
6–14 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

Rm = (20)(1000) = 20kΩ

vm(1.6 s) = (0.96 × 10−3)(20 × 103) = 19.2V

P 6.13 [a] i = C
dv

dt
= (5 × 10−6)[500t(−2500)e−2500t + 500e−2500t]

= 2.5 × 10−3e−2500t(1 − 2500t)A

[b] v(100µ) = 500(100 × 10−6)e−0.25 = 38.94mV

i(100µ) = (2.5 × 10−3)e−0.25(1 − 0.25) = 1.46mA

p(100µ) = vi = (38.94 × 10−3)(1.46 × 10−3) = 56.86µW

[c] p > 0, so the capacitor is absorbing power.

[d] v(100µ) = 38.94mV

w =
1

2
Cv2 =

1

2
(5 × 10−6)(38.94 × 10−3)2 = 3.79nJ

[e] The energy is maximum when the voltage is maximum:

dv

dt
= 0 when (1 − 2500t) = 0 or t = 0.4ms

vmax = 500(0.4 × 10−3)2e−1 = 73.58mV

pmax =
1

2
Cv2

max = 13.53nJ

P 6.14 [a] v = 0 t < 0

v = 10t A 0 ≤ t ≤ 2 s

v = 40 − 10t A 2 ≤ t ≤ 6 s

v = 10t − 80A 6 ≤ t ≤ 8 s

v = 0 8 s < t

[b] i = C
dv

dt

i = 0 t < 0

i = 2mA 0 < t < 2 s

i = −2mA 2 < t < 6 s

i = 2mA 6 < t < 8 s

i = 0 8 s < t
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Problems 6–15

p = vi

p = 0 t < 0

p = (10t)(0.002) = 0.02t W 0 < t < 2 s

p = (40 − 10t)(−0.002) = 0.02t − 0.08W 2 < t < 6 s

p = (10t − 80)(0.002) = 0.02t − 0.16W 6 < t < 8 s

p = 0 8 s < t

w =
∫

p dx

w = 0 t < 0

w =
∫ t

0
(0.02x) dx = 0.01x2

∣

∣

∣

∣

t

0
= 0.01t2 J 0 < t < 2 s

w =
∫ t

2
(0.02x − 0.08) dx + 0.04

= (0.01x2 − 0.08x)

∣

∣

∣

∣

t

2
+0.04

= 0.01t2 − 0.08t + 0.16 J 2 < t < 6 s

w =
∫ t

6
(0.02x − 0.16) dx + 0.04

= (0.01x2 − 0.16x)

∣

∣

∣

∣

t

6
+ 0.04

= 0.01t2 − 0.16t + 0.64 J 6 < t < 8 s

w = 0 8 s < t

[c]
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6–16 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

From the plot of power above, it is clear that power is being absorbed for
0 < t < 2 s and for 4 s < t < 6 s, because p > 0. Likewise, power is being
delivered for 2 s < t < 4 s and 6 s < t < 8 s, because p < 0.

P 6.15 [a] w(0) =
1

2
C [v(0)]2 =

1

2
(5 × 10−6)(60)2 = 9mJ

[b] v = (A1 + A2t)e
−1500t

v(0) = A1 = 60V

dv

dt
= −1500e−1500t(A1 + A2t) + e−1500t(A2)

= (−1500A2t − 1500A1 + A2)e
−1500t

dv(0)

dt
= A2 − 1500A1

i = C
dv

dt
, i(0) = C

dv(0)

dt

·. .
dv(0)

dt
=

i(0)

C
=

100 × 10−3

5 × 10−6
= 20 × 103

·. . 20 × 103 = A2 − 1500(60)

Thus, A2 = 20 × 103 + 90 × 103 = 110 × 103 V

s

[c] v = (60 + 110 × 103t)e−1500t

i = C
dv

dt
= 5 × 10−6 d

dt
(60 + 110 × 103t)e−1500t

i = (5 × 10−6)[110,000e−1500t − 1500(60 + 110, 000t)e−1500t]

= (0.1 − 825t)e−1500t A, t ≥ 0

P 6.16 iC = C(dv/dt)

