
Problems 6–5

Problems

P 6.1 [a] v = L
di

dt

= (150 × 10−6)(25)[e−500t − 500te−500t] = 3.75e−500t(1 − 500t)mV

[b] i(5ms) = 25(0.005)(e−2.5) = 10.26mA

v(5ms) = 0.00375(e−2.5)(1 − 2.5) = −461.73µV

p(5ms) = vi = (10.26 × 10−3)(−461.73 × 10−6) = −4.74µW

[c] delivering 4.74µW

[d] i(5ms) = 10.26mA (from part [b])

w =
1

2
Li2 =

1

2
(150 × 10−6)(0.01026)2 = 7.9nJ

[e] The energy is a maximum where the current is a maximum:

diL
dt

= 0 when 1 − 500t = 0 or t = 2ms

imax = 25(0.002)e−1 = 18.39mA

wmax =
1

2
(150 × 10−6)(0.01839)2 = 25.38nJ

P 6.2 [a] i = 0 t < 0

i = 4t A 0 ≤ t ≤ 25ms

i = 0.2 − 4t A 25 ≤ t ≤ 50ms

i = 0 50ms < t

[b] v = L
di

dt
= 500 × 10−3(4) = 2V 0 ≤ t ≤ 25ms

v = 500 × 10−3(−4) = −2V 25 ≤ t ≤ 50ms

v = 0 t < 0

v = 2V 0 < t < 25ms

v = −2V 25 < t < 50ms

v = 0 50ms < t

p = vi
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6–6 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

p = 0 t < 0

p = (4t)(2) = 8t W 0 < t < 25ms

p = (0.2 − 4t)(−2) = 8t − 0.4W 25 < t < 50ms

p = 0 50ms < t

w = 0 t < 0

w =
∫ t

0
(8x) dx = 8

x2

2

∣

∣

∣

∣

t

0
= 4t2 J 0 < t < 25ms

w =
∫ t

0.025
(8x − 0.4) dx + 2.5 × 10−3

= 4x2 − 0.4x
∣

∣

∣

∣

t

0.025
+2.5 × 10−3

= 4t2 − 0.4t + 10 × 10−3 J 25 < t < 50ms

w = 0 10ms < t

P 6.3 [a] i(0) = A1 + A2 = 0.12

di

dt
= −500A1e

−500t − 2000A2e
−2000t

v = −25A1e
−500t − 100A2e

−2000t V

v(0) = −25A1 − 100A2 = 3

Solving, A1 = 0.2 and A2 = −0.08

Thus,

i = 200e−500t − 80e−2000t mA t ≥ 0

v = −5e−500t + 8e−2000t V, t ≥ 0

[b] i = 0 when 200e−500t = 80e−2000t

Therefore

e1500t = 0.4 so t = −610.86µs which is not possible!

v = 0 when 5e−500t = 8e−2000t

Therefore

e1500t = 1.6 so t = 313.34µs

Thus the power is zero at t = 313.34µs.
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Problems 6–9

[b] i = 200t A, 0 ≤ t ≤ 50ms; i = 10A, t ≥ 50ms

P 6.8 0 ≤ t ≤ 100ms :

iL =
103

50

∫ t

0
2e−100x dx + 0.1 = 40

e−100x

−100

∣

∣

∣

∣

t

0
+ 0.1

= −0.4e−100t + 0.5A

iL(0.1) = −0.4e−10 + 0.5 = 0.5A

t ≥ 100ms :

iL =
103

50

∫ t

0.1
−2e−100(x−0.1) dx + 0.5 = −40

e−100(x−0.1)

−100

∣

∣

∣

∣

t

0.1
+ 0.5

= 0.4e−100(t−0.1) + 0.1A
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6–10 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

