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Chapter 28 Magnetic Fields 

 

 

 

 

 

Magnetic poles always occur in pairs. 

Thus far, there is no conclusive evidence that an isolated magnetic monopole exists. 

28.1 Magnetic Fields and Forces 

  

We can define a magnetic field B


 at some point in space in terms of the magnetic 

force BF


. 

Lorentz force law: When a charge q moves with velocity v


 in a magnetic field B


, 

the magnetic force F


 on the charge is BvqF


= . 

 

 

 

 

1. The static charge doesn’t response to the magnetic field. Only a moving charge 

will feel a magnetic-field induced force. 

2. The magnetic force is perpendicular to the plane spanned by v


 and B


. 

3. Unit of the magnetic field: tesla (T) = 1 N / (C (m/s)), 1 T = 104 Gauss 

4. The magnetic field on the earth is 0.44 G. The maximum of static magnetic field 
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at laboratory is ~ 10 tesla. The permanent magnet produces the magnetic field of 

~1 T. 

5. What’s a permanent magnet? Is there any difference between fields at laboratory 

and from a permanent magnet? 

 

 

 

 

 

 

 

Magnetic Field Lines 

N is like a positive charge and S is like a negative charge. 

Inside the magnet the field line direction is like that in an electric dipole. 

 

28.2 Motion of a Charged Particle in a 

Uniform Magnetic Field 

1. The magnetic force (Lorentz force) change the 

direction of the velocity but not the magnitude of the 

velocity. 

2. Magnetic fields do not work on charged particles and 

in xy plane in xy plane 
in yz plane 
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do not change their kinetic energy. 

When the initial velocity v


 is perpendicular to the magnetic field, the particle will do 

circular motion. 

qvBF
r

v
mmaF Lorentz ====

2

 ( ( ) qvBqvBBvq o == 90sin


) 

qB

mv
r =  (The radius of the particle’s circular motion depends linearly on its velocity 

and its mass, but inversely on its charge and the magnetic field. --> You can use the 

relation to measure the velocity of charged particles.) 

 

The period of the cyclotron motion is 
qB

m

qB

mv

vv

r
T

 222
=== . 

The cyclotron frequency is 
m

qB

T
f

2

1
== , and the angular speed is 

m

qB
f ==  2 . 

Example: A proton of mass 
271067.1 −=m kg and charges 19106.1 −== eq C 

moves in a circle of radius 21=r  cm perpendicular to a magnetic field of 4000=B

G. Find (a) the period of the motion and (b) the speed of the proton. 

r

v
mqvB

2

=  --> 
( )( )( )

sm
kg

mTC

m

qBr
v /1005.8

1067.1

21.04.0106.1 6

27

19

=



==

−

−

 

( )
s

sm

m

v

r
T 7

6
1064.1

/1005.8

21.022 −=


==


 

 

If the velocity is not perpendicular to the magnetic field, 

the motions can be separated to two independent parts: 

along the field direction and in the plane perpendicular 

to the field. 

 

Motion in nonuniform magnetic field: 

The magnetic field is weak at the center and 

strong at both ends. The particles spiral around 

the field lines and become trapped, oscillating 

back and forth between the two ends. Why? 

 

28.3 Applications Involving Charged 
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v < E/B 

v > E/B 

Particles Moving in a Magnetic Field 

The Velocity Selector 

Balance of electric and magnetic force is used for velocity selection. 

 

BvqEqF


+=   When the directions of 

Eq


  and Bvq


   are opposite, the particle 

undergoes linear motion with the velocity v  

having the relation qvBqE = . 

 

Thomson’s Measurement of q/m for Electrons 

The experiments were performed by J. J. Thomson in 

1897. --> The rays of a cathode-ray tube can be 

deflected by electric and magnetic fields. 

Thomson’s method: using electric field to bend the 

cathode-ray and to measure the charge-to-mass ratio. 

Accelerating region (region 1): 
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Constant velocity region (region 2): 
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The Mass Spectrometer 

Electric field accelerating region: 
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The magnetic field bending region: 

r
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If the magnetic field and the accelerating voltage are constant, the radius r will depend 

on the mass-to-charge ratio. ( mqr / ) 

 

Example: A 58Ni ion of charge +e and mass 
261062.9 −  kg is accelerated through a 

potential drop of 3 kV and deflected in a magnetic field of 0.12 T. (a) Find the radius 

of curvature of the orbit of the ion. (b) Find the difference in the radii of curvature of 
58Ni ions and 60Ni ions. 

(a) 
( )( )
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(b) 510.0
58

60
60 == rr Ni m --> 009.05860 =− NiNi rr m 

The Cyclotron 

A charged-particle accelerator: 
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The kinetic energy of a charged particle leaving the cyclotron is 
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Example: A cyclotron for accelerating protons has a magnetic field of 1.5 T and a 

maximum radius of 0.5 m. (a) What’s the cyclotron frequency? (b) What’s the kinetic 

energy of the protons when they emerge? 
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28.4 Magnetic Force Acting on a 

Current-Carrying Conductor 

When a lot of electrons are moving in a confined 

space of a metal wire, there is a force on the wire. 

