
Chapter 28
Magnetic Fields



A Brief History of Magnetism

13th century BC 

▪ Chinese used a compass 
▪ Uses a magnetic needle 
▪ Probably an invention of Arabic or Indian origin 

800 BC 

▪ Greeks 
▪ Discovered magnetite (Fe3O4) attracts pieces of iron
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A Brief History of Magnetism, cont.

1269 

▪ Pierre de Maricourt found that the direction of a needle near a spherical 
natural magnet formed lines that encircled the sphere . 

▪ The lines also passed through two points diametrically opposed to each 
other. 

▪ He called the points poles 

1600 

▪ William Gilbert 
▪ Expanded experiments with magnetism to a variety of materials 
▪ Suggested the Earth itself was a large permanent magnet
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A Brief History of Magnetism, final

1750 

▪ Experimenters showed that magnetic poles exert attractive or repulsive 
forces on each other. 

1819 

▪ Found an electric current deflected a compass needle 

1820’s 

▪ Faraday and Henry 
▪ Further connections between electricity and magnetism 
▪ A changing magnetic field creates an electric field. 

▪ Maxwell 
▪ A changing electric field produces a magnetic field.
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Hans Christian Oersted

1777 – 1851 

Discovered the relationship between 
electricity and magnetism 

An electric current in a wire deflected a 
nearby compass needle 

The first evidence of the connection 
between electric and magnetic 
phenomena 

Also the first to prepare pure aluminum
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Magnetic Poles

Every magnet, regardless of its shape, has two poles. 

▪ Called north and south poles 

▪ Poles exert forces on one another 
▪ Similar to the way electric charges exert forces on each other 
▪ Like poles repel each other 
▪ N-N or S-S 

▪ Unlike poles attract each other 
▪ N-S 
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Magnetic Poles, cont.

The poles received their names due to the way a magnet behaves in the Earth’s 
magnetic field. 

If a bar magnet is suspended so that it can move freely, it will rotate. 

▪ The magnetic north pole points toward the Earth’s north geographic pole. 
▪ This means the Earth’s north geographic pole is a magnetic south pole. 
▪ Similarly, the Earth’s south geographic pole is a magnetic north pole.
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Magnetic Poles, final

The force between two poles varies as the inverse square of the distance 
between them. 
A single magnetic pole has never been isolated. 

▪ In other words, magnetic poles are always found in pairs. 

▪ All attempts so far to detect an isolated magnetic pole has been 
unsuccessful. 
▪ No matter how many times a permanent magnetic is cut in two, each piece always 

has a north and south pole.
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Concept-Check Question

If you cut a bar magnet in half, how many poles does each piece have? 
A) One pole each 
B) Two poles each  
C) No poles 
D) Depends on where you cut 
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Magnetic Fields

Reminder: an electric field surrounds any electric charge 

The region of space surrounding any moving electric charge also contains a 
magnetic field. 

A magnetic field also surrounds a magnetic substance making up a permanent 
magnet.
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Magnetic Fields, cont.

A vector quantity 

Symbolized by  

Direction is given by the direction a north pole of a compass needle points in that 
location 

Magnetic field lines can be used to show how the field lines, as traced out by a 
compass, would look.

B
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Magnetic Field Lines, Bar Magnet Example

The compass can be used to trace the 
field lines. 

The lines outside the magnet point from 
the North pole to the South pole.
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Concept-Check Question

Outside a bar magnet, magnetic field lines point: 
A) From south to north 
B) From north to south  
C) In circles around the magnet 
D) Randomly 
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Magnetic Field Lines, Bar Magnet

Iron filings are used to show the pattern 
of the electric field lines. 

The direction of the field is the direction 
a north pole would point.
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Magnetic Field Lines, Opposite Poles

Iron filings are used to show the pattern 
of the electric field lines. 

The direction of the field is the direction 
a north pole would point. 

▪ Compare to the electric field 
produced by an electric dipole
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Magnetic Field Lines, Like Poles

Iron filings are used to show the pattern 
of the electric field lines. 

