
Physics 4B Fall 2015 Final Test

Name:

Dec 9, 2015

Please show your work! Answer as many questions as you can, in any order. Calculators
are allowed. Books, notes, and internet connections are not allowed. Use any blank space to
answer questions, but please make sure it is clear which question your answer refers to.
DO NOT OPEN TEST BOOKLET UNTIL TOLD TO DO SO.

Maxwell’s Equations ∮
E · dA = qenc

ε0

∮
B · dA = 0∮

E · ds = − dΦB

dt

∮
B · ds = µ0 Ienc + µ0ε0

dΦE

dt

Constants

k = 1
4πε0

= 8.99× 109 Nm2C−2 ε0 = 8.854× 10−12 C2 N−1m−2 µ0 = 4π × 10−7 H/m

g = 9.807 m s−2 e = 1.602× 10−19 C c = 1√
µ0ε0

= 2.998× 108 m/s

me = 9.109× 10−31 kg mp = 1.673× 10−27 kg mn = 1.675× 10−27 kg

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(2θ) = 2 sin(θ) cos(θ)

cos(2θ) = cos2 θ − sin2 θ

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

cosα cos β = 1
2
[cos(α− β) + cos(α + β)]

sinα sin β = 1
2
[cos(α− β)− cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)]

sin
(
θ + π

2

)
= cos θ

cos
(
θ + π

2

)
= − sin θ

sec θ := 1
cos θ

csc θ := 1
sin θ

cot θ := 1
tan θ
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F = qE + q v ×B F = k q1q2
r2

r̂

E = σ
2ε0

E = σ
ε0

E = 2πkσ
(

1− x√
R2+x2

)
ΦE =

∫
E · dA ΦB =

∫
B · dA

U = q V U = kq1q2
r

∆V = −
∫
E · ds

p = qd τ = p× E U = −p · E

µ = NIA τ = µ×B U = −µ ·B

E = 1
2πε0

p
z3

B = µ0
2π

µµµ
z3

E = k q z
(R2+z2)3/2

B = µ0 I R2

2(R2+z2)3/2

F = I L×B FB

L
= µ0I1I2

2πd

B = µ0
4π

q v×r̂
r2

dB = µ0
4π

I ds×r̂
r2

B = µ0I
4πa

(sin θ1 − sin θ2)

B = µ0I
2πr

B = µ0I r
2πR2 B = µ0In

r = mv⊥
|q|B T = 2πm

|q|B p = v‖T

C = Q
∆V

C = κ ε0A
d

C = 2πε0
L

ln(b/a)
C = 4πε0

ab
b−a

L = NΦB

i
L = µ0n

2A` EL = −L di
dt

M =
N1ΦB,12

i2
=

N2ΦB,21

i1
EM,1 = −M di2

dt
∆Vs = ∆Vp

Ns

Np

U = 1
2
Q2

C
u = 1

2
ε0E

2

UB = 1
2
Li2 uB = B2

2µ0

E = dW
dq

P = dW
dt

P = I ∆V

R = ∆V
I

J = I
A

ρ = E
J

= 1
σ

R = ρL
A

ρ− ρ0 = ρ0α(T − T0)

vd = J
ne

∆VH = B I
en t

q(t) = CE(1− e−t/τC ) i(t) = E
R
e−t/τC ∆vC(t) = E(1− e−t/τC )

q(t) = Q0e
−t/τC i(t) = I0e

−t/τC ∆vC(t) = (∆V0)e−t/τC

τC = RC i(t) = E
R

(1− e−t/τL) ∆vL(t) = Ee−t/τL

τL = L
R

i(t) = I0e
−t/τL ∆vL(t) = (∆V0)e−t/τL

Id = ε0
dΦE

dt
c = fλ c = E

B

S = 1
µ0
E×B Prad = S

c
Prad = 2S

c
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1. In the diagram charges q1 = +50 nC, q2 = −30 nC, q3 = +10 nC, and q4 = +30 nC,
and d = 10 cm.