0 < t < 2 s : iC = 100 × 10−9(15)t2 = 1.5 × 10−6t2 A

2 < t < 4 s : iC = 100 × 10−9(−15)(t − 4)2 = −1.5 × 10−6(t − 4)2 A
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Problems 6–17

P 6.17 [a] i = C
dv

dt
= 0, t < 0

[b] i = C
dv

dt
= 120 × 10−6 d

dt
[30 + 5e−500t(6 cos 2000t + sin 2000t)]

= 120 × 10−6[5(−500)e−500t(6 cos 2000t + sin 2000t)

+5(2000)e−500t(−6 sin 2000t + cos 2000t)]

= −0.6e−500t[cos 2000t + 12.5 sin 2000t] A, t ≥ 0

[c] no, v(0−) = 60 V
v(0+) = 30 + 5(6) = 60 V

[d] yes, i(0−) = 0 A
i(0+) = −0.6 A

[e] v(∞) = 30V

w =
1

2
Cv2 =

1

2
(120 × 10−6)(30)2 = 54mJ

P 6.18 [a] v(20µs) = 12.5 × 109(20 × 10−6)2 = 5V (end of first interval)

v(20µs) = 106(20 × 10−6) − (12.5)(400) × 10−3 − 10

= 5V (start of second interval)

v(40µs) = 106(40 × 10−6) − (12.5)(1600) × 10−3 − 10

= 10V (end of second interval)

[b] p(10µs) = 62.5 × 1012(10−5)3 = 62.5mW, v(10µs) = 1.25V,

i(10µs) = 50mA, p(10µs) = vi = (1.25)(50m) = 62.5mW (checks)

p(30µs) = 437.50mW, v(30µs) = 8.75V, i(30µs) = 0.05A

p(30µs) = vi = (8.75)(0.05) = 62.5mW (checks)
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6–18 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[c] w(10µs) = 15.625 × 1012(10 × 10−6)4 = 0.15625µJ

w = 0.5Cv2 = 0.5(0.2 × 10−6)(1.25)2 = 0.15625µJ

w(30µs) = 7.65625µJ

w(30µs) = 0.5(0.2 × 10−6)(8.75)2 = 7.65625µJ

P 6.19 [a] v =
1

0.5 × 10−6

∫ 500×10−6

0
50 × 10−3e−2000t dt − 20

= 100 × 103 e−2000t

−2000

∣

∣

∣

∣

500×10−6

0
−20

= 50(1 − e−1) − 20 = 11.61V

w = 1
2
Cv2 = 1

2
(0.5)(10−6)(11.61)2 = 33.7µJ

[b] v(∞) = 50 − 20 = 30V

w(∞) =
1

2
(0.5 × 10−6)(30)2 = 225µJ

P 6.20 [a] i =
5

2 × 10−3
t = 2500t 0 ≤ t ≤ 2ms

i =
−10

4 × 10−3
t + 10 = 10 − 2500t 2 ≤ t ≤ 6ms

i =
10

4 × 10−3
t− 20 = 2500t − 20 6 ≤ t ≤ 10ms

i =
−5

2 × 10−3
t + 30 = 30 − 2500t 10 ≤ t ≤ 12ms

q =
∫ 0.002

0
2500t dt +

∫ 0.006

0.002
(10 − 2500t) dt

=
2500t2

2

∣

∣

∣

∣

0.002

0
+

(

10t − 2500t2

2

)

∣

∣

∣

∣

0.006

0.002

= 0.005 − 0 + (0.06 − 0.045) − (0.02 − 0.005)

