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Chapter 28 Summary 

 

1. Magnetic field of a moving charge: The magnetic field 

B  created by a charge q moving with 

velocity 

  depends on the distance r from the source point (the location of q) to the field point 

(where 

B  is measured). The 


B  field is perpendicular to 


  and to ˆ ,r  the unit vector directed 

from the source point to the field point. The principle of superposition of magnetic fields states 

that the total 

B  field produced by several moving charges is the vector sum of the fields 

produced by the individual charges. (See Example 28.1.) 
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2. Magnetic field of a current-carrying conductor: The law of Biot and Savart gives the 

magnetic field d

B  created by an element d


l  of a conductor carrying current I. The field d


B  is 

perpendicular to both d

l  and ˆ ,r  the unit vector from the element to the field point. The


B field 

created by a finite current-carrying conductor is the integral of d

B  over the length of the 

conductor. (See Example 28.2.) 
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3. Magnetic field of a long, straight, current-carrying conductor: The magnetic field 

B  at a 

distance r from a long, straight conductor carrying a current I has a magnitude that is inversely 

proportional to r. The magnetic field lines are circles coaxial with the wire, with directions given 

by the right-hand rule. (See Examples 28.3 and 28.4.) 
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4. Magnetic force between current-carrying conductors: Two long, parallel, current-carrying 

conductors attract if the currents are in the same direction and repel if the currents are in opposite 

directions. The magnetic force per unit length between the conductors depends on their currents I 

and I   and their separation r. The definition of the ampere is based on this relationship. (See 

Example 28.5.) 
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5. Magnetic field of a current loop: The law of Biot and Savart allows us to calculate the 

magnetic field produced along the axis of a circular conducting loop of radius a carrying current 

I. The field depends on the distance x along the axis from the center of the loop to the field point. 

If there are N loops, the field is multiplied by N. At the center of the loop, x = 0. (See Example 

28.6.) 
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6. Ampere’s law: Ampere’s law states that the line integral of 

B  around any closed path equals 0 

times the net current through the area enclosed by the path. The positive sense of current is 

determined by a right-hand rule. (See Examples 28.7–28.10.) 
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7. Magnetic fields due to current distributions: The table lists magnetic fields caused by several 

current distributions. In each case the conductor is carrying current I. 

Current Distribution Point in Magnetic Field Magnetic-Field Magnitude 

Long, straight conductor Distance r from conductor 0
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At center of loop 
0 (for  loops, multiply these

2 expressions by )
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Long cylindrical conductor 

of radius R 

Inside conductor, r < R 0
22

I r
B

R




  

Outside conductor, r > R 0

2

I
B

r




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Long, closely wound 

solenoid with n turns per 

unit length, near its 

midpoint 

Inside solenoid, near center 0B nI  

Outside solenoid B  0 

Tightly wound toroidal 

solenoid (toroid) with N 

turns 

Within the space enclosed by 

the windings, distance r from 

symmetry axis  

0

2

NI
B

r




  

Outside the space enclosed 

by the windings 

B  0 

8. Magnetic materials: When magnetic materials are present, the magnetization of the material 

causes an additional contribution to .

B  For paramagnetic and diamagnetic materials, 0 is 

replaced in magnetic-field expressions by  = Km0, where  is the permeability of the material 

and Km is its relative permeability. The magnetic susceptibility m is defined as m = Km – 1. 

Magnetic susceptibilities for paramagnetic materials are small positive quantities; those for 

diamagnetic materials are small negative quantities. For ferromagnetic materials, Km is much 

larger than unity and is not constant. Some ferromagnetic materials are permanent magnets, 

retaining their magnetization even after the external magnetic field is removed. (See Examples 

28.11 and 28.12.) 

 