d

d

d

y

x

q

qq q1

3

2 4

(a) What is the electric field at the location of charge q3 due to the other three
charges? [5 pts]

(b) What is the force on charge q3? [3 pts]

(c) What is the electric potential at the location of charge q3 due to the other three
charges? [3 pts]

(d) How much work must be done to move q3 from very, very far away from the other
three charges up to its location in the diagram? [3 pts]
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2. An infinitely long line charge having a uniform charge per unit length λ lies a perpen-
dicular distance d from point O. Determine (and give your reasoning) the total electric
flux through the surface of a sphere of radius R centered at O resulting from this line
charge when

(a) R < d and [2 pts]

(b) R > d. [4 pts]

(c) How does the flux through the surface depend on R when as R � d, so that
d
R
→ 0? [3 pts]

 Problems 741

tered at O resulting from this line charge. Consider 
both cases, where (a) R , d and (b) R . d.

 18. Find the net electric flux through (a) the closed spheri-
cal surface in a uniform electric field shown in Figure 
P24.18a and (b) the closed cylindrical surface shown in 
Figure P24.18b. (c) What can you conclude about the 
charges, if any, inside the cylindrical surface?

a

2R

b

R

E
S

E
S

Figure P24.18

 19. A particle with charge 
Q 5 5.00 mC is located 
at the center of a cube 
of edge L 5 0.100 m. In 
addition, six other iden-
tical charged particles 
having q 5 21.00  mC 
are positioned sym-
metrically around Q as 
shown in Figure P24.19. 
Determine the electric 
flux through one face 
of the cube.

 20. A particle with charge 
Q is located at the center of a cube of edge L. In addi-
tion, six other identical charged particles q are posi-
tioned symmetrically around Q as shown in Figure 
P24.19. For each of these particles, q is a negative num-
ber. Determine the electric flux through one face of 
the cube.

 21. A particle with charge 
Q is located a small dis-
tance d immediately 
above the center of 
the flat face of a hemi-
sphere of radius R as 
shown in Figure P24.21. 
What is the electric flux 
(a) through the curved 
surface and (b) through 
the flat face as d S 0?

 22. Figure P24.22 (page 742) represents the top view of a 
cubic gaussian surface in a uniform electric field E

S
 ori-

ented parallel to the top and bottom faces of the cube. 
The field makes an angle u with side !, and the area of 
each face is A. In symbolic form, find the electric flux 
through (a) face !, (b) face ", (c) face #, (d) face $, 
and (e) the top and bottom faces of the cube. (f) What 

S
Q/C

L

L

q

q

q
q

Qq

q

L

Figure P24.19  
Problems 19 and 20.

S

Q

R

d
!

Figure P24.21

S

S

 11. Four closed surfaces, S1 
through S4, together with 
the charges 22Q , Q , and 
2Q are sketched in Figure 
P24.11. (The colored lines 
are the intersections of the 
surfaces with the page.) 
Find the electric flux 
through each surface.

 12. A charge of 170 mC is at the 
center of a cube of edge 
80.0 cm. No other charges 
are nearby. (a) Find the 
flux through each face of the cube. (b) Find the flux 
through the whole surface of the cube. (c) What If? 
Would your answers to either part (a) or part (b) change 
if the charge were not at the center? Explain.

 13. In the air over a particular region at an altitude of 
500 m above the ground, the electric field is 120 N/C 
directed downward. At 600 m above the ground, the 
electric field is 100 N/C downward. What is the average 
volume charge density in the layer of air between these 
two elevations? Is it positive or negative?

 14. A particle with charge of 12.0 mC is placed at the cen-
ter of a spherical shell of radius 22.0 cm. What is the 
total electric flux through (a) the surface of the shell 
and (b) any hemispherical surface of the shell? (c) Do 
the results depend on the radius? Explain.