= 5mC

[b] v = 0.5 × 106
∫ 0.002

0
2500x dx + 0.5 × 106

∫ 0.006

0.002
(10 − 2500x) dx

+0.5 × 106
∫ 0.01

0.006
(2500x − 20) dx

= 0.5 × 106

[

2500x2

2

∣

∣

∣

∣

0.002

0
+10x

∣

∣

∣

∣

0.006

0.002
−2500x2

2

∣

∣

∣

∣

0.006

0.002
+

2500x2

2

∣

∣

∣

∣

0.01

0.006
−20x

∣

∣

∣

∣

0.01

0.006

]
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Problems 6–23

[d] i2 =
1

4

∫ t

0
400e−100x dx + 1

= −e−100t + 2A, t ≥ 0

[e] w(0) =
1

2
(1)(6)2 +

1

2
(4)(1)2 +

1

2
(3.2)(5)2 = 60J

[f ] wdel =
1

2
(4)(5)2 = 50J

[g] wtrapped = 60 − 50 = 10J

or wtrapped =
1

2
(1)(2)2 +

1

2
(4)(2)2 + 10J (check)

P 6.26 vb = 2000e−100t V

io = 5e−100t A

p = 10,000e−200t W

w =
∫ t

0
104e−200x dx = 10,000

e−200x

−200

∣

∣

∣

∣

t

0
= 50(1 − e−200t)W

wtotal = 50J

80%wtotal = 40J

Thus,

50 − 50e−200t = 40; e200t = 5; ·. . t = 8.05ms

P 6.27 [a]
1

C1
=

1

48
+

1

24
=

1

16
; C1 = 16nF

C2 = 4 + 16 = 20nF

1

C3
=

1

20
+

1

30
=

1

12
; C3 = 12nF

C4 = 12 + 8 = 20nF
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6–24 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

1

C5
=

1

20
+

1

20
+

1

10
=

1

5
; C5 = 5nF

Equivalent capacitance is 5 nF with an initial voltage drop of +15 V.

[b]
1

36
+

1

18
+

1

12
=

1

6
·. . Ceq = 6µF 24 + 6 = 30µF

25 + 5 = 30µF

1

30
+

1

30
+

1

30
=

3

30
·. . Ceq = 10µF

Equivalent capacitance is 10µF with an initial voltage drop of +25 V.

P 6.28 [a] Combine a 470 pF capacitor and a 10 pF capacitor in parallel to get a 480
pF capacitor:

(470 p) in parallel with (10 p) = 470 p + 10 p = 480 pF
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Problems 7–23

·. . e2500t = 3 and t =
ln 3

2500
= 439.44µs

P 7.21 [a] For t < 0:

v(0) = 20,000(0.01) = 200V

[b] w(0) =
1

2
Cv(0)2 =

1

2
(400 × 10−9)(200)2 = 8mJ

[c] For t > 0:

Req = 10,000 + 50,000‖75,000 = 40kΩ

τ = ReqC = (40,000)(400 × 10−9) = 16ms

[d] v(t) = v(0)e−t/τ = 200e−62.5t V t ≥ 0

P 7.22 For t < 0:

Vo = (20,000‖60,000)(20 × 10−3) = 300V



7–24 CHAPTER 7. Response of First-Order RL and RC Circuits

For t ≥ 0:

Req = 10,000 + (20,000‖60,000) = 25kΩ

τ = ReqC = (25,000)(40 × 10−9) = 1ms

v(t) = Voe
−t/τ = 300e−1000t V t ≥ 0

P 7.23 [a] For t < 0:

Vo =
10,000

15,000
(120) = 80V

For t ≥ 0:

Req = 25,000‖(40,000 + 10,000) = 16.67 kΩ

τ = ReqC = (16,666/67)(160 × 10−9) = 2.67ms

v(t) = Voe
−t/τ = 80e−375t V t ≥ 0



Problems 7–25

[b] For t ≥ 0:

vR(t) =
40,000

50,000
(80e−375t) = 64e−375t V

i(t) =
vR

40,000
= 1.6e−375t mA, t ≥ 0+

P 7.24 Using the results of Problem 7.23:

