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The magnetic field of a moving charge