 15. (a) Find the net electric 
flux through the cube 
shown in Figure P24.15. 
(b)  Can you use Gauss’s 
law to find the electric 
field on the surface of 
this cube? Explain.

 16. (a) A particle with charge 
q is located a distance 
d from an infinite plane. Determine the electric flux 
through the plane due to the charged particle. (b) What 
If? A particle with charge q is located a very small dis-
tance from the center of a very large square on the line 
perpendicular to the square and going through its cen-
ter. Determine the approximate electric flux through 
the square due to the charged particle. (c) How do the 
answers to parts (a) and (b) compare? Explain.

 17. An infinitely long line charge having a uniform charge 
per unit length l lies a distance d from point O as 
shown in Figure P24.17. Determine the total electric 
flux through the surface of a sphere of radius R cen-

S
W

Q/C

Q/C

"8.00 nC
!3.00 nC

Figure P24.15

Q/C

S
Q/C

S

S1

S3

S2

S4
"2Q

!Q

"Q

Figure P24.11

d

R
O

l

Figure P24.17
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3. A proton of kinetic energy 4.80 MeV travels head-on toward a stationary lead nucleus.
The atomic number of lead is 82. Assuming that the proton does not penetrate the
nucleus, that the only force between proton and nucleus is the Coulomb force, and
that since the lead nucleus is so much more massive than the proton its recoil will be
negligible,

(a) calculate the smallest center-to-center separation dp between proton and nucleus
when the proton momentarily stops. [6 pts]

(b) If the proton were replaced with an alpha particle (which contains two protons) of
the same initial kinetic energy, the alpha particle would stop at center-to-center
separation da. What is da/dp? [3 pts]
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4. A common flashlight bulb is rated at 0.45 A and 3.6 V (the values of the current
and voltage under operating conditions, in other words, when the bulb is on and
warmed up). If the resistance of the tungsten bulb filament at room temperature
(20◦C) is 1.4 Ω, what is the temperature of the filament when the bulb is on? (Tungsten
has a temperature coefficient of resistivity, α = 4.5 × 10−3 K−1 and a resistivity of
ρ = 5.25× 10−8 Ωm at room temperature.) [6 pts]
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5. In the circuit shown, the switch S has been open for a long time. It is then suddenly
closed. The resistors are of equal value R1 = R2 = R, the emf of the battery is E , and
the capacitor has capacitance C. Determine the time constant

862 Chapter 28 Direct-Current Circuits

 44. Show that the integral e`

0  e22t/RC dt in Example 28.11 
has the value 1

2 RC.

 45. A charged capacitor is connected to a resistor and switch 
as in Figure P28.45. The circuit has a time constant of 
1.50 s. Soon after the switch is closed, the charge on the 
capacitor is 75.0% of its initial charge. (a) Find the time 
interval required for the capacitor to reach this charge. 
(b) If R 5 250 kV, what is the value of C?

C R

S
Q+

–Q

Figure P28.45

Section 28.5 Household Wiring and Electrical Safety

 46. An electric heater is rated at 1.50 3 103 W, a toaster 
at 750 W, and an electric grill at 1.00 3 103 W. The 
three appliances are connected to a common 120-V 
household circuit. (a) How much current does each 
draw? (b) If the circuit is protected with a 25.0-A cir-
cuit breaker, will the circuit breaker be tripped in this 
situation? Explain your answer.

 47. A heating element in a stove is designed to receive  
3 000 W when connected to 240 V. (a) Assuming the 
resistance is constant, calculate the current in the heat-
ing element if it is connected to 120 V. (b) Calculate 
the power it receives at that voltage.