w(0) =
1

2
CV 2

o =
1

2
(160 × 10−9)(80)2 = 512µJ

p40k = Ri2 = (40,000)(1.6 × 10−3e−375t)2 = 0.1024e−750t

w40k =
∫

∞

0
p40k dt =

∫

∞

0
0.1024e−750t dt =

0.1024e−750t

−750

∣

∣

∣

∣

∞

0
= 136.53µJ

percent =
136.53

512
(100) = 26.67%

P 7.25 [a] v1(0
−) = v1(0

+) = (0.006)(5000) = 30V v2(0
+) = 0

Ceq = (30)(40)/90 = 20µF

τ = (2.5 × 103)(20 × 10−6) = 50ms;
1

τ
= 20

i =
30

2500
e−20t = 12e−20t mA, t ≥ 0+

v1 =
−1

30−6

∫ t

0
12 × 10−3e−20x dx + 30 = 20e−20t + 10V, t ≥ 0



7–26 CHAPTER 7. Response of First-Order RL and RC Circuits

v2 =
1

60 × 10−6

∫ t

0
12 × 10−3e−20x dx + 0 = −10e−20t + 10V, t ≥ 0

[b] w(0) =
1

2
(30 × 10−6)(30)2 = 13.5mJ

[c] wtrapped =
1

2
(30 × 10−6)(10)2 +

1

2
(60 × 10−6)(10)2 = 4.5mJ.

The energy dissipated by the 2.5 kΩ resistor is equal to the energy
dissipated by the two capacitors; it is easier to calculate the energy
dissipated by the capacitors:

wdiss =
1

2
(20 × 10−6)(30)2 = 9mJ.

Check: wtrapped + wdiss = 4.5 + 9 = 13.5mJ; w(0) = 13.5mJ.

P 7.26 [a] t < 0:

Req = 12k‖8 k = 10.2 kΩ

vo(0) =
10,200

10,200 + 1800
(−120) = −102V

t > 0:

τ = [(10/3) × 10−6)(12,000) = 40ms;
1

τ
= 25

vo = −102e−25t V, t ≥ 0

p =
v2

o

12,000
= 867 × 10−3e−50t W

wdiss =
∫ 12×10−3

0
867 × 10−3e−50t dt

= 17.34 × 10−3(1 − e−50(12×10−3)) = 7824µJ



Problems 7–27

[b] w(0) =
(

1

2

)(

10

3

)

(102)2 × 10−6 = 17.34mJ

0.75w(0) = 13mJ

∫ to

0
867 × 10−3e−50x dx = 13 × 10−3

·. . 1 − e−50to = 0.75; e50to = 4; so to = 27.73ms

P 7.27 [a] t < 0:

i1(0
−) = i2(0

−) =
3

30
= 100mA

[b] t > 0:

i1(0
+) =

0.2

2
= 100mA

i2(0
+) =

−0.2

8
= −25mA

[c] Capacitor voltage cannot change instantaneously, therefore,

i1(0
−) = i1(0

+) = 100mA

[d] Switching can cause an instantaneous change in the current in a resistive
branch. In this circuit

i2(0
−) = 100mA and i2(0

+) = 25mA

[e] vc = 0.2e−t/τ V, t ≥ 0

τ = ReC = 1.6(2 × 10−6) = 3.2µs;
1

τ
= 312,500



Problems 7–29

[b]
1

τ
=

1

RC
= 500; C =

1

(500)(8000)
= 0.25µF

[c] τ =
1

500
= 2ms

[d] w(0) =
1

2
(0.25 × 10−6)(72)2 = 648µJ

[e] wdiss =
∫ to

0

(72)2e−1000t

(800)
dt

= 0.648
e−1000t

−1000

∣

∣

∣

∣

to

0
= 648(1 − e−1000to)µJ

%diss = 100(1 − e−1000to) = 68 so e1000to = 3.125

·. . t =
ln 3.125

1000
= 1139µs

P 7.30 [a] Note that there are many different possible correct solutions to this
problem.