P 6.9 [a] 0 ≤ t ≤ 25ms :

v = 800t

i =
1

10

∫ t

0
800x dx + 0 = 80

x2

2

∣

∣

∣

∣

t

0

i = 40t2 A

25ms ≤ t ≤ 75ms :

v = 20

i(0.025) = 25mA

·. . i =
1

10

∫ t

0.025
20dx + 0.025

= 2x

∣

∣

∣

∣

t

0.025
+ 0.025

= 2t − 0.025A

75ms ≤ t ≤ 125ms :

v = 80 − 800t V

i(0.075) = 2(0.075) − 0.025 = 0.125A

i =
1

10

∫ t

0.075
(80 − 800x) dx + 0.125

=

(

8x − 80x2

2

)

∣

∣

∣

∣

t

0.075
+ 0.125

= 8t − 40t2 − 0.25A

125ms ≤ t ≤ 150ms :

v = 800t − 120
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6–20 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[d] 40µs ≤ t < ∞

v(40µs) = 64 − 12 = 52V 40µs ≤ t < ∞

P 6.22 [a] 15‖30 = 10mH

10 + 10 = 20mH

20‖20 = 10mH

12‖24 = 8mH

10 + 8 = 18mH

18‖9 = 6mH

Lab = 6 + 8 = 14mH

[b] 12 + 18 = 30µH

30‖20 = 12µH

12 + 38 = 50µH

30‖75‖50 = 15µH

15 + 15 = 30µH

30‖60 = 20µH

Lab = 20 + 25 = 45µH

P 6.23 [a] Combine two 10 mH inductors in parallel to get a 5 mH equivalent
inductor. Then combine this parallel pair in series with three 1 mH
inductors:

10m‖10m + 1m + 1m + 1m = 8mH

[b] Combine two 10µH inductors in parallel to get a 5µH inductor. Then
combine this parallel pair in series with four more 10µH inductors:

10µ‖10µ + 10µ + 10µ + 10µ + 10µ = 45µH
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6–32 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

P 6.40 [a] vab = L1
di

dt
+ L2

di

dt
+ M

di

dt
+ M

di

dt
= (L1 + L2 + 2M)

di

dt

It follows that Lab = (L1 + L2 + 2M)

[b] vab = L1
di

dt
− M

di

dt
+ L2

di

dt
− M

di

dt
= (L1 + L2 − 2M)

di

dt

Therefore Lab = (L1 + L2 − 2M)

P 6.41 [a] vab = L1
d(i1 − i2)

dt
+ M

di2
dt

0 = L1
d(i2 − i1)

dt
− M

di2
dt

+ M
d(i1 − i2)

dt
+ L2

di2
dt

Collecting coefficients of [di1/dt] and [di2/dt], the two mesh-current
equations become

vab = L1
di1
dt

+ (M − L1)
di2
dt

and

0 = (M − L1)
di1
dt

+ (L1 + L2 − 2M)
di2
dt

Solving for [di1/dt] gives

di1
dt

=
L1 + L2 − 2M

L1L2 − M2
vab

from which we have

vab =

(

L1L2 − M2

L1 + L2 − 2M

)(

di1
dt

)

·. . Lab =
L1L2 − M2

L1 + L2 − 2M

[b] If the magnetic polarity of coil 2 is reversed, the sign of M reverses,
therefore

Lab =
L1L2 − M2

L1 + L2 + 2M

P 6.42 When the switch is opened the induced voltage is negative at the dotted
terminal. Since the voltmeter kicks downscale, the induced voltage across the
voltmeter must be negative at its positive terminal. Therefore, the voltage is
negative at the positive terminal of the voltmeter.

Thus, the upper terminal of the unmarked coil has the same instantaneous
polarity as the dotted terminal. Therefore, place a dot on the upper terminal
of the unmarked coil.
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7–10 CHAPTER 7. Response of First-Order RL and RC Circuits

Problems

P 7.1 [a] io(0) =
20

16 + 12 + 4 + 8
=

20

40
= 0.5A

io(∞) = 0A

[b] io = 0.5e−t/τ ; τ =
L

R
=

80 × 10−3

12 + 8
= 4ms

io = 0.5e−250t A, t ≥ 0

[c] 0.5e−250t = 0.1

e250t = 5 ·. . t = 6.44ms

P 7.2 [a] For t < 0

ig =
50

20 + (75‖50)
=

50

50
= 1A

io(0
−) =

50

75 + 50
(1) = 0.4A = io(0

+)