 48. Turn on your desk lamp. Pick up the cord, with your 
thumb and index finger spanning the width of the 
cord. (a) Compute an order-of-magnitude estimate 
for the current in your hand. Assume the conductor 
inside the lamp cord next to your thumb is at poten-
tial , 102 V at a typical instant and the conductor 
next to your index finger is at ground potential (0 V). 
The resistance of your hand depends strongly on the 
thickness and the moisture content of the outer lay-
ers of your skin. Assume the resistance of your hand 
between fingertip and thumb tip is , 104 V. You may 
model the cord as having rubber insulation. State the 
other quantities you measure or estimate and their val-
ues. Explain your reasoning. (b) Suppose your body is 
isolated from any other charges or currents. In order-
of-magnitude terms, estimate the potential difference 
between your thumb where it contacts the cord and 
your finger where it touches the cord.

S

M
Q/C

M

 38. Consider a series RC circuit as in Figure P28.38 for 
which R  5 1.00 MV, C 5 5.00 mF, and e 5 30.0 V. 
Find (a) the time constant of the circuit and (b) the 
maximum charge on the capacitor after the switch is 
thrown closed. (c) Find the current in the resistor 10.0 s  
after the switch is closed.

C R

S

! "
e

Figure P28.38  
Problems 38, 67, and 68.

 39. A 2.00-nF capacitor with an initial charge of 5.10 mC 
is discharged through a 1.30-kV resistor. (a) Calcu-
late the current in the resistor 9.00 ms after the resis-
tor is connected across the terminals of the capacitor.  
(b) What charge remains on the capacitor after 8.00 ms?  
(c) What is the maximum current in the resistor?

 40. A 10.0-mF capacitor is charged by a 10.0-V battery 
through a resistance R. The capacitor reaches a poten-
tial difference of 4.00 V in a time interval of 3.00 s after 
charging begins. Find R.

 41. In the circuit of Figure P28.41, the switch S has been 
open for a long time. It is then suddenly closed. Take  
e 5 10.0 V, R1 5 50.0 kV, R2 5 100 kV, and C 5 10.0 mF.  
Determine the time constant (a) before the switch is 
closed and (b)  after the switch is closed. (c) Let the 
switch be closed at t 5 0. Determine the current in the 
switch as a function of time.

R1

R2

C
S!

"
e

Figure P28.41 Problems 41 and 42.

 42. In the circuit of Figure P28.41, the switch S has been 
open for a long time. It is then suddenly closed. Deter-
mine the time constant (a) before the switch is closed 
and (b) after the switch is closed. (c) Let the switch be 
closed at t 5 0. Determine the current in the switch as 
a function of time.

 43. The circuit in Figure P28.43 has been connected for a 
long time. (a) What is the potential difference across 
the capacitor? (b) If the battery is disconnected from 
the circuit, over what time interval does the capacitor 
discharge to one-tenth its initial voltage?

W

W

W

S

M

m

10.0 V

1.00 # 8.00 #

2.00 #4.00 #

1.00 F

!

"

Figure P28.43

(a) before the switch is closed τ1 and [2 pts]

(b) after the switch is closed, τ2. [2 pts]

(c) Let capacitor be initially charged and the switch be closed at t = 0. Determine
the current in the switch as a function of time. [5 pts]

(d) Suppose the switch is closed at time t = 0 and opened at 5τ1, then closed again
at 10τ1, then opened at time 15τ1. Sketch a plot of the potential difference across
the capacitor with time. Your time axis should go to 20τ1. [4 pts]
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6. A solenoid with N turns has a radius R and an overall length of `.

(a) What is its inductance? [2 pts]

(b) When a current i flows in the solenoid, what is the magnetic flux through each
turn of the solenoid? [3 pts]

(c) The diagram shows a cross-sectional view of the magnetic field inside the solenoid
looking down its length. The current in the solenoid varies as i(t) = at2 + b. Find
an expression for the electric field at point P1. [5 pts]

(d) Find an expression for the electric field at point P2. [4 pts]

(e) If a and b are both positive numbers, what directions will the electric field have
at points P1 and P2? [2 pts]

 Problems 963

 36. A rectangular coil with resistance R has N turns, each 
of length , and width w as shown in Figure P31.36. The 
coil moves into a uniform magnetic field B

S
 with con-

stant  velocity vS. What are the magnitude and direction 
of the total magnetic force on the coil (a) as it enters 
the magnetic field, (b) as it moves within the field, and 
(c) as it leaves the field?

w

!

