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4 (a) The coil-solenoid mutual inductance is
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(b) As long as the magnetic field of the solenoid is entirely contained within the cross
section of the coil we have Hue = DuCu!?!DurT2, regardless of the shape, size, or possible
lack of close-packing of the coil.
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GZRTGUU The magnetic flux through a surface is given by ,D D fCH ? ·Ñ
hh

where D
h

is

the magnetic field and fC
h

is a vector of magnitude fC that is normal to a differential area

fC. In the case where D
h

is uniform and perpendicular to the plane of the loop, .D DCH ?

In the region of the smaller loop the magnetic field produced by the larger loop may be
taken to be uniform and equal to its value at the center of the smaller loop, on the axis.

Equation 29-27, with |!?!z (taken to be much greater than T), gives
h
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kT

z
? 0
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32
#i , where

the +z direction is upward in Fig. 30-47. The area of the smaller loop is C = rt
2.

CPCN[\G (a) The magnetic flux through the smaller loop is, to a good approximation,
the product of this field and the area of the smaller loop:
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(b) The emf is given by Faraday s law:
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(c) As the smaller loop moves upward, the flux through it decreases. The induced current
will be directed so as to produce a magnetic field that is upward through the smaller loop,
in the same direction as the field of the larger loop. It will be counterclockwise as viewed
from above, in the same direction as the current in the larger loop.

NGCTP The situation in this problem is like that shown in Fig. 30-5(d). The induced
magnetic field is in the same direction as the initial magnetic field.
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Now,

N!?!N/T = 2.0 H/12 Y = 0.17 s

and = 100 V, so the above expression yields fWD/fv = 2.1 � 102 W when v = 0.10 s.

(b) From Eq. 26-22 and Eq. 30-41, the rate at which the resistor is generating thermal
energy is
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At v = 0.10 s, this yields Rthermal = 1.6 � 102 W.

(c) By energy conservation, the rate of energy being supplied to the circuit by the battery
is

!
R

battery
? R

thermal
,

fW
D

fv
? 3.7 � 102 W.

We note that this result could alternatively have been found from Eq. 28-14 (with Eq. 30-
41).
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40. (a) We assume the flux is entirely due to the field generated by the long straight wire
(which is given by Eq. 29-17). We integrate according to Eq. 30-1, not worrying about
the possibility of an overall minus sign since we are asked to find the absolute value of
the flux.

/ 2
0 0

/ 2

/ 2
| | ( ) ln .

2 2 / 2

t d

D
t d

k kc t d
c ft

t t d

,

.

,Æ Õ Æ Õ
H ? ? Ç ÖÇ Ö .È ×È ×

Ñ

When 1.5t d? , we have

!
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(4r �21.8 T · m A)(6.9A)(0.022m)

2
ln(2.0) ? 2.1� 10.8 Wb.

(b) Implementing Faraday s law involves taking a derivative of the flux in part (a), and
recognizing that /ft fv x? . The magnitude of the induced emf divided by the loop
resistance then gives the induced current:
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