The direction of the field is the direction 
a north pole would point. 

▪ Compare to the electric field 
produced by like charges
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Earth’s Magnetic Poles

More proper terminology would be that a magnet has “north-seeking” and “south-
seeking” poles. 

The north-seeking pole points to the north geographic pole. 

▪ This would correspond to the Earth’s south magnetic pole. 

The south-seeking pole points to the south geographic pole. 

▪ This would correspond to the Earth’s north magnetic pole. 

The configuration of the Earth’s magnetic field is very much like the one that 
would be achieved by burying a gigantic bar magnet deep in the Earth’s interior. 
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Earth’s Magnetic Field

The source of the Earth’s magnetic field 
is likely convection currents in the 
Earth’s core. 

There is strong evidence that the 
magnitude of a planet’s magnetic field 
is related to its rate of rotation. 

The direction of the Earth’s magnetic 
field reverses periodically.
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Definition of Magnetic Field

The magnetic field at some point in space can be defined in terms of the magnetic 
force, .  

The magnetic force will be exerted on a charged particle moving with a velocity, .  

▪ Assume (for now) there are no gravitational or electric fields present.

FB

v
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Concept-Check Question

A positive charge is stationary in a magnetic field. What is the magnetic force on 
it? 
A) Depends on field strength 
B) Depends on field direction 
C) Zero  
D) Always toward north pole 
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Properties of a Force on a Charge Moving in a Magnetic Field

The magnitude  of the magnetic force exerted on the particle is proportional to 
the charge, , and to the speed, , of the particle. 

When a charged particle moves parallel to the magnetic field vector, the 
magnetic force acting on the particle is zero. 
When the particle’s velocity vector makes any angle  with the field, the force 
acts in a direction perpendicular to the plane formed by the velocity and the field.  

The magnetic force exerted on a positive charge is in the direction opposite the 
direction of the magnetic force exerted on a negative charge moving in the same 
direction. 

The magnitude of the magnetic force is proportional to , where  is the angle 
the particle’s velocity makes with the direction of the magnetic field.

FB
q v

θ ≠ 0

sin θ θ
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More About Direction
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Force on a Charge Moving in a Magnetic Field, Formula

The properties can be summarized in a vector equation: 

 

▪  is the magnetic force 

▪  is the charge 

▪  is the velocity of the moving charge 

▪  is the magnetic field

FB = q v × B

FB

q

v

B
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̂i × ̂i = ̂j × ̂j = k̂ × k̂ = 0

̂i × ̂j = k̂
̂j × k̂ = ̂i

k̂ × ̂i = ̂j

̂j × ̂i = − k̂
k̂ × ̂j = − ̂i
̂i × k̂ = − ̂j

A × B =

̂i ̂j k̂
Ax Ay Az

Bx By Bz

=
Ay Az

By Bz

̂i −
Ax Az

Bx Bz

̂j +
Ax Ay

Bx By
k̂

A × B = (AyBz − AzBy) ̂i − (AxBz − AzBx) ̂j + (AxBy − AyBx) k̂



Direction: Right-Hand Rule #1

This rule is based on the right-hand rule 
for the cross product. 

Your thumb is in the direction of the 
force if  is positive. 

The force is in the opposite direction of 
your thumb if  is negative.

q

q
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Direction: Right-Hand Rule #2

Alternative to Rule #1 

The force on a positive charge extends 
outward from the palm. 

The advantage of this rule is that the 
force on the charge is in the direction 
you would push on something with your 
hand. 

The force on a negative charge is in the 
opposite direction.
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More About Magnitude of F

The magnitude of the magnetic force on a charged particle is .

