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Key inductor relationships:

Primary v-i equation

Alternate v-i equation

Initial condition

Behavior with a constant source

Continuity requirement
Power equation

Energy equation

Series-connected equivalent

Parallel-connected equivalent
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i(t)

Ifi(r) = I,v(t) = 0 and the inductor behaves
like a short circuit

i(t) is continuous for all time so »(¢) is finite

| L di(1)
p(1) = v(0)i(1) = Li(—

w(t) = %Li(t)2

Leq - ]Z] L]
leq(tg) = i;(1y) forallj
1 i 1
Leq = L
ieq(’O) - El ij(IO)
=
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Problem #1

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

PSPICE
MULTISIM
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applied to a 500 mH inductor. _

a) Write the expressions that describein
the four intervals ¢ < 0, Q\S/t\S/:; ms, COI\('M.US'
25ms = = 50ms,and f > 50 ms. '

b) Derive the expressions for the inducto

age, power. and energy. Use the passive Sign
convention. - -

P—

Figure P6.2 /
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Solution for Problem #1

N————
a] ¢« = 0 t <0
i(mA)
i = 4tA 0<t<25ms 100
i :—4tA 25 <t < 50ms ,
25 50
i = 0 S50ms < t
di -3, :

[b] 'U:LE:-)OO)(lo (4) =2V 0<t<25ms

v =500 x 1073(—4) = -2V 25 < ¢ < 50ms

v = 0 t <0

v = 2V 0<t<25ms
v = =2V 25 <t < 50ms
v = 0 50ms < ¢
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Cont. Solution for Problem #1

p =i

p =0 t<0

p = (41)(2)=8W 0<t<25ms
p = (02—4t)(-2)=8t—-04W 25 <t < 50ms
p = 0 50ms < ¢

w = 0 t<0

w = /(8:v)d1_8 _4tJ @ 0<t<25ms

, N\
w = f (8 — 0.4) dz + 2.5 x 103
0.025 A"

t

+2.5x 1073
0.025

— 472 — 04z

— 42 04t +10x 1073 J 25 <t < 50ms

— -(I)lloq 0 / gOms<t
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Problem #2 %

6.7 The voltage at the terminals of th inductor
rserce - in Fig. P6.7(a) is shown in Fig. P6.7(b). The inductor
WOUER S current i is known to be zero for(f = 9

é) Derive the expressions for i fort = 0.
\/W
b) Sketchiversusffor() =1 = o0,

N/,

Figure P6.7
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Solution for Problem #2

[a] 0 <t <50ms:

L/ vedz +i(0) =

t

10°

700/ 0.15dz + 0

= 200z | = 200t A

0

i(0.05) = 200(0.05) = 10A

6
t > 50ms: z'—lo

= [, (0)dr+10=10A
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Cont. Solution for Problem #2

[b] i =200tA, 0<t<50ms; i =10A, ¢ > 50ms
i(A)
10 -
q -
6
4 -
t(ms)
0 T
¢ 25 30 7 100
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Problem #3

6.12 Initially there wag
inductor in the cir 1g. P6.12 when it was
placed across the terminals of the voltmeter. At

{ = 0 the inductor was switched instantaneously to
“position b where it remained for 1.6 s before returning

mstantaneously to position 2, v Arsonval volt-

ful-scale readm nd a sensitiy
of 1000 () at will the raagisfsf th voitmete
nstant (e switch returns to pOsitio

inertia of the d’ Arsonval movement is negligible?

| '\> /@

Voltmeter

-Q
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Solution for Problem #3

For 0 <t <1.6s:

L
i = é/ 3x103dz +0=0.6 x 1073¢
2J 0
ir(1.6s) = (0.6 x 107%)(1.6) = 0.96 mA

R,, = (20)(1000) = 20k

vm(1.65) = (0.96 x 1073)(20 x 101’{: 19.2V )
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Problem #4

The voltage pulse applied to the 100 mH inductor
shown in Fig. 6.5 is 0 for t < 0 and is given by the
expression

v(t) = 20te” "V v<+> il %1()0 mH
_ ot
fortiO Alsoassumet—Ofort<0 y=2

™

( Figure 6.5 A The circuit for Examp
a) SKetch the voltage as a fun functlon of time.

b) Eind the inductor current as a function of time.
¢) Sketch the current as a function of time.

- T ————————
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Solution for Problem #4

a) The voltage as a function of time is shown in

Fig. 6.6.
o(t) = 20te '™V

v(V) j
|
l\_
0 0 OI7 ()I" — ‘)
. (ﬂ W/ )

Figure 6.6 A The voltage waveform for Example 6.2.
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Cont. Solution for Problem #4

b) The current in the inductor is 0 at ¢ = 0.
Therefore, the current forf > 0 is

, 1 ' 107
1—01 20re "'dT + 0

Use integration by parts: fotu dv = uv|h — fot vdu

@1 —10te™™ —e "™ A,  t=0.

nmmmm

W) 0 0.53 1.9

¢) Figure 6.7 shows the current as a function of time.
i (A)

2_ M
1_/
| | | t(s)

0 0.1 0.2 0.3

E E2020_T1 Figure 6.7 A The current waveform for Example 6.2. 13
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Homework

6.1 The current in a 150 pH inductor is known to be
PSPICE

Mok i =25te”"™ A for t = 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 t = 5 ms.

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

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

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