
Physics 4B: Collected Homework 4

1. (Faraday’s law.) An alternating current generator is constructed from a rectangular coil
of wire, length a and width b, with N turns of wire. The coil is in a uniform magnetic
field of strength B and will be rotated with a frequency f , at constant angular speed
around the axis shown.
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••11 A rectangular coil of N turns and of length a and width b is
rotated at frequency f in a uniform magnetic field , as indicated in
Fig. 30-38. The coil is connected to co-rotating cylinders, against
which metal brushes slide to make contact. (a) Show that the emf
induced in the coil is given (as a function of time t) by

! ! 2p fNabB sin(2p f t) ! !0 sin(2p f t).

This is the principle of the commercial alternating-current gen-
erator. (b) What value of Nab gives an emf with !0 ! 150 V
when the loop is rotated at 60.0 rev/s in a uniform magnetic
field of 0.500 T?
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••15 A square wire loop with
2.00 m sides is perpendicular to a
uniform magnetic field, with half
the area of the loop in the field as
shown in Fig. 30-41. The loop con-
tains an ideal battery with emf ! !
20.0 V. If the magnitude of the
field varies with time according to
B ! 0.0420 " 0.870t, with B in tes-
las and t in seconds, what are (a)
the net emf in the circuit and (b)
the direction of the (net) current
around the loop?

••16 Figure 30-42a shows a wire that forms a rectangle 
(W ! 20 cm, H ! 30 cm) and has a resistance of 5.0 m#. Its inte-
rior is split into three equal areas, with magnetic fields , and

. The fields are uniform within each region and directly out of or
into the page as indicated. Figure 30-42b gives the change in the z
components Bz of the three fields with time t; the vertical axis scale
is set by Bs ! 4.0 mT and Bb ! "2.5Bs, and the horizontal axis scale
is set by ts ! 2.0 s. What are the (a) magnitude and (b) direction of
the current induced in the wire?

B
:

3

B
:

1, B
:

2b

a

R

Sliding contacts
B

Fig. 30-38 Problem 11.

••12 In Fig. 30-39, a wire loop of lengths L !
40.0 cm and W ! 25.0 cm lies in a magnetic 
field . What are the (a) magnitude and (b)
direction (clockwise or counterclockwise—or
“none”if 0) of the emf induced in the loop if

What are (c) ! and
(d) the direction if 
What are (e) and (f) the direction if

What are (g) and (h) the direction if
What are (i) and (j) the direction if

••13 One hundred turns of (insulated) copper wire are
wrapped around a wooden cylindrical core of cross-sectional area
1.20 $ 10 "3 m2. The two ends of the wire are connected to a resis-
tor.The total resistance in the circuit is 13.0 #. If an externally ap-
plied uniform longitudinal magnetic field in the core changes
from 1.60 T in one direction to 1.60 T in the opposite direction,
how much charge flows through a point in the circuit during the
change?

••14 In Fig. 30-40a, a uniform magnetic field increases in
magnitude with time t as given by Fig. 30-40b, where the verti-
cal axis scale is set by Bs ! 9.0 mT and the horizontal scale is
set by ts ! 3.0 s. A circular conducting loop of area 8.0 $ 10"4

m2 lies in the field, in the plane of the page. The amount of
charge q passing point A on the loop is given in Fig. 30-40c as a
function of t, with the vertical axis scale set by qs ! 6.0 mC and
the horizontal axis scale again set by ts ! 3.0 s. What is the
loop’s resistance?
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!B
:

! (8.00 $ 10 "2 T/m %s)ytk̂?
!

B
:

! (6.00 $ 10 "2 T/s)tk̂?
B
:

! (4.00 $ 10 "2 T/m)yk̂?
! !

!B
:

Fig. 30-39
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Fig. 30-40 Problem 14.
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Fig. 30-42 Problem 16.

••17 A small circular loop of area 2.00 cm2 is placed in the plane
of, and concentric with, a large circular loop of radius 1.00 m. The
current in the large loop is changed at a constant rate from 200 A
to "200 A (a change in direction) in a time of 1.00 s, starting at 
t ! 0. What is the magnitude of the magnetic field at the center
of the small loop due to the current in the large loop at (a) t ! 0,
(b) t ! 0.500 s, and (c) t ! 1.00 s? (d) From t ! 0 to t ! 1.00 s, is 
reversed? Because the inner loop is small, assume is uniform
over its area. (e) What emf is induced in the small loop at t ! 0.500 s?

••18 In Fig. 30-43, two straight
conducting rails form a right an-
gle. A conducting bar in contact
with the rails starts at the vertex
at time t ! 0 and moves with a
constant velocity of 5.20 m/s
along them. A magnetic field with
B ! 0.350 T is directed out of the
page. Calculate (a) the flux through the triangle formed by the
rails and bar at t ! 3.00 s and (b) the emf around the triangle at
that time. (c) If the emf is ! ! at n, where a and n are constants,
what is the value of n?

••19 An electric generator contains a coil of 100 turns of
wire, each forming a rectangular loop 50.0 cm by 30.0 cm. The coil
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(a) Find an expression for the emf induced in the coil as a function of time.

(b) The amplitude of the emf is to be 120 V and the frequency f = 60.0 Hz. What
value of Nab will achieve this if the magnetic field has strength 0.530 T?

(c) What is the average power delivered to the resistor in this case if R = 130 Ω?

2. Consider arrangements of n inductors, inductances L1, L2, ... Ln. Assuming that all
inductors are far enough separated that thee mutual inductance between any pair of
the inductors can be taken to be zero, find the equivalent inductance Leq of the inductor
arrangement when the inductors are

(a) all in series and

(b) all in parallel.

(c) Now consider just two inductors in series, with inductances L1 and L2, but now
they are close together on a single circuit board, so their mutual inductance is M .
In this case, what is the equivalent inductance Leq of the two inductors together?
(For the parallel case, see problem 83 in the textbook.)

3. What is the inductance of a pair of long parallel wires, each of length ` and radius R,
running side by side at separation d? (Assume d � R, meaning R is small and you
do not have to consider any magnetic field inside the wires, just the field outside of
them.) Assume that they each carry a current I, but in opposite directions. (One of
the wires is the outward path for the current and the other is the return path.)