For t > 0

io(t) = io(0
+)e−t/τ A, t ≥ 0

τ =
L

R
=

0.02

3 + 60‖15
= 1.33ms;

1

τ
= 750

io(t) = 0.4e−750t A, t ≥ 0

[b] vL = L
dio
dt

= 0.02(−750)(0.4e−750t) = −6e−750t V

vo =
60‖15

3 + 60‖15
vL =

12

15
(−6e−750t) = −4.8e−750t V t ≥ 0+



Problems 7–11

P 7.3 [a] i(0) =
60

120
= 0.5A

[b] τ =
L

R
=

0.32

160
= 2ms

[c] i = 0.5e−500t A, t ≥ 0

v1 = L
d

dt
(0.5e−500t) = −80e−500t V t ≥ 0+

v2 = −70i = −35e−500t V t ≥ 0+

[d] w(0) =
1

2
(0.32)(0.5)2 = 40mJ

w90Ω =
∫ t

0
90(0.25e−1000x) dx = 22.5

e−1000x

−1000

∣

∣

∣

∣

t

0
= 22.5(1 − e−1000t)mJ

w90Ω(1ms) = 0.0225(1 − e−1) = 14.22mJ

% dissipated =
14.22

40
(100) = 35.6%

P 7.4 t < 0:

ig =
90

13 + 12 + 6‖30
= 3A

iL(0−) =
30

36
(3) = 2.5A

t > 0:

Re = 6 + 30‖(8 + 12) = 6 + 12 = 18Ω



7–12 CHAPTER 7. Response of First-Order RL and RC Circuits

τ =
L

Re
=

36 × 10−3

18
= 2ms;

1

τ
= 500

·. . iL = 2.5e−500t A

vo = 6io = 15e−500t V, t ≥ 0+

P 7.5 p6Ω =
v2

o

6
=

(15)2

6
e−1000t = 37.5e−1000t W

w6Ω =
∫

∞

0
37.5e−1000t dt = 37.5

e−1000t

−1000

∣

∣

∣

∣

∞

0
= 37.5mJ

w(0) =
1

2
(36 × 10−3)(2.5)2 = 112.5mJ

% diss =
37.5

112.5
(100) = 33.33%

P 7.6 [a] t < 0

Simplify this circuit by creating a Thévenin equivalant to the left of the
inductor and an equivalent resistance to the right of the inductor:

1 kΩ‖4 kΩ = 0.8 kΩ

20kΩ‖80 kΩ = 16kΩ

(105 × 10−3)(0.8 × 103) = 84V

iL(0−) =
84

16,800
= 5mA



Problems 7–15

[e] The current in a resistor can change instantaneously. The switching
operation forces i2(0

−) to equal 12mA and i2(0
+) = −4mA.

P 7.9 [a] For t = 0− the circuit is:

io(0
−) = 0 since the switch is open

iL(0−) =
25

250
= 0.1 = 100mA

vL(0−) = 0 since the inductor behaves like a short circuit

[b] For t = 0+ the circuit is:

iL(0+) = iL(0−) = 100mA

ig =
25

50
= 0.5 = 500mA

io(0
+) = ig − iL(0+) = 500 − 100 = 400mA

200iL(0+) + vL(0+) = 0 ·. . vL(0+) = −200iL(0+) = −20V

[c] As t → ∞ the circuit is:

iL(∞) = 0; vL(∞) = 0



7–16 CHAPTER 7. Response of First-Order RL and RC Circuits

io(∞) =
25

50
= 500mA

[d] τ =
L

R
=

0.05

200
= 0.25ms

iL(t) = 0 + (0.1 − 0)e−4000t = 0.1e−4000t A

[e] io(t) = ig − iL = 0.5 − 0.1e−4000t A

[f ] vL(t) = L
diL
dt

= 0.05(−4000)(0.1)e−4000t = −20e−4000t V

P 7.10 w(0) =
1

2
(10 × 10−3)(5)2 = 125mJ

0.9w(0) = 112.5mJ

w(t) =
1

2
(10 × 10−3)i(t)2, i(t) = 5e−t/τ A

·. . w(t) = 0.005(25e−2t/τ ) = 125e−2t/τ )mJ

w(10µs) = 125e−20×10−6/τ mJ

·. . 125e−20×10−6/τ = 112.5 so e20×10−6/τ =
10

9

τ =
20 × 10−6

ln(10/9)
=

L

R

R =
10 × 10−3 ln(10/9)

