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Inductance, Capacitance, and Mutual Inductance

Problems

ent in a 150 uH inductor is known to be

i, =25te ™A fort=0.

a) Find the voltage across the inductor for ¢ > 0.
(Assume the passive sign convention.)

b) Find the power (in microwatts) at the terminals
of the inductor when ¢ = 5 ms.

¢) Is the inductor absorbing or delivering power at
5 ms?

d) Find the energy (in microjoules) stored in the
inductor at 5 ms.

¢) Find the maximum energy (in microjoules)
stored in the inductor and the time (in milli-
seconds) when it occurs.

6.2 The triangular current pulse shown in Fig. P6.2 is

applied to a 500 mH inductor.

a) Write the expressions that describe i(¢) in
the four intervals ¢ <0, 0=<¢=<25ms,
25ms =< ¢ =< 50 ms, and ¢ > 50 ms.

b) Derive the expressions for the inductor volt-
age, power, and energy. Use the passive sign
convention.

Figure P6.2
i (mA)
100

0 25 50 t (ms)

he current in a 50 mH inductor is known to be
= 120 mA,

i= Age 0 4 Ane200KA
The voltage across the inductor (passive sign con-
vention)is 3V ats = 0.

a) Find the expression for the voltage across the
inductor for ¢t > 0.

b) Find the time, greater than zero, when the power
at the terminals of the inductor is zero.

t=<0

t=0.

6.4 Assume in Problem 6.3 that the value of the voltage
across the inductor at ¢ = 0is —18 V instead of 3V.

a) Find the numerical expressions for i and » for
t=0.

b) Specify the time intervals when the inductor is
storing energy and the time intervals when the
inductor is delivering energy.

¢) Show that the total energy extracted from the
inductor is equal to the total energy stored.

The current in a 200 mH inductor is

i=T75mA, t=0;

i = (B cos 200t + B, sin 200)e ™ A, =0.
The voltage across the inductor (passive sign conven-
tion) is 425 V at ¢ = 0. Calculate the power at the

terminals of the inductor atf = 25 ms. State whether
the inductor is absorbing or delivering power.

Evaluate the integral

ca
| v
0

for Example 6.2. Comment on the significance of
the result.

6.7 The voltage at the terminals of the 750 uH inductor

in Fig. P6.7(a) is shown in Fig. P6.7(b). The inductor
current i is known to be zero for ¢ =< 0.
a) Derive the expressions for i for¢ = 0.

b) Sketchiversusffor0 =< ¢ =< oo,

Figure P6.7
_i> Yy (IIIV)
150
Yy e 750 uH
0 50 t(ms)
7/ ® ()

]

/. current in the 50 mH inductor in Fig. P6.8 is
f¥nown to be 100 mA for ¢ < 0. The inductor volt-
7age for ¢t = 0 is given by the expression

v (t) = 267V, 0" <t = 100 ms
v(t) = =200y, 100ms <t < oo
Sketch v;(f) and i;(¢) for 0 < ¢ < oo,


Mobile User


~9 B“f

3



Mobile User


c) the Sf9n o} G
(S P@tgq'\“\‘w — &f\w&m}

@vwa/’
S N——— ,
2
V) wa L Ve Laemd
= 7
~
2 _GeoXSxlo

\  \¢o X O x):%xs;(lo C

Nz
\l/,«/: @/oém



Mobile User


ey ] A—, L ‘
- C/

?
Yoo ’X 3 ieoxzlo

W2 Ax\seXte CToskenre |

= \wm\@



Mobile User




Mobile User




Mobile User


> L“ 0 0oy \/=0

O —

& 2 00{:

tD> ngom('“ %0 eﬁq@ -
C -

200 __.\.(006‘_\ 2/6

700 = €

= 36

e
oot 2
> /éi’g - %2 2
= =<
ﬂ\§°°‘a z . 0,%2S
—

_ — /A)
€ =73

\n (0,62 _ l*z.\%,zwé \

— \L00 %>O e/‘{n ob 9


Mobile User




Mobile User




Mobile User


620 The current shown in Fig. 6.20 is applied to a 2 uF
rse  capacitor. The initial voltage on the capacitor is
MULTISIM Zero.
a) Find the charge on the capacitor at # = 6 ms.
b) Find the voltage on the capacitor at ¢ = 10 ms.
¢) How much energy is stored in the capacitor by

