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CH30: Induction and Inductance

Problems




*4 A wire loop of radius 12 cm and _ B,
resistance 8.5 (s located in a uni- £ V_\
form magnetic field B that changes -

in magnitude as given in Fig. 30-33. £ (s)

The vertical axis scale is set by B, =

0.50 T, and the horizontal axis scale =~ Fig. 30-33 Problem 4.

is set by 1, = 6.00 s. The loop’s plane

is perpendicular to B.What emf is induced in the loop during time in-
tervals (a) 0t02.0s,(b)2.0sto4.0s,and (c)4.0st0 6.0 s?

4. (a) We use £=—d®y/dt = -r*dB/dt. For0<t<2.0s:

¢<:=-'xtr2Q=-1t(O.12rn)2 95T 1 1x10%V.
dt 2.0s

(b) For2.0s<t<4.0s: g« dB/dt=0.
(c)For40s<t<6.0s:

P -n(0.12m)’ (—_O'ST
6.0s—4.0s

)= LIx107 V.
dt



*3 ssm www In Fig 3032, a
120-turn coil of radius 1.8 cm and re-
sistance 53 () is coaxial with a
solenoid of 220 turns/em and (el x [ e e e ] x [ [ ] ] e o] e [ [ )
diameter 3.2 cm. The solenoid cur-  Solenoid
rent drops from 1.5 A to zero in time

interval Ar = 25 ms. What current is ~ Fig- 30-32 Problem3.
induced in the coil during As?

3. THINK Changing the current in the solenoid changes the flux, and therefore, induces a
current in the coil.

EXPRESS Using Faraday’s law, the total induced emf is given by

do,
dt

dB d di , di
==NA| — |==NA—(u,ni)==Nund—==N un(zr*)—
( dt) dt(l‘o i) HnA— yn(zre) "

g==N

By Ohm’s law, the induced current in the coil is i, =|£|/R, where R is the resistance of
the coil.

ANALYZE Substituting the values given, we obtain

di ) 2 1.5A

=0.16V.

LEARN The direction of the induced current can be deduced from Lenz’s law, which
states that the direction of the induced current is such that the magnetic field which it
produces opposes the change in flux that induces the current.



*44 A 12 H inductor carries a current of 2.0 A. At what rate must
the current be changed to produce a 60 V emf in the inductor?

44, Since &= -L(di/dt), we may obtain the desired induced emf by setting

or |di/dt|=5.0A/s. We might, for example, uniformly reduce the current from 2.0 A to
zero in 40 ms.



«57 @ In Fig. 30-63, R =15 (), Fuse

L = 5.0 H, the ideal battery has € =

10V, and the fuse in the upper AN

branch is an ideal 3.0 A fuse. It has R

zero resistance as long as the cur- Il /
rent through it remains less than 3.0 ~ L S
A. If the current reaches 3.0 A, the L I ——

fuse “blows™ and thereafter has in-
finite resistance. Switch S is closed
at time ¢ = 0. (a) When does the
fuse blow? (Hint: Equation 30-41 does not apply. Rethink Eq.
30-39.) (b) Sketch a graph of the current i through the inductor as a
function of time. Mark the time at which the fuse blows.

Fig. 30-63 Problem 57.

57. (a) Before the fuse blows, the current through the resistor remains zero. We apply the

loop theorem to the battery-fuse-inductor loop: £ — L di/dt = 0. So i = &/L. As the fuse
blows at ¢ = #;, i = iy = 3.0 A. Thus,

{ = i,L _ (3.0A)(5.0H) _15s.
£ 10V




*63 1w At = 0, a battery is connected to a series arrangement
of a resistor and an inductor. If the inductive time constant is 37.0
ms, at what time is the rate at which energy is dissipated in the re-
sistor equal to the rate at which energy is stored in the inductor’s
magnetic field?

63. From Eq. 30-49 and Eq. 30-41, the rate at which the energy is being stored in the
inductor is

dUb’ — d(Ll- /2) =Li£=L(£(l_e“/n ))(ile-!/u J=§(l-e"”"~ )e-:/rL
dt dt dt R Rz, R

where 7; = L/R has been used. From Eq. 26-22 and Eq. 30-41, the rate at which the
resistor is generating thermal energy is

We equate this to dUp/dt, and solve for the time:

2 2

-

%(1-5’”-’ } =%(1-e-'/'r e = t=7,In2=(37.0ms)In2=25.6ms.



*68 A toroidal inductor with an inductance of 90.0 mH encloses
a volume of 0.0200 m?. If the average energy density in the toroid is
70.0 J/m?, what is the current through the inductor?

68. The magnetic energy stored in the toroid is given by U, =§Li2 , where L is its
inductance and i is the current. By Eq. 30-54, the energy is also given by Uy = ugV,

where uj is the average energy density and V is the volume. Thus

3 3
[y _ J2(70.0J/m )(0;?200m ) csan
iy 90.0x10~ H




=47 Inductors in series. Two inductors L, and L, are connected in
series and are separated by a large distance so that the magnetic

field of one cannot affect the other. (a) Show that the equivalent
inductance is given by

47. (a) Voltage is proportional to inductance (by Eq. 30-35) just as, for resistors, it is
proportional to resistance. Since the (independent) voltages for series elements add (V; +

V1), then inductances in series must add, L, =L, +L,, just as was the case for resistances.

Note that to ensure the independence of the voltage values, it is important that the
inductors not be too close together (the related topic of mutual inductance is treated in
Section 30-12). The requirement is that magnetic field lines from one inductor should not
have significant presence in any other.

. A N
(b) Just as with resistors, L, = an L.

€. =—L % (self-induced emf). (30-35)



=48 Inductors in parallel. Two inductors L, and L, are connected
in parallel and separated by a large distance so that the magnetic
field of one cannot affect the other. (a) Show that the equivalent
inductance is given by

1 1 1
L. L, L,

eq

48. (a) Voltage is proportional to inductance (by Eq. 30-35) just as, for resistors, it is
proportional to resistance. Now, the (independent) voltages for parallel elements are
equal (¥, = V,), and the currents (which are generally functions of time) add (7, (¢) + i, (¢)
i(#)). This leads to the Eq. 27-21 for resistors. We note that this condition on the
currents implies

di (1) L di; (¢) di(z)
d dt  dt

Thus, although the inductance equation Eq. 30-35 involves the rate of change of current,
as opposed to current itself, the conditions that led to the parallel resistor formula also
apply to inductors. Therefore,

Note that to ensure the independence of the voltage values, it is important that the
inductors not be too close together (the related topic of mutual inductance is treated in

Section 30-12). The requirement is that the field of one inductor not to have significant
influence (or “coupling’”) in the next.

N
(b) Just as with resistors, LL = ZLL .

(54} n=l &y