20 × 10−6
= 52.68Ω

P 7.11 [a] w(0) =
1

2
LI2

g

wdiss =
∫ to

0
I2
gRe−2t/τ dt = I2

gR
e−2t/τ

(−2/τ )

∣

∣

∣

∣

to

0

=
1

2
I2
gRτ (1 − e−2to/τ) =

1

2
I2
gL(1 − e−2to/τ)

wdiss = σw(0)

·. .
1

2
LI2

g (1 − e−2to/τ ) = σ
(

1

2
LI2

g

)

1 − e−2to/τ = σ; e2to/τ =
1

(1 − σ)



7–18 CHAPTER 7. Response of First-Order RL and RC Circuits

[c] w(0) =
1

2
LI2

o =
1

2
(0.01)(0.01)2 = 0.5µJ

w(t) =
1

2
(0.01)(0.01e−1000t)2 = 0.5 × 10−6e−2000t

So 0.5 × 10−6e−2000t =
1

2
w(0) = 0.25 × 10−6

e−2000t = 0.5 then e2000t = 2

·. . t =
ln 2

2000
= 346.57µs (for a 10 mH inductor)

P 7.14 t < 0

iL(0−) = iL(0+) = 12A

t > 0

Find Thévenin resistance seen by inductor:

iT = 2.5vT ;
vT

iT
= RTh =

1

2.5
= 0.4Ω

τ =
L

R
=

20 × 10−3

0.4
= 50ms; 1/τ = 20



Problems 7–19

io = 12e−20t A, t ≥ 0

vo = L
dio
dt

= (20 × 10−3)(−240e−20t) = −4.8e−20t V, t ≥ 0+

P 7.15 [a] t < 0 :

iL(0) = −
72

24 + 6
= −2.4A

t > 0:

i∆ = −
100

160
iT = −

5

8
iT

vT = 20i∆ + iT
(100)(60)

160
= −12.5iT + 37.5iT

vT

iT
= RTh = −12.5 + 37.5 = 25Ω

τ =
L

R
=

250 × 10−3

25

1

τ
= 100

iL = −2.4e−100t A, t ≥ 0
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[b] vL = 250 × 10−3(240e−100t) = 60e−100t V, t ≥ 0+

[c] i∆ = 0.625iL = −1.5e−100t A t ≥ 0+

P 7.16 w(0) =
1

2
(250 × 10−3)(−2.4)2 = 720mJ

p60Ω = 60(−1.5e−100t)2 = 135e−200t W

w60Ω =
∫

∞

0
135e−200t dt = 135

e−200t

−200

∣

∣

∣

∣

∞

0
= 675mJ

% dissipated =
675

720
(100) = 93.75%

P 7.17 [a] t > 0:

Leq = 1.25 +
60

16
= 5H

iL(t) = iL(0)e−t/τ mA; iL(0) = 2A;
1

τ
=

R

L
=

7500

5
= 1500

iL(t) = 2e−1500t A, t ≥ 0

vR(t) = RiL(t) = (7500)(2e−1500t) = 15,000e−1500t V, t ≥ 0+

vo = −3.75
diL
dt

= 11,250e−1500t V, t ≥ 0+

[b] io =
−1

6

∫ t

0
11,250e−1500x dx + 0 = 1.25e−1500t − 1.25A

P 7.18 [a] From the solution to Problem 7.17,

w(0) =
1

2
Leq[iL(0)]2 =

1

2
(5)(2)2 = 10J

[b] wtrapped =
1

2
(10)(1.25)2 +

1

2
(6)(1.25)2 = 12.5 J



Problems 7–33

[c]
∑

wdiss = 3.84 + 5.76 + 0.4 = 10µJ

wtrapped = w(0) −
∑

wdiss = 1.45 × 10−3 − 10 × 10−6 = 1.44mJ

% trapped =
1.44

1.45
× 100 = 99.31%

Check: 0.26 + 0.03 + 0.4 + 99.31 = 100%

P 7.35 [a] For t < 0, calculate the Thévenin equivalent for the circuit to the left and
right of the 200 mH inductor. We get