▪  is the smaller angle between  and  

▪  is zero when the field and velocity are parallel or antiparallel 

▪  or 

▪  is a maximum when the field and velocity are perpendicular 
▪

FB = |q |vB sin θ
θ v B

FB
θ = 0 180∘

FB
θ = 90∘
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Concept-Check Question

A proton moves east in a magnetic field pointing north. The magnetic force on the 
proton points: 
A) North 
B) East 
C) Upward  
D) Downward 
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Differences Between Electric and Magnetic Fields
Direction of force 

▪ The electric force acts along the direction of the electric field. 

▪ The magnetic force acts perpendicular to the magnetic field. 
Motion 

▪ The electric force acts on a charged particle regardless of whether the particle is 
moving. 

▪ The magnetic force acts on a charged particle only when the particle is in motion. 

Work 

▪ The electric force does work in displacing a charged particle. 

▪ The magnetic force associated with a steady magnetic field does no work when 
a particle is displaced. 
▪ This is because the force is perpendicular to the displacement of its point of application.

Section  28.1



Work in Fields, cont.

The kinetic energy of a charged particle moving through a magnetic field cannot 
be altered by the magnetic field alone. 

When a charged particle moves with a given velocity through a magnetic field, 
the field can alter the direction of the velocity, but not the speed or the kinetic 
energy.
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Concept-Check Question

A magnetic field can change a charged particle's: 
A) Speed 
B) Kinetic energy 
C) Direction of motion  
D) Charge 
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Units of Magnetic Field

The SI unit of magnetic field is the tesla ( ). 

 

▪  is a weber 

A non-SI commonly used unit is a gauss ( ). 

▪

T

T =
Wb
m2

=
N

C ⋅ m/s
=

N
A ⋅ m

Wb
G

1 T = 104 G
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An electron moves through space as a cosmic ray with a speed of  along the  axis. At its 
location, the magnetic field of the Earth has a magnitude of  , and is directed at an angle of  to 
the  axis, lying in the  plane. Calculate the magnetic force on the electron.

8.0 × 106 m/s x
0.050 mT 60∘

x xy

Example 28.01: An Electron Moving in a Magnetic Field

FB = |q |vB sin θ
= (1.6 × 10−19C) (8.0 × 106 m /s) (5.0 × 10−5 T) (sin 60∘)
= 5.5 × 10−17 N

Section  28.1
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ANALYSIS MODEL Particle in a Field (Magnetic)

Imagine some source (which we 
will investigate later) establishes 
a magnetic field B

S
 throughout 

space. Now imagine a particle 
with charge q is placed in that 
field. The particle interacts with 
the magnetic field so that the 
particle experiences a magnetic 
force given!by

 F
S

B 5 q vS 3 B
S

 (28.1)

Examples:

 � an ion moves in a circular path in the magnetic field of a 
mass spectrometer (Section 28.3)

 � a current exists in a conducting bar when it is moved in a 
magnetic field (Chapter 30)

 � a coil in a motor rotates in response to the magnetic field 
in the motor (Chapter 30)

 � in a bubble chamber, particles created in collisions follow 
curved paths in a magnetic field, allowing the particles to 
be identified (Chapter 44)

z

x

y
B
S

S
FB ! q v " B
S

q

vS

S

 Example 28.1    An Electron Moving in a Magnetic Field

An electron moves through space as a cosmic ray (see page!752) 
with a speed of 8.0 3 106 m/s along the x axis (Fig. 28.6).  
At its location, the magnetic field of the Earth has a magni-
tude of 0.050 mT, and is directed at an angle of 608 to the 
x!axis, lying in the xy plane. Calculate the magnetic force on 
the electron.

S O L U T I O N

Conceptualize Recall that the magnetic force on a charged parti-
cle is perpendicular to the plane formed by the velocity and mag-
netic field vectors. Use one of the right-hand rules in Figure 28.5 
to convince yourself that the direction of the force on the elec-
tron is downward, in the 2z direction in Figure 28.6.

Categorize We evaluate the magnetic force using the magnetic version of the particle in a field model.