 

( )nALBvqF


=  ( vnqJ


=  & JAI = ) --> BLIF


=  

BvqF


= : Coulomb X Velocity X Magnetic Field -->  

BLIF


= : (Coulomb / Time) X Length X Magnetic Field 

 

 

 

 

BlIdFd


=  ( lId


 is called a current element.) 

Use integration to obtain the total force exerted 

on the curved wire. 

-->  = BldIF


 

 

Example: A wire segment 3 mm long carries a current 

of 3 A in the +x direction. It lies in a magnetic field of 

0.02 T that is in the xy plane and makes an angle of 30o 

with the +x direction. What is the magnetic force 

exerted on the wire segment? 

( )( ) kNkBLIF o ˆ109ˆ30sin02.0003.03 5−===


 

Example: A wire bent into a semicircular loop of radius 

R lies in the xy plane. It carries a current I from point a 

to point b. There is a uniform magnetic field kBB ˆ
0=


 

perpendicular to the plane of the loop. Find the force 

acting on the semicircular loop part of the wire. 

Calculate the force in the +y direction. 

F 

dl 
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( ) 0

0
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00 2cossinsin IRBdIRBdIRBdRBIFy =−=== 


  

28.5 Torque on a Current Loop in a 

Uniform Magnetic Field 

A current loop experiences no net force in a uniform 

magnetic field but it does experience a torque. 

BLIBvqF


==  

IaBFF == 21  

( )

( ) BnIab

BIabIabBF
b


=

==







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ˆ

sinsinsin
2

2




 

 

What’s the force exerted on the loop as the field is normal to the loop plane? 

 

The current model of the magnetic dipole --> the magnetic dipole moment of the 

current loop: 

nIAnIab ˆˆ ==


 or nNIA ˆ=


 --> B


=   

Compare with the electric dipole: Ep


=  

 

What’s the difference of dipole model between the electric and magnetic dipoles? 

 

 

 

Example: A circular wire loop of radius R, mass m, and 

current I lies on a horizontal surface. There is a horizontal 

magnetic field B. How large can the current I be before 

one edge of the loop will lift off the surface? 

2RIIA  == , mgRBRIB === 2  --> 
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I


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Potential Energy of a Magnetic Dipole in a Magnetic 

Field 

When a dipole is rotated through an angle of d , the work done is ddW −= . 

 dBdW sin−=  

The work done on the dipole is stored in potential energy, dWdU −= . 

 dBdU sin=  

0cossin UBdBdUU +−===    

Assume 0=U  when 
o90=  --> 00 =U  & BU


−=   

 

Example: A square 12-turn coil with edge-length 40 cm carries a current of 3 A. It lies 

in the xy plane in a uniform magnetic field kTiTB ˆ4.0ˆ3.0 +=


. Find (a) the magnetic 

moment of the coil, (b) torque, and (c) the potential energy. 

( )( ) kk ˆ76.5ˆ4.0312
2

==


 Am2 

B


=  , BU


−=   

 

Example: A thin nonconducting disk of mass m and radius R 

has a uniform surface charge per unit area   and rotates with 

angular velocity 


  about the axis. Find the magnetic 

moment. 

IA=  --> ( ) ( )AdIIAdd ==  
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T
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28.6 The Hall Effect 

 

 Si 
B --> p-type 

N --> n-type 

pure Si n-type p-type 
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What do you mean a hole? 

Hd qEBqvF ==  --> BvE dH =  

 

The Hall voltage is BwvwEV dHH == . 

 

( )dnqvAAJI ==  -> 
nqt

IB

nqA

IBw

nqA

I
BwBwvV dH ====  

t

B
R

nqt

B

I

V
R H

H ===  

nqRH /1=  is the Hall coefficient. 

qtV

IB
n

H

=  

 

By measuring the Hall effect, you can obtain: 

1. the carriers are positively or negatively charged 

2. the carrier concentration n 

 

Example: A silver slab of thickness 1 mm and width 1.5 cm carries a current of 2.5 A 

in a region in which there is a magnetic field of magnitude 1.25 T perpendicular to the 

slab. The Hall voltage is measured to be 0.334 v. Calculate the number density of the 

charge carriers. 

( )( )
( )( )( )

28

619
1085.5

10334.010602.1001.0

25.15.2
=


==

−−

HteV

IB
n electrons/m3 
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Hall-Effect devices are used to measure the 

magnetic field --> determine the current 

inside the wire 

 

 

The Quantum Hall Effects 

BwvwEV dHH ==  

the Hall resistance: 
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
=====

2

1

e

h

nnqt

B

wtnqv

Bwv

I

V
R

d

dH  

the Hall coefficient: 
( ) nqBnqv
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