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Chapter 30 
Sources of the Magnetic Field  

 
•  30.1  The Biot–Savart Law  
•  30.2  The Magnetic Force Between Two Parallel Conductors  
•  30.3  Ampère’s Law  
•  30.4  The Magnetic Field of a Solenoid  
•  30.5  Magnetic Flux  
•  30.6  Gauss’s Law in Magnetism  
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30.1 The Biot–Savart Law  
•  Jean-Baptiste Biot (1774–1862) and Félix Savart (1791–1841) performed 

quantitative experiments on the force exerted by an electric current on a 
nearby magnet.  

•  Biot and Savart arrived at a mathematical expression that gives the magnetic 
field at some point in space in terms of the current that produces the field. 
That expression is based on the following experimental observations for the 
magnetic field dB at a point P associated with a length element ds of a wire 
carrying a steady current I :  
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• where µ0 is a constant called the permeability of free space: 
 

 
•  To find the total magnetic field B created at some point by a 

current of finite size, we must sum up contributions from all 
current elements I ds that make up the current.  
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30.1 The Biot–Savart Law  



•    
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Example 30.1 Magnetic Field Surrounding a Thin, Straight 
Conductor  

• Consider a thin, straight wire carrying a 
constant current I and placed along the x 
axis as shown in the Figure. Determine 
the magnitude and direction of the 
magnetic field at point P due to this 
current.  

•  The magnetic field at distance a from a 
long straight wire carrying a current I  
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Example 30.3 Magnetic Field on the Axis of a 
Circular Current Loop  

•  Consider a circular wire loop of radius R located in the yz plane and 
carrying a steady current I. Calculate the magnetic field at an axial 
point P a distance x from the center of the loop.  
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•  To find the magnetic field at 
the center of the loop, we set 
x = 0  



30.1 The Biot–Savart Law  
•  The magnetic field surrounding a 

long, straight current-carrying wire. 
Because of the symmetry of the 
wire, the magnetic field lines are 
circles concentric with the wire and 
lie in planes perpendicular to the 
wire.  
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30.2 The Magnetic Force Between Two 
Parallel Conductors  

•  Consider two long, straight, parallel wires 
separated by a distance a and carrying 
currents I1 and I2 in the same direction. 

•  The force exerted on wire 1 due to the 
magnetic field set up by wire 2.  

•  The direction of F1 is toward wire 2.  
•  If the field set up at wire 2 by wire 1 is 

calculated, the force F2 acting on wire 2 is 
found to be equal in magnitude and 
opposite in direction to F1.  

•  Hence, parallel conductors carrying currents 
in the same direction attract each other, and 
parallel conductors carrying currents in 
opposite directions repel each other.  
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30.2 The Magnetic Force Between Two 
Parallel Conductors  

• Because the magnitudes of the forces are the same on both 
wires, we denote the magnitude of the magnetic force between 
the wires as simply FB.  

• We can rewrite this magnitude in terms of the force per unit 
length:  

•  The force between two parallel wires is used to define the 
ampere as follows:  
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•  The SI unit of charge, the coulomb, is defined in terms of 
the ampere:  
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30.2 The Magnetic Force Between Two 
Parallel Conductors  



30.3 Ampère’s Law  
•  Oersted’s 1819 discovery about deflected compass needles 

demonstrates that a current-carrying conductor produces a magnetic 
field.  

•  Several compass needles are placed in a horizontal plane near a long 
vertical wire.  

12 



•  The product B.ds for a small length element ds on the circular path 
defined by the compass needles, and sum the products for all 
elements over the closed circular path.  

 
•  Ampère’s law  

•  Ampère’s law describes the creation of magnetic fields by all continuous 
current configurations (configurations having a high degree of symmetry). Its 
use is similar to that of Gauss’s law in calculating electric fields for highly 
symmetric charge distributions.  
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30.3 Ampère’s Law  



•    
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Example 30.4 The Magnetic Field Created by a Long Current-
Carrying Wire  

•    
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•  For the r ≥ R , 

•  For the r < R , 



Example 30.5 The Magnetic Field Created by a 
Toroid  

•    

16 