i(0−) =
30 − 250

25 k + 30k
= −4mA

i(0−) = i(0+) = −4mA

[b] For t > 0, the circuit reduces to

Therefore i(∞) = 30/30,000 = 1mA

[c] τ =
L

R
=

200 × 10−3

30,000
= 6.67µs

[d] i(t) = i(∞) + [i(0+) − i(∞)]e−t/τ

= 0.001 + [−0.004 − 0.001]e−150,000t = 1 − 5e−150,000t mA, t ≥ 0

P 7.36 [a] t < 0

iL(0−) =
32

20
= 1.6A
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t > 0

iL(∞) =
32 − 48

12 + 8
= −0.8A

τ =
L

R
=

5 × 10−3

12 + 8
= 250µs;

1

τ
= 4000

iL = iL(∞) + [iL(0+) − iL(∞)]e−t/τ

= −0.8 + (1.6 + 0.8)e−4000t = −0.8 + 2.4e−4000t A, t ≥ 0

vo = 8iL + 48 = 8(−0.8 + 2.4e−4000t) + 48 = 41.6 + 19.2e−4000t V, t ≥ 0

[b] vL = L
diL
dt

= 5 × 10−3(−4000)[2.4e−4000t] = −48e−4000t V, t ≥ 0+

vL(0+) = −48V

From part (a) vo(0
+) = 0V

Check: at t = 0+ the circuit is:

vo(0
+) = 48 + (8Ω)(1.6A) = 60.8V; vL(0+) + vo(0

+) = 12(−1.6) + 32

·. . vL(0+) = −19.2 + 32 − 60.8 = −48V

P 7.37 [a] t < 0



Problems 7–35

KVL equation at the top node:

vo − 240

60
+

vo

20
+

vo

5
= 0

Multiply by 60 and solve:

240 = (3 + 1 + 12)vo; vo = 15V

·. . io(0
−) =

vo

5
= 15/5 = 3A

t > 0

Use voltage division to find the Thévenin voltage:

VTh = vo =
20

20 + 5
(225) = 180V

Remove the voltage source and make series and parallel combinations of
resistors to find the equivalent resistance:

RTh = 5 + 20‖5 = 5 + 4 = 9Ω

The simplified circuit is:

τ =
L

R
=

10 × 10−3

9
= 1.11ms;

1

τ
= 900

io(∞) =
190

9
= 20A

·. . io = io(∞) + [io(0
+) − io(∞)]e−t/τ

= 20 + (3 − 20)e−900t = 20 − 17e−900t A, t ≥ 0

[b] vo = 5io + L
dio
dt

= 5(20 − 17e−900t) + 0.01(−900)(17e−900t)

= 100 − 85e−900t + 153e−900t

vo = 100 + 68e−900t V, t ≥ 0+



Problems 7–43

P 7.46 For t < 0, i45mH(0) = 80V/2000Ω = 40mA
For t > 0, after making a Thévenin equivalent of the circuit to the right of the
inductors we have

i =
Vs

R
+
(

Io −
Vs

R

)

e−t/τ

1

τ
=

R

L
=

1200

60 × 10−3
= 20,000

Io = 40mA; If =
Vs

R
=

60

1200
= 50mA

i = 0.05 + (0.04 − 0.05)e−20,000t = 50 − 10e−20,000t mA, t ≥ 0

vo = 0.045
di

dt
= 0.045(−0.01)(−20,000e−20,000t) = 9e−20,000t V, t ≥ 0+

P 7.47 t > 0

τ =
1

40

io = 5e−40t A, t ≥ 0

vo = 40io = 200e−40t V, t > 0+

200e−40t = 100; e40t = 2

·. . t =
1

40
ln 2 = 17.33ms




