a. Find
(a) i(0+); (b) v(0+); (c) τ, t > 0; (d) i(t), t > 0;
and (e) v(t), t > 0+.

i0
24V
2Ω

12 A=:= if 8− A:=a) 

b) v0 i0 8A+( )− 10⋅ Ω 200− V=:=

c) τ
200mH

10Ω
20 ms⋅=:=

1
τ

50
1
s

=

d) i t( ) i0 if−( )e
t−
τ if+:= i t( ) 20e

50− t
s 8−







 A⋅:=

0 0.04 0.08

10−
5−

5
10
15

i t( )

t

e) v t( ) 200mH
t
i t( )d

d








:=

v t( )
200000 A⋅ mH⋅ e

50 t⋅
s

−
⋅

s
−→ = 200− e

50−
t
sV

A mH⋅
s

1 10 3−× V=



AP 7.6 a) Find the expression for the voltage across
    the 160 kΩ resistor in the circuit shown in
    Fig. 7.22. Let this voltage be denoted vA, and
    assume that the reference polarity for the
    voltage is positive at the upper terminal of
    the 160 kΩ resistor.
b) Specify the interval of time for which the
     expression obtained in (a) is valid.

a) vA0 75− V
160
200

⋅ 60− V=:=

vo0 40V
60
80

⋅ 30 V=:= using superposition, short out the 75V supply, leaving 

R 8 40 || 160+( )kΩ 40 kΩ⋅=:= so τ R 0.25⋅ μF 0.01 s=:=

vo t( ) vo0 vA0−( )e
t−
τ vA0+:= vo t( ) 90 V⋅ e

100.0 t⋅
s

−
⋅ 60 V⋅−→

vA t( ) vo0 vA0−( ) e

t−
τ⋅

160 || 40( )
160 || 40( ) 8+

⋅ vA0+:= vA t( ) 72 V⋅ e

100.0 t⋅
s

−
⋅ 60 V⋅−→

b)   for t > 0 



AP 7.7 vc0
25

25 60+ 40+
10⋅ mA 40⋅ kΩ 80 V=:=

1
25kΩ 1⋅ μF

40
1
s

=
1

25 || 100( )kΩ 1⋅ μF
50

1
s

=

vc t( ) vc0 t 0<if

vc0 e

40− t
s⋅ 0 t≤ 10ms≤if

53.626e

50− t 10ms−( )
s V otherwise

:=

a)

b)

0 0.05 0.1

20

40

60

80

53.626V
vc t( )

10ms

t

w0
1
2
μF⋅ vc0

2⋅ 3.2 mJ⋅=:=

w10
1
2
μF vc 10ms( )2⋅ 1.438 mJ⋅=:=

c) w25 w0 w10−( ) 100
125






w10⋅+ 2.912 mJ⋅=:=

0s

200ms

t
vc t( )2

25kΩ






d 2.912 mJ⋅=
d) w100

25
125

w10⋅ 0.288 mJ⋅=:=

w25 w100+ 3.2 mJ⋅=

10ms

200ms

t
vc t( )2

100kΩ






d 0.288 mJ⋅=



AP 7.8 
6 || 3 2= 3 || 2 0.8+ 2=

τ1
2H
1Ω

2 s=:=
1
τ1

0.5
1
s

=

VTh
3

3 2+
10⋅ V 6 V=:= if1

VTh
2Ω

3 A=:=

i2s 1 e

1−
2−







 if1⋅ 1.18 A=:=

VTh 8A 9⋅ Ω 72 V=:=
RTh 9 6+( )Ω 15Ω=:= i2f

VTh−

RTh
4.8− A=:=

τ2
2H

RTh || 3Ω( )
0.8 s=:= 1

τ2
1.25

1
s

=

i t( ) if1 1 e

0.5− t⋅
s−







⋅ 0 t≤ 1s≤if

i2f i2s i2f−( ) e

1.25− t 1s−( )
s⋅+







 t 1s>if

:=
a) i1 t( ) 3 3e

0.5− t
s−







A:=

i2s i2f− 5.98 A=

0 1 2 3 4 5

6−

2−

2

i t( )

t

b) i2 t( ) 4.8− 5.98 e

1.25− t 1s−( )
s⋅+







A:=



AP 7.9
i1

10− V
40 160+( )kΩ

50− μA⋅=:=

v32
32ms i1−⋅

0.2μF
8 V=:=

i2
5V

90 160+( )kΩ
20 μA⋅=:= Δt ms:=

Given i2 Δt⋅ 8V 15V+( ) 0.2⋅ μF= Find Δt( ) 230 ms⋅=

t 32ms 230ms+ 262 ms⋅=:=



AP 7.10
non-inverting configuration implies gain of 5

so saturation will occur when input voltage
hits -1V
τ 160kΩ 0.01⋅ μF 1.6 ms⋅=:=

iin t( )
2− V

160kΩ
e

t−
1.6ms⋅:=

voltage is decaying to half of eventual so

a) ln .5( )− τ⋅ 1.109 ms⋅=

verify: 1
0.01μF

0

1.109ms
tiin t( )




d⋅ 1− V=

voltage is decaying to 1/3 of eventual so
iinb t( )

3− V
160kΩ

e

t−
τ⋅:=

b) ln
1
3






− τ⋅ 1.758 ms⋅=

verify: 1
0.01μF

0

1.758ms
tiinb t( )




d⋅ 1V+ 1− V=