this current?
Figure P6.20
i(A)
5 —
| | I
2 4 6 10 12 #{me)
_5 —

621 The rectangular-shaped current pulse shown in

e Fig, P6.21 is applied to a 0.1 uF capacitor. The

initial voltage on the capacitor is a 15 V drop in

the reference direction of the current. Derive the

expression for the capacitor voltage for the time

intervals in (a)-(d).

a) 0=<¢=<10us;

b) 10 us =< £ =< 20 us;

c) 20us <t =<40us

d) pus <t <o

e) Sketch v(¢) over the interval —10 us =< ¢ < 50 us.

Figure P6.21

i(mA)
160 —

100 —

t (i)
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)
25 uH 18 uH
ae—rvvv > > Yy
20 uH
0 pH 12 uH
b

623 Use realistic inductor values from Appendix H to
construct series and parallel combinations of induc-
tors to yield the equivalent inductances specified
below. Try to minimize the number of inductors used.
Assume that no initial energy is stored in any of the
inductors.

a) SmH
b) 45 uH
180 uH

he two parallel inductors in Fig. P6.24 are con-
yef ed across the terminals of a black boxat¢ = 0.
e resulting voltage v for ¢ > 0 is known to be

Ae V. Tt is also known that #,(0) = —10 A and

BH0) =5A.

a) Replace the original inductors with an equiva-
lent inductor and find i(¢) for ¢ = 0.

b) Find i;(¢) for¢ = 0.

¢) Find ix(¢) for¢t = 0.

d) How much energy is delivered to the black box
in the time interval 0 < ¢ < 00?

¢) How much energy was initially stored in the par-
allel inductors?

f) How much energy is trapped in the ideal inductors?

2) Show that your solutions for #; and i, agree with
the answer obtained in (f).

Figure P6.24

i_(tl

£=g . Black

W0|¢am H0ff16H box
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208  Inductance, Capacitance, and Mutual Inductance

6.25 The three inductors in the circuit in Fig. P6.25 are con-
r:  pected across the terminals of a black box at £ = 0.
ISR The resulting voltage for ¢ > 0 is known to be

v, = 2000¢ 1% V.

Ifi1(0) = —6 A and i,(0) = 1 A, find

a) i,(0);

b) i(0),t = 0;

©) ().t = 0;

d) ix(¢),t = 0;

¢) the initial energy stored in the three inductors;
f) the total energy delivered to the black box; and
g) the energy trapped in the ideal inductors.

Figure P6.25

t=0 Black
%

%

6.26 For the circuit shown in Fig. P6.25, how many milli-
seconds after the switch is opened is the energy
delivered to the black box 80% of the total energy

e, delivered?
Hind the equivalent capacitance with respect to the
\/ erminals a, b for the circuits shown in Fig. P6.27.
Figure P6.27
20 nF 48 nF

+ 5v-— - 20V +
25 uH
4
AN
+ 10V -
ol 5|’/‘F v Sy -
\ I\
364V -
U pF —— 18 uF =<2V
30 uF 12 uF +
*—o |/ |{
\ hd I\
- 20V + + 8V -

6.28 Use realistic capacitor values from Appendix H to
construct series and parallel combinations of capac-
itors to yield the equivalent capacitances specified
below. Try to minimize the number of capacitors
used. Assume that no initial energy is stored in any
of the capacitors.

a) 480 pF
b) 600 nF

c) 120 uF

6.29 Derive the equivalent circuit for a series connection
of ideal capacitors. Assume that each capacitor has
its own initial voltage. Denote these initial voltages
as v1(fg), v2(tp), and so on. (Hint: Sum the voltages
across the string of capacitors, recognizing that the
series connection forces the current in each capaci-
tor to be the same.)

630 Derive the equivalent circuit for a parallel connec-
tion of ideal capacitors. Assume that the initial volt-
age across the paralleled capacitors is v(ty). (Hint:
Sum the currents into the string of capacitors, rec-
ognizing that the parallel connection forces the
voltage across each capacitor to be the same.)