Bin
S

vS

Figure P31.36

 37. Two parallel rails with negligible resistance are 10.0 cm  
apart and are connected by a resistor of resistance  
R 3 5 5.00 V. The circuit also contains two metal rods 
having resistances of R 1 5 10.0 V and R 2 5 15.0 V slid-
ing along the rails (Fig. P31.37). The rods are pulled 
away from the resistor at constant speeds of v1 5  
4.00 m/s and v2 5 2.00 m/s, respectively. A uniform 
magnetic field of magnitude B 5 0.010 0 T is applied 
perpendicular to the plane of the rails. Determine the 
current in R 3.

R3

R2R1

Bin
S

v2
Sv1

S

Figure P31.37

 38. An astronaut is connected to her spacecraft by a 
25.0-m-long tether cord as she and the spacecraft 
orbit the Earth in a circular path at a speed of 7.80 3  
103 m/s. At one instant, the emf between the ends 
of a wire embedded in the cord is measured to be  
1.17 V. Assume the long dimension of the cord is per-
pendicular to the Earth’s magnetic field at that instant. 
Assume also the tether’s center of mass moves with a 
velocity perpendicular to the Earth’s magnetic field. 
(a) What is the magnitude of the Earth’s field at this 
location? (b) Does the emf change as the system moves 
from one location to another? Explain. (c) Provide two 
conditions under which the emf would be zero even 
though the magnetic field is not zero.

Section 31.4  Induced emf and Electric Fields

 39. Within the green dashed circle shown in Figure P31.39, 
the magnetic field changes with time according to the 
expression B 5 2.00t 3 2 4.00t 2 1 0.800, where B is 
in teslas, t is in seconds, and R 5 2.50 cm. When t 5  
2.00 s, calculate (a) the magnitude and (b) the direc-

S

Q/C

tion of the force exerted on an electron located at 
point P1, which is at a distance r1 5 5.00 cm from the 
center of the circular field region. (c) At what instant is 
this force equal to zero?

R

r1r2
P1

P2

Bin
S

Figure P31.39 Problems 39 and 40.

 40. A magnetic field directed into the page changes with 
time according to B 5 0.030 0t2 1 1.40, where B is 
in teslas and t is in seconds. The field has a circular 
cross section of radius R 5 2.50 cm (see Fig. P31.39).  
When t 5 3.00 s and r2 5 0.020 0 m, what are (a) the 
magnitude and (b) the direction of the electric field at 
point P2?

 41. A long solenoid with 1.00 3 103 turns per meter and 
radius 2.00 cm carries an oscillating current I 5  
5.00 sin 100pt, where I is in amperes and t is in sec-
onds. (a) What is the electric field induced at a radius 
r 5 1.00 cm from the axis of the solenoid? (b) What is 
the direction of this electric field when the current is 
increasing counterclockwise in the solenoid?

Section 31.5  Generators and Motors

Problems 50 and 68 in Chapter 29 can be assigned with 
this section.

 42. A 100-turn square coil of side  
20.0 cm rotates about a verti-
cal axis at 1.50 3 103 rev/min 
as indicated in Figure P31.42. 
The horizontal component of 
the Earth’s magnetic field at the 
coil’s location is equal to 2.00 3 
1025  T. (a) Calculate the maxi-
mum emf induced in the coil by 
this field. (b) What is the orien-
tation of the coil with respect 
to the magnetic field when the 
maximum emf occurs?

