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·Please check the course website 

regularly.  

·Announcements 

·References 

·Handouts (Posted before 

corresponding lectures) 

·Annotated Notes/Slides (Posted 

after corresponding lectures) 

·Assignments and Solutions 
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Reference 
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·Principles of Physics 

·Ninth Edition, International Student Version 

·David Halliday, Robert Resnick,  

and Jearl Walker 

·Chapter 28 Magnetic Fields 

·28-1 What Is Physics? 

·28-2 What Produces a Magnetic Field? 

·28-3 The Definition of ὄχ 

·28-6 A Circulating Charged Particle 

·28-8 Magnetic Force on a Current-

Carrying Wire 

·28-9 Torque on a Current Loop 



What Produces a Magnetic Field? 
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·Use moving electrically charged particles,  

such as a current in a wire, to make an  

electromagnet. 

·Magnetic field is a basic characteristic of elementary particles 

(such as electrons) just as mass and electric charge (or lack of 

charge) are basic characteristics. 

·These particles have an intrinsic magnetic field around them. 

·Permanent magnet: The magnetic fields of the electrons in 

certain materials add together to give a net magnetic field 

around the material.  

·In other materials, the magnetic fields of the electrons cancel 

out, giving no net magnetic field surrounding the material. 



Applications 
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·You are surrounded by magnets. 

·Old: Magnetic recording of music and images on audiotape and 

videotape.  

·Magnets control CD and DVD players and computer hard drives.  

·Magnets drive the speaker cones in headphones, TVs, computers, 

and telephones.  

·A modern car comes equipped with dozens of magnets because 

they are required in the motors for engine ignition, automatic 

window control, sunroof control, and windshield wiper control.  

·Most security alarm systems, doorbells, and automatic door 

latches employ magnets. 



Magnetic Field Lines 
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·the field around an ordinary bar magnet 



Viewing the field 
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Magnetic Field Lines 
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·Run from the north pole to the south pole. 

 bar magnet horseshoe magnet  C-shaped magnet 



Magnetic Field (ὄχ) and Field Lines 
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·A vector quantity. 

·We can represent magnetic fields 
with field lines. 

·Rule 1: The direction of the tangent 
to a magnetic field line at any point 

gives the direction of ὄχat that point 

·Rule 2: The spacing of the lines 

represents the magnitude of ὄχ 
·The magnetic field is stronger where 

the lines are closer together, and 
conversely. 

 



Unit for B 
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·B = magnitude of ὄχ 

·SI Unit: tesla (T) 

· Defined in 1960 in honour of Nikola Tesla 

·Earlier non-SI unit: ògaussó 

·1 T (tesla) = 104 G (gauss) 

·Some approximate magnetic fields: 

·Earthõs magnetic field near the planetõs surface:  

1 G = 100 mT 

·In magnetically shielded room  

(MSR):  

10-14 T = 10 fT 
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Earth's Magnetic Field 
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·On Earthõs surface, we can detect magnetic field  

with a compass, which is essentially a slender  

bar magnet. 

 ·The earthõs geographical 

north pole is actually its 

magnetic south pole. 

·Magnetoception: 

Migratory birds and sea 

turtles can sense the 

earthõs magnetic field, 

using it for navigation. 

 



Uniform ὄχ 
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·Array of dots (which represent the 

tips of arrows)  

represents a field directed out of 

the plane. 

 

·Array of Xs 

represents a field directed into that 

plane. 



Magnetic Forces and Fields 
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·Charged particle moving through a magnetic field 

experience magnetic force. 

·A magnetic field ὄχ is defined in terms of the force Ὂχ  

acting on a test particle with charge q moving through the 

field with velocity ὺχ: 

 

·The magnitude of Ὂχ : 
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Example 
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·A uniform magnetic field with magnitude 1.2 mT, is directed 

vertically upward throughout the volume of a laboratory 

chamber. A proton enters the chamber, moving horizontally 

from south to north with speed 3.2³107 m/s. 

·What magnetic deflecting force acts on the proton as it 

enters the chamber? (Neglect Earthõs magnetic field.) 

 



Direction of Ὂχ  
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·Right-hand rule: The thumb of the right hand points in the 

direction of ὺχ ὄχwhen the fingers sweep ὺχ into ὄχ.  

·Perpendicular to the direction of ὺχ 

·Perpendicular to the direction of ὄχ 

 

BF qv B= ³