Analyze Use Equation 28.2 to find the magnitude of the  FB 5 |q |vB sin � 
magnetic force:

5 (1.6 3 10219 C)(8.0 3 106 m/s)(5.0 3 1025 T)(sin 608)

5  5.5 3 10217 N

Finalize For practice using the vector product, evaluate this force in vector notation using Equation 28.1. The magnitude of 
the magnetic force may seem small to you, but remember that it is acting on a very small particle, the electron. To convince 
yourself that this is a substantial force for an electron, calculate the initial acceleration of the electron due to this force.

z

x

60!
y

FB
S

B
S

"e

vS

Figure 28.6  (Example 28.1) 
The magnetic force F

S
B acting 

on the electron is in the nega-
tive z direction when vS and B

S
 

lie in the xy plane.

   28.2    Motion of a Charged Particle in a Uniform 
Magnetic Field
In Figure 28.4b, we show two charged particles in a uniform magnetic field at an 
instant of time. The dashed lines suggest the subsequent motion of the two parti-
cles in response to the magnetic force on them. In this section, we investigate more 
details about this motion and the paths followed by the particles.

Before we continue our discussion, some explanation of the notation used in this 
book is in order. To indicate the direction of B

S
 in illustrations, we sometimes pre sent 

perspective views such as those in Figure 28.6. If B
S

 lies in the plane of the page or is 
present in a perspective drawing, we use green vectors or green field lines with arrow-
heads. In nonperspective illustrations, we depict a magnetic field perpendicular 
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Find the direction of the magnetic field acting on a positively charged particle moving in the various situations 
shown in the figure if the direction of the magnetic force acting on it is as indicated.

Problem 28.03:

(a) into the page

(b) toward the right

(c) toward the bottom of the page

Section  28.1
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Think–Pair–Share
See the Preface for an explanation of the icons used in this problems set. 
For additional assessment items for this section, go to 

1. Your team is working for a spring manufacturing company. 
The team has been asked to design a new method of mea-
suring the spring constant of a spring. Together, you have 
come up with the design shown in Figure TP28.1. Part (a) 
of the figure shows a side view of a conducting loop of area 
A 5 ab. The loop is pivoted at O. The center point of the left 
side of the loop is attached to the upper end of a spring of 
force constant k. The lower end of the spring is attached to a 
rigid support. The loop is in a magnetic field of magnitude 
B directed toward the right. When a current I exists in the 

loop, the loop rotates to a new equilibrium position at angle 
�, as shown in part (b) of Figure TP28.1. Find an expression 
for the spring constant k of the spring. Assume the rotation 
of the loop is small enough that the spring remains essen-
tially vertical.

2. ACTIVITY  Your group has just completed taking data for a 
Hall voltage experiment in your physics laboratory, using 
the setup shown in Figure 28.27. The following table shows 
the measurements. If the measurements were taken with a 
current of 0.200 A, and the sample is made from a material 
having a charge-carrier density of 1.00 3 1026 carriers/m3, 
what is the thickness of the sample?

B (T) DVH (mV)

0.00 0
0.10 11.0
0.20 19.0
0.30 28.0
0.40 42.0
0.50 50.0
0.60 61.0
0.70 68.0
0.80 79.0
0.90 90.0
1.00 102

b
2

a b

O

I
k

k

B
S B

S

u

Figure TP28.1

Problems
See the Preface for an explanation of the icons used in this problems set. 
For additional assessment items for this section, go to 

SECTION 28.1 Analysis Model: Particle in a Field (Magnetic)

Problems 1–2 and 4 in Chapter 11 can be assigned with this 
section as review for the vector product.

1. At the equator, near the surface of the Earth, the mag-
netic field is approximately 50.0 �T northward, and the 
electric field is about 100 N/C downward in fair weather. 
Find the gravitational, electric, and magnetic forces on an 
electron in this environment, assuming that the electron 
has an instantaneous velocity of 6.00 3 106 m/s directed to 
the!east.

2. Consider an electron near the Earth’s equator. In which 
direction does it tend to deflect if its velocity is (a) directed 
downward? (b) Directed northward? (c) Directed westward? 
(d) Directed southeastward?