R =
τ

C

Choose a 100µF capacitor from Appendix H. Then,

R =
0.05

100 × 10−6
= 500Ω

Construct a 500Ω resistor by combining two 1kΩ resistors in parallel:

[b] v(t) = Voe
−t/τ = 50e−20t V, t ≥ 0

[c] 50e−20t = 10 so e20t = 5

·. . t =
ln 5

20
= 80.47ms

P 7.31 [a]

vT = 20 × 103(iT + αv∆) + 5 × 103iT



7–30 CHAPTER 7. Response of First-Order RL and RC Circuits

v∆ = 5 × 103iT

vT = 25 × 103iT + 20 × 103α(5 × 103iT )

RTh = 25,000 + 100 × 106α

τ = RThC = 40 × 10−3 = RTh(0.8 × 10−6)

RTh = 50kΩ = 25,000 + 100 × 106α

α =
25,000

100 × 106
= 2.5 × 10−4 A/V

[b] vo(0) = (−5 × 10−3)(3600) = −18V t < 0

t > 0:

vo = −18e−25t V, t ≥ 0

v∆

5000
+

v∆ − vo

20,000
+ 2.5 × 10−4v∆ = 0

4v∆ + v∆ − vo + 5v∆ = 0

·. . v∆ =
vo

10
= −1.8e−25t V, t ≥ 0+



7–32 CHAPTER 7. Response of First-Order RL and RC Circuits

[b] isd(t) = 0.075 + i1(t) + i2(t)

τ1 = 200(25 × 10−6) = 5ms

τ2 = 400(50 × 10−6) = 20ms

·. . i1(t) = 30e−200t mA, t ≥ 0+

i2(t) = 15e−50t mA, t ≥ 0

·. . isd = 75 + 30e−200t + 15e−50t mA, t ≥ 0+

P 7.34 [a] The equivalent circuit for t > 0:

τ = 2ms; 1/τ = 500

vo = 10e−500t V, t ≥ 0

io = e−500t mA, t ≥ 0+

i24kΩ = e−500t
(

16

40

)

= 0.4e−500t mA, t ≥ 0+

p24kΩ = (0.16 × 10−6e−1000t)(24,000) = 3.84e−1000t mW

w24kΩ =
∫

∞

0
3.84 × 10−3e−1000t dt = −3.84 × 10−6(0 − 1) = 3.84µJ

w(0) =
1

2
(0.25 × 10−6)(40)2 +

1

2
(1 × 10−6)(50)2 = 1.45mJ

% diss (24 kΩ) =
3.84 × 10−6

1.45 × 10−3
× 100 = 0.26%

[b] p400Ω = 400(1 × 10−3e−500t)2 = 0.4 × 10−3e−1000t

w400Ω =
∫

∞

0
p400 dt = 0.40µJ

% diss (400Ω) =
0.4 × 10−6

1.45 × 10−3
× 100 = 0.03%

i16kΩ = e−500t
(

24

40

)

= 0.6e−500t mA, t ≥ 0+

p16kΩ = (0.6 × 10−3e−500t)2(16,000) = 5.76 × 10−3e−1000t W

w16kΩ =
∫

∞

0
5.76 × 10−3e−1000t dt = 5.76µJ

% diss (16 kΩ) = 0.4%



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



Problems 7–47

For t ≥ 0:

vc(∞) = 400(0.015) = 6V

Req = 100 + 400 = 500Ω so τ = ReqC = 500(25 × 10−6) = 12.5ms

vc(t) = vc(∞) + (vc(0) − vc(∞))e−t/τ = 6 + (10 − 6)e−80t = 6 + 4e−80t V

P 7.53 [a] Use voltage division to find the initial value of the voltage:

vc(0
+) = v9k =

9k

9k + 3k
(120) = 90V

[b] Use Ohm’s law to find the final value of voltage:

vc(∞) = v40k = −(1.5 × 10−3)(40 × 103) = −60V

[c] Find the Thévenin equivalent with respect to the terminals of the
capacitor:

VTh = −60V, RTh = 10k + 40k = 50kΩ

τ = RThC = 1ms = 1000µs

[d] vc = vc(∞) + [vc(0
+) − vc(∞)]e−t/τ

= −60 + (90 + 60)e−1000t = −60 + 150e−1000t V, t ≥ 0

We want vc = −60 + 150e−1000t = 0:

Therefore t =
ln(150/60)

1000
= 916.3µs

P 7.54 [a] For t < 0:

vo(0) =
10,000

15,000
(75) = 50V
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[c] v(t) = 25 + 75e−4t = 50 so e−4t =
1