631 The two series-connected capacitors in Fig. P6.31
are connected to the terminals of a black box at
t = 0. The resulting current i(¢) for ¢ > 0 is known
to be 80072 uA.

a) Replace the original capacitors with an equiva-
lent capacitor and find v,(¢) for ¢ = 0.

b) Find #,(¢) for ¢ = 0.

¢) Find v,(¢) for¢ = 0.

d) How much energy is delivered to the black box
in the time interval 0 =< ¢ < c0?

¢) How much energy was initially stored in the
series capacitors?

f) How much energyis trapped inthe ideal capacitors?

g) Show that the solutions for »; and v, agree with

the answer obtained in (f).
Figure P6.31
i)
B %
» ” 1 _
t=0
SVZR2uF %
+ +
, Black
+ it box
2B5V-<8uF v
= + +
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1¢ four capacitors in the circuit in Fig. P6.32 are con-
ed across the terminals of a black box at £ = 0.
e resulting current iy, for ¢ > 0 is known to be

ip= —S5e®mA.
¥ 2(0)=-20V, 240)=-30V, and
94(0) = 250 V, find the following for ¢ = 0: (a) v,(¢),
(®) v(1), (©) velt), (D) va(2), (€) ia(¥), and () ix(1).

Figure P6.32
oy = i
Ti )g —
Ay +‘°
SUF 4=9
zoo.LF::Til v izT;:SMM.F v,| Black
+
b Ve + g
i .
I\ -
1.25 uF

6.33 For the circuit in Fig. P6.32, calculate

a) the initial energy stored in the capacitors;

b) the final energy stored in the capacitors;

c) the total energy delivered to the black box;

d) the percentage of the initial energy stored that is
delivered to the black box; and

e) the time, in milliseconds, it takes to deliver

7.5 mJ to the black box.

AL ¢ = 0, a series-connected capacitor and inductor
ile placed across the terminals of a black box, as

/éhown in Fig. P6.34. For ¢ > 0, it is known that

i, =200e 800 — 40200 mA

If v(0) = 5V find v, for ¢ = 0.

Figure P6.34
150 mH )S‘ —i°>
YYY o
- -
t=0 Black
vc ;: IOILF vo tmx

ne current in the circuit in Fig. P6.35 is known to be
_4 / i, = 26 %%(cos 1000¢ + 5 sin 1000¢) A
for t = 0*. Find v,(0*) and v»,(0").

Problems 209

Figure P6.35
AAp
- +
4 2= 100 uF /D %350 mH
i ‘
Section 6.4

636 a) Show that the differential equations derived in (a)
of Example 6.6 can be rearranged as follows:

div ... o dip . dig
4=+ 25y — 87 = 20ip = Sig — 8—5;
891 _ o0, 4+ 1672 4 803, — 162

dt . dt dt’

b) Show that the solutions for i#;, and i, given in
(b) of Example 6.6 satisfy the differential equa-
tions given in part (a) of this problem.

637 Let v, represent the voltage across the 16 H induc-

tor in the circuit in Fig. 6.25. Assume v, is positive at

the dot. As in Example 6.6,i, = 16 — 16~ A.

a) Can you find v, without having to differentiate
the expressions for the currents? Explain.

b) Derive the expression for v,,.

¢) Check your answer in (b) using the appropriate
current derivatives and inductances.

638 Let v, represent the voltage across the current
source in the circuit in Fig. 6.25. The reference for
v, is positive at the upper terminal of the current
source.
a) Find »;, as a function
ig=16 — 16e™ A
b) What is the initial value of v,?

¢) Find the expression for the power developed by
the current source.

d) How much power is the current source develop-
ing when ¢ is infinite?

¢) Calculate the power dissipated in each resistor
when ¢ is infinite.

of time when

639 There is no energy stored in the circuit in Fig. P6.39
at the time the switch is opened.

a) Derive the differential equation that governs

the behavior of 7, if I, =5H, I,=02H,
M =05H,and R, = 10 Q.
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