3. Find the direction of the magnetic field acting on a posi-
tively charged particle moving in the various situations 
shown in Figure P28.3 if the direction of the magnetic force 
acting on it is as indicated.

4. A proton moving at 4.00 3 106 m/s through a magnetic field 
of magnitude 1.70 T experiences a magnetic force of magni-
tude 8.20 3 10213 N. What is the angle between the proton’s 
velocity and the field?

5. A proton travels with a speed of 5.02 3 106 m/s in a direc-
tion that makes an angle of 60.08 with the direction of a 
magnetic field of magnitude 0.180 T in the positive x direc-
tion. What are the magnitudes of (a) the magnetic force on 
the proton and (b) the proton’s acceleration?

6. A laboratory electromagnet produces a magnetic field of 
magnitude 1.50 T. A proton moves through this field with 
a speed of 6.00 3 106 m/s. (a) Find the magnitude of the 

T

 (out)

 (in)

FB
S

FB
S

FB
S

vS vS

vS

a b c

Figure P28.3

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



A proton moving at  through a magnetic field of magnitude  experiences a magnetic 
force of magnitude . What is the angle between the proton's velocity and the field?

4.00 × 106 m/s 1.70 T
8.20 × 10−13 N

Problem 28.04:

Section  28.1

The magnitude of the force on a moving charge in a magnetic field


, So 




 

FB = qvB sin θ

θ = sin−1 [ FB

qvB ]
θ = sin−1 [ 8.20 × 10−13 N

(1.60 × 10−19C) (4.00 × 106 m /s)(1.70 T) ]
= 48.9∘ or 131∘



Notation Notes

When vectors are perpendicular to the 
page, dots and crosses are used. 

▪ The dots represent the arrows 
coming out of the page. 

▪ The crosses represent the arrows 
going into the page. 

The same notation applies to other 
vectors.
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Charged Particle in a Magnetic Field

Consider a particle moving in an 
external magnetic field with its velocity 
perpendicular to the field. 
The force is always directed toward the 
center of the circular path. 
The magnetic force causes a 
centripetal acceleration, changing the 
direction of the velocity of the particle.
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Force on a Charged Particle

Use the particle under a net force and a particle in uniform circular motion 
models. 

Equating the magnetic and centripetal forces: 

 

Solving for : 

▪  is proportional to the linear momentum of the particle and inversely 
proportional to the magnetic field.

FB = qvB =
mv2

r

r
r =

mv
qB

r
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More About Motion of Charged Particle

The angular speed of the particle is  

 

▪ The angular speed, , is also referred to as the cyclotron frequency. 

The period of the motion is  

ω =
v
r

=
qB
m

ω

T =
2πr
v

=
2π
ω

=
2πm
qB
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Concept-Check Question

If you double the speed of a proton moving perpendicular to a magnetic field, the 
radius of its circular path: 
A) Stays the same 
B) Doubles  
C) Quadruples 
D) Halves 
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Motion of a Particle, General

If a charged particle moves in a 
magnetic field at some arbitrary angle 
with respect to the field, its path is a 
helix. 

Same equations apply, with  replaced 
by 

v

v⊥ = v2
y + v2

z
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Concept-Check Question

A charged particle enters a magnetic field at an angle (not perpendicular). Its 
path will be: 
A) A straight line 
B) A circle 
C) A helix  
D) A parabola 
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Particle in a Nonuniform Magnetic Field

The motion is complex. 
For example, the particles can oscillate 
back and forth between two positions. 
This configuration is known as a 
magnetic bottle.
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Van Allen Radiation Belts

The Van Allen radiation belts consist of 
charged particles surrounding the Earth 
in doughnut-shaped regions. 

The particles are trapped by the Earth’s 
nonuniform magnetic field. 

The particles spiral from pole to pole. 

▪ May result in auroras
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A proton is moving in a circular orbit of radius  in a uniform  magnetic field perpendicular to 
the velocity of the proton. Find the speed of the proton.