 43. A generator produces 24.0 V when turning at  
900 rev/min. What emf does it produce when turning 
at 500 rev/min?

 44. Figure P31.44 (page 964) is a graph of the induced emf 
versus time for a coil of N turns rotating with angular 
speed v in a uniform magnetic field directed perpen-
dicular to the coil’s axis of rotation. What If? Copy this 
sketch (on a larger scale) and on the same set of axes 
show the graph of emf versus t (a)  if the number of 
turns in the coil is doubled, (b) if instead the angular 

M

20.0 cm

20.0 cm

ω

Figure P31.42

Q/C
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7. A bar of mass m that can slide without friction on a pair of rails separated by a distance
` and located on an inclined plane that makes an angle θ with respect to the ground.
The resistance of the resistor is R and a uniform magnetic field of magnitude B is
directed downward, perpendicular to the ground, over the entire region through which
the bar moves.

962 Chapter 31 Faraday’s Law

the disk is 0.400 m. Find the emf generated between 
the brushes. When superconducting coils are used to 
produce a large magnetic field, a homopolar generator 
can have a power output of several megawatts. Such a 
generator is useful, for example, in purifying metals by 
electrolysis. If a voltage is applied to the output termi-
nals of the generator, it runs in reverse as a homopolar 
motor capable of providing great torque, useful in ship 
propulsion.

 34. A conducting bar of length , moves to the right on two 
frictionless rails as shown in Figure P31.34. A uniform 
magnetic field directed into the page has a magnitude 
of 0.300 T. Assume R 5 9.00 V and , 5 0.350 m. (a) At 
what constant speed should the bar move to produce 
an 8.50-mA current in the resistor? (b) What is the 
direction of the induced current? (c) At what rate is 
energy delivered to the resistor? (d) Explain the origin 
of the energy being delivered to the resistor.

R !

Bin
S

vS

Figure P31.34

 35. Review. After removing one string while restringing 
his acoustic guitar, a student is distracted by a video 
game. His experimentalist roommate notices his inat-
tention and attaches one end of the string, of linear 
density m 5 3.00 3 1023 kg/m, to a rigid support. The 
other end passes over a pulley, a distance , 5 64.0 cm 
from the fixed end, and an object of mass m 5 27.2 kg 
is attached to the hanging end of the string. The room-
mate places a magnet across the string as shown in 
Figure P31.35. The magnet does not touch the string, 
but produces a uniform field of 4.50 mT over a 2.00-cm  
length of the string and negligible field elsewhere. 
Strumming the string sets it vibrating vertically at its 
fundamental (lowest) frequency. The section of the 
string in the magnetic field moves perpendicular to 
the field with a uniform amplitude of 1.50 cm. Find 
(a) the frequency and (b) the amplitude of the emf 
induced between the ends of the string.

Q/C

AMT

motional emf developed between the top and bottom 
of the antenna varies with the speed and direction of 
the automobile’s travel and has a maximum value of 
4.50 mV.

 31. Review. Figure P31.31 shows a bar of mass m 5 0.200 kg  
that can slide without friction on a pair of rails sepa-
rated by a distance , 5 1.20 m and located on an 
inclined plane that makes an angle u 5 25.08 with 
respect to the ground. The resistance of the resistor is 
R 5 1.00 V and a uniform magnetic field of magnitude 
B 5 0.500 T is directed downward, perpendicular to 
the ground, over the entire region through which the 
bar moves. With what constant speed v does the bar 
slide along the rails?

u

m

R

,

B
S

vS

Figure P31.31 Problems 31 and 32.

 32. Review. Figure P31.31 shows a bar of mass m that can 
slide without friction on a pair of rails separated by a 
distance , and located on an inclined plane that makes 
an angle u with respect to the ground. The resistance 
of the resistor is R, and a uniform magnetic field of 
magnitude B is directed downward, perpendicular to 
the ground, over the entire region through which the 
bar moves. With what constant speed v does the bar 
slide along the rails?