3

·. . t =
ln 3

4
= 274.65ms

P 7.60 For t > 0

VTh = (−25)(16,000)ib = −400 × 103ib

ib =
33,000

80,000
(120 × 10−6) = 49.5µA

VTh = −400 × 103(49.5 × 10−6) = −19.8V

RTh = 16kΩ

vo(∞) = −19.8V; vo(0
+) = 0

τ = (16, 000)(0.25 × 10−6) = 4ms; 1/τ = 250

vo = −19.8 + 19.8e−250t V, t ≥ 0

w(t) =
1

2
(0.25 × 10−6)v2

o = w(∞)(1 − e−250t)2 J

(1 − e−250t)2 =
0.36w(∞)

w(∞)
= 0.36

1 − e−250t = 0.6

e−250t = 0.4 ·. . t = 3.67ms
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Req = 60k‖120 k = 40kΩ

τ = ReqC = (40 × 103)(20 × 10−9) = 0.8ms;
1

τ
= 1250

vo = 30 + (120 − 30)e−1250t = 30 + 90e−1250t V, t ≥ 0+

[b] io =
vo

60,000 vo

−

90120,000 =
30 + 90e−1250t

60,000
+

30 + 90e−1250t − 90

120,000

= 2.25e−1250t mA

v1 =
1

60 × 10−9
× 2.25 × 10−3

∫ t

0
e−1250x dx = −30e−1250t + 30V, t ≥ 0

P 7.65 [a] t < 0

t > 0

vo(0
−) = vo(0

+) = 40V

vo(∞) = 80V

τ = (0.16 × 10−6)(6.25 × 103) = 1ms; 1/τ = 1000

vo = 80 − 40e−1000t V, t ≥ 0

[b] io = −C
dvo

dt
= −0.16 × 10−6[40,000e−1000t]

= −6.4e−1000t mA; t ≥ 0+

[c] v1 =
−1

0.2 × 10−6

∫ t

0
−6.4 × 10−3e−1000x dx + 32

= 64 − 32e−1000t V, t ≥ 0
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[d] v2 =
−1

0.8 × 10−6

∫ t

0
−6.4 × 10−3e−1000x dx + 8

= 16 − 8e−1000t V, t ≥ 0

[e] wtrapped =
1

2
(0.2 × 10−6)(64)2 +

1

2
(0.8 × 10−6)(16)2 = 512µJ.

P 7.66 [a] Let i be the current in the clockwise direction around the circuit. Then

Vg = iRg +
1

C1

∫ t

0
i dx +

1

C2

∫ t

0
i dx

= iRg +
(

1

C1

+
1

C2

)
∫ t

0
i dx = iRg +

1

Ce

∫ t

0
i dx

Now differentiate the equation

0 = Rg
di

dt
+

i

Ce
or

di

dt
+

1

RgCe
i = 0

Therefore i =
Vg

Rg

e−t/RgCe =
Vg

Rg

e−t/τ ; τ = RgCe

v1(t) =
1

C1

∫ t

0

Vg

Rg
e−x/τ dx =

Vg

RgC1

e−x/τ

−1/τ

∣

∣

∣

∣

t

0
= −

VgCe

C1
(e−t/τ − 1)

v1(t) =
VgC2

C1 + C2
(1 − e−t/τ); τ = RgCe

v2(t) =
VgC1

C1 + C2
(1 − e−t/τ); τ = RgCe

[b] v1(∞) =
C2

C1 + C2
Vg; v2(∞) =

C1

C1 + C2
Vg

P 7.67 [a] Leq =
(3)(15)

3 + 15
= 2.5H

τ =
Leq

R
=

2.5

7.5
=

1

3
s

io(0) = 0; io(∞) =
120

7.5
= 16A

·. . io = 16 − 16e−3t A, t ≥ 0

vo = 120 − 7.5io = 120e−3t V, t ≥ 0+

i1 =
1

3

∫ t

0
120e−3x dx =

40

3
−

40

3
e−3t A, t ≥ 0

i2 = io − i1 =
8

3
−

8

3
e−3t A, t ≥ 0