14 cm 0.35 − T

Example 28.02: A Proton Moving Perpendicular to a Uniform Magnetic Field

v =
qBr
mp

v = (1.60 × 10−19C)(0.35 T)(0.14 m)
1.67 × 10−27 kg

= 4.7 × 106 m /s
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In an experiment designed to measure the magnitude of a uniform magnetic field, electrons are accelerated from rest through a potential 
difference of  and then enter a uniform magnetic field that is perpendicular to the velocity vector of the electrons. The electrons 
travel along a curved path because of the magnetic force exerted on them, and the radius of the path is measured to be  .  
(A) What is the magnitude of the magnetic field? 
(B) What is the angular speed of the electrons?

350 V
7.5 cm

Example 28.03: Bending an Electron Beam

(A) 

ΔK + ΔUE = 0

( 1
2

mev2 − 0) + (qΔV ) = 0

v =
−2qΔV

me

v =
−2 (−1.60 × 10−19C)(350 V)

9.11 × 10−31 kg
= 1.11 × 107 m /s

B =
mev
er

B = (9.11 × 10−31 kg) (1.11 × 107 m /s)
(1.60 × 10−19C)(0.075 m)

= 8.4 × 10−4 T

Section  28.2
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 Example 28.3    Bending an Electron Beam

In an experiment designed to measure the magnitude of a uniform magnetic field, 
electrons are accelerated from rest through a potential difference of 350 V and then 
enter a uniform magnetic field that is perpendicular to the velocity vector of the elec-
trons. The electrons travel along a curved path because of the magnetic force exerted 
on them, and the radius of the path is measured to be 7.5 cm. (Such a curved beam of 
electrons is shown in Fig. 28.10.)

(A) What is the magnitude of the magnetic field?

S O L U T I O N

Conceptualize This example involves electrons accelerating from rest due to an electric 
force and then moving in a circular path due to a magnetic force. With the help of Fig-
ures 28.8 and 28.10, visualize the circular motion of the electrons.

Categorize Equation 28.3 shows that we need the speed v of the electron to find the 
magnetic field magnitude, and v is not given. Consequently, we must find the speed of the electron based on the potential 
difference through which it is accelerated. To do so, we categorize the first part of the problem by modeling an electron and 
the electric field as an isolated system in terms of energy. Once the electron enters the magnetic field, we categorize the second 
part of the problem as one involving a particle in a field and a particle in uniform circular motion, as we have done in this section.

Analyze Write the appropriate reduction of the  DK 1 DUE 5 0 
conservation of energy equation, Equation 8.2,  
for the electron– electric field system:

Substitute the appropriate initial and final energies  s1
2mev

2 2 0d 1 sq DVd 5 0 
for the time interval during which the electron  
accelerates from rest:

Solve for the final speed of the electron: v 5Î22q DV
me

Substitute numerical values: v 5Î22s21.60 3 10219 Cds350 Vd
9.11 3 10231 kg

 5 1.11 3 107 mys

Now imagine the electron entering the magnetic  B 5
mev

er
 

field with this speed. Solve Equation 28.3 for the  
magnitude of the magnetic field:

Substitute numerical values: B 5
s9.11 3 10231 kgds1.11 3 107 mysd

s1.60 3 10219 Cds0.075 md
5  8.4 3 1024 T

(B) What is the angular speed of the electrons?

S O L U T I O N

Use Equation 10.10: � 5
v
r

5
1.11 3 107 mys

0.075 m
5  1.5 3 108 radys

Finalize The angular speed can be represented as � 5 (1.5 3 108 rad/s)(1 rev/2� rad) 5 2.4 3 107 rev/s. The electrons travel 
around the circle 24 million times per second! This answer is consistent with the very high speed found in part!(A).

Figure 28.10  (Example 28.3) 
The bending of an electron beam 
in a magnetic field.
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W H A T  I F ? What if a sudden voltage surge causes the 
accelerating voltage to increase to 400 V? How does that 
affect the angular speed of the electrons, assuming the 
magnetic field remains constant?