 33. The homopolar generator, also called the Faraday disk, is a 
low-voltage, high-current electric generator. It consists 
of a rotating conducting disk with one stationary brush 
(a sliding electrical contact) at its axle and another at a 
point on its circumference as shown in Figure P31.33. 
A uniform magnetic field is applied perpendicular to 
the plane of the disk. Assume the field is 0.900 T, the 
angular speed is 3.20 3 103 rev/min, and the radius of 

AMT

S

M

B
S

Figure P31.33

N

m

S
!

Figure P31.35

(a) The rod will come to equilibrium and slide down the rails at a constant speed.
When it is moving at constant speed, what current flows in the loop? [5 pts]

(b) What is the direction of the current flow? (Describe it or label it clearly on the
diagram.) [1 pt]

(c) At what speed v does the bar slide along the rails? [5 pts]
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8. A step-up transformer is designed to have an output voltage of 1800 V (rms) when the
primary is connected across a 120-V (rms) source.

(a) If the primary winding has exactly 60 turns, how many turns are required on the
secondary? [3 pts]

(b) If a load resistor across the secondary has a resistance 1.2 kΩ and so draws a
current of 1.50 A, what is the current in the primary, assuming ideal condi-
tions? [3 pts]

(c) What is the effective equivalent resistance on the primary side? [3 pts]

(d) If the transformer actually has an efficiency of 95.0%, what is the current in the
primary when the secondary current is 1.50 A? [3 pts]
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9. The diagram shows a capacitor composed of two circular plates of radius R connected
to very long straight wires, carrying current i.

86732-4 DI S PLACE M E NT CU R R E NT
PART 3

becomes

(32-14)

Comparing Eqs. 32-13 and 32-14, we see that the real current i charging the
capacitor and the fictitious displacement current id between the plates have the
same magnitude:

id ! i (displacement current in a capacitor). (32-15)

Thus, we can consider the fictitious displacement current id to be simply a con-
tinuation of the real current i from one plate, across the capacitor gap, to the
other plate. Because the electric field is uniformly spread over the plates, the
same is true of this fictitious displacement current id, as suggested by the spread
of current arrows in Fig. 32-7b.Although no charge actually moves across the gap
between the plates, the idea of the fictitious current id can help us to quickly find
the direction and magnitude of an induced magnetic field, as follows.

Finding the Induced Magnetic Field
In Chapter 29 we found the direction of the magnetic field produced by a real
current i by using the right-hand rule of Fig. 29-4. We can apply the same rule to
find the direction of an induced magnetic field produced by a fictitious displace-
ment current id, as is shown in the center of Fig. 32-7c for a capacitor.

We can also use id to find the magnitude of the magnetic field induced by
a charging capacitor with parallel circular plates of radius R. We simply consider
the space between the plates to be an imaginary circular wire of radius R carrying
the imaginary current id. Then, from Eq. 29-20, the magnitude of the magnetic

id ! "0
d#E

dt
! "0

d(EA)
dt

! "0A
dE
dt

.

Fig. 32-7 (a) Before and (d) after 
the plates are charged, there is no 
magnetic field. (b) During the charging,
magnetic field is created by both the real
current and the (fictional) displacement
current. (c) The same right-hand rule
works for both currents to give the direc-
tion of the magnetic field.

(b)

(c)

id

–

BB

+ –

i

i i

+

i

(d) –+

(a)

B

BB B

Before charging, there
is no magnetic field.

After charging, there
is no magnetic field.

During charging, magnetic 
field is created by both 
the real and fictional currents. 

During charging, the 
right-hand rule works for both 
the real and fictional currents.
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1 2

(a) Evaluate
∮
B · ds for the two paths 1 and 2 (and flat circular surfaces enclosed

by each path) shown, and show that it is the same for both paths. Assume that
both paths have the same radius r and that r > R. [6 pts]

(b) Find an expression for
∮
B · ds for path 2 when r < R. Show your work! [4 pts]
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