Answer The increase in accelerating voltage DV causes the 
electrons to enter the magnetic field with a higher speed v. 
This higher speed causes them to travel in a circle with a 
larger radius r. The angular speed is the ratio of v to r. Both 
v and r increase by the same factor, so the effects cancel and 

the angular speed remains the same. Equation 28.4 is an 
expression for the cyclotron frequency, which is the same as 
the angular speed of the electrons. The cyclotron frequency 
depends only on the charge q, the magnetic field B, and the 
mass me, none of which have changed. Therefore, the volt-
age surge has no effect on the angular speed. (In reality, 
however, the voltage surge may also increase the magnetic 
field if the magnetic field is powered by the same source 
as the accelerating voltage. In that case, the angular speed 
increases according to Eq.!28.4.)
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(B) ω =
v
r

=
1.11 × 107 m /s

0.075 m
= 1.5 × 108rad /s



A proton (charge , mass ), a deuteron (charge , mass  ), and an alpha particle (charge , mass  ) 
are accelerated from rest through a common potential difference . Each of the particles enters a uniform magnetic 
field , with its velocity in a direction perpendicular to . The proton moves in a circular path of radius . In terms of 

, determine (a) the radius  of the circular orbit for the deuteron and (b) the radius  for the alpha particle.

+e mp +e 2mp +2e 4mp
ΔV

B B rp
rp rd rα

Problem 28.09:

  thus 





For the protons, 


(a) For the deuterons,





qΔV =
1
2

mv2 v =
2qΔV

m

r =
mv
qB

=
m
qB

2qΔV
m

=
1
B

2mΔV
q

rp =
1
B

2mpΔV
e

rd =
1
B

2 (2mp) ΔV

e
= 2rp

Section  28.2

(b) For the alpha particles,


rα =
1
B

2 (4mp) ΔV

2e
= 2rp



Applications Involving Charged Particles Moving in a Magnetic Field

In many applications, charged particles will move in the presence of both 
magnetic and electric fields. 

In that case, the total force is the sum of the forces due to the individual fields. 

▪ The total force is called the Lorentz force. 

In general: 

F = qE + q v × B

Section  28.3



Velocity Selector

Used when all the particles need to 
move with the same velocity. 

A uniform electric field is perpendicular 
to a uniform magnetic field. 

When the force due to the electric field 
is equal but opposite to the force due to 
the magnetic field, the particle moves in 
a straight line. 
This occurs for velocities of value.  

	 v = E/B

Section  28.3



Velocity Selector, cont.

Only those particles with the given speed will pass through the two fields 
undeflected. 

The magnetic force exerted on particles moving at a speed greater than this is 
stronger than the electric field and the particles will be deflected to the left. 

Those moving more slowly will be deflected to the right.

Section  28.3



Concept-Check Question

In a velocity selector, a particle travels straight through when: 
A) The electric force is zero 
B) The magnetic force is zero 
C) Electric and magnetic forces are equal and opposite  
D) The particle has no charge 

Section  28.3



Singly charged uranium-238 ions are accelerated through a potential difference of  and enter a 
uniform magnetic field of magnitude  directed perpendicular to their velocities. (a) Determine the 
radius of their circular path. (b) Repeat this calculation for uranium-235 ions. (c) What If? How does the ratio 
of these path radii depend on the accelerating voltage? (d) On the magnitude of the magnetic field?

2.00 kV
1.20 T

Problem 28.16:

  thus 





(a) Substituting numerical values for uranium-238,





(b) For uranium-235 ions,





qΔV =
1
2

mv2 v =
2qΔV

m

r =
mv
qB

=
m
qB

2qΔV
m

=
1
B

2mΔV
q

r238 = ( 1
1.20 T )

2 [238 (1.66 × 10−27 kg)](2000 V)

1.60 × 10−19C

= 8.28 × 10−2 m = 8.28 cm

r235 = ( 1
1.20 T )

2 [235 (1.66 × 10−27 kg)](2000 V)

1.60 × 10−19C

= 8.23 × 10−2 m = 8.23 cm

Section  28.3

(c) From , we see for two different 

masses  and  of the same charge , the ratio of 

the path radii is .


(d) The ratio of the path radii is independent of .

(e) The ratio of the path radii is independent of .

r = 1
B

2m(ΔV )
q

mA mB q
rB

rA
= mB

mA

ΔV
B



Magnetic Force on a Current Carrying Conductor

A force is exerted on a current-carrying wire placed in a magnetic field. 

▪ The current is a collection of many charged particles in motion. 

The direction of the force is given by the right-hand rule.

Section  28.4



Force on a Wire

In this case, there is no current, so 
there is no force. 

Therefore, the wire remains vertical.

Section  28.4



Force on a Wire, 2

The magnetic field is into the page 

The current is up the page 

The force is to the left 

The wire deflects to the left

Section  28.4



Force on a Wire, 3 

The magnetic field is into the page 

The current is down the page 

The force is to the right 

The wire deflects to the right

Section  28.4



Force on a Wire, equation

The magnetic force is exerted on each 
moving charge in the wire. 

▪   
The total force is the product of the 
force on one charge and the number of 
charges. 

▪  

F = q v d × B

F = (q v d × B) nAL

Section  28.4



Force on a Wire, Equation cont.

In terms of the current, this becomes   

 

▪  is the current. 

▪     is a vector that points in the direction of the current. 
▪ Its magnitude is the length  of the segment. 

▪  is the magnetic field.

FB = IL × B
I

L
L

B
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Force on a Wire, Arbitrary Shape

Consider a small segment of the wire,  

 

The force exerted on this segment is  

	 

The total force is 

d s

dFB = Id s × B

FB = I∫
b

a
d s × B
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Concept-Check Question

A horizontal wire carries current to the right. A magnetic field points into the page. 
The force on the wire is: 
A) To the right 
B) Into the page 
C) Upward  
D) Downward 
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A wire carries a steady current of . A straight section of the wire is  long and lies along the  
axis within a uniform magnetic field, . If the current is in the positive  direction, what is the 
magnetic force on the section of wire?

2.40 A 0.750 m x
B = 1.60k̂ T x

Problem 28.21:

The vector magnetic force on the wire is 



FB = I ⃗ℓ × B = (2.40 A)(0.750 m) ̂i × (1.60 T)k̂ = (−2.88 ̂j)N
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A wire having a mass per unit length of  carries a  current horizontally to the south. 
What are (a) the direction and (b) the magnitude of the minimum magnetic field needed to lift this wire 
vertically upward?

0.500 g/cm 2.00 − A

Problem 28.25:

(a) The magnetic force must be upward to lift of the wire. For current in the south direction, the magnetic field must be east 
to produce an upward force, as shown by the right-hand rule in the figure.


(b)


FB = ILB sin θ  with  FB = Fg = mg

mg = ILB sin θ  so 
m
L

g = IB sin θ → B =
m
L

g
I sin θ

B =
m
L

g
I sin θ

= ( 0.500 × 10−3 kg
1.00 × 10−2 m ) ( 9.80 m /s2

(2.00 A)sin 90.0∘ ) = 0.245 T

Section  28.4

Chapter 29     327 

© 2019 Cengage Learning, Inc. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 

P28.24 Refer to ANS. FIG. P28.23 above. The rod feels force  

    

 From the work-energy theorem, we have 

    

  

Solving for the velocity gives 

    

P28.25 (a) The magnetic force must be upward to lift the wire. For current in 

the south direction, the magnetic field 

must be  to produce an upward 

force, as shown by the right-hand rule in 

the figure.  

 (b)     with    FB = Fg = mg 

      so     

   

P28.26 (a)  

ANS. FIG. P28.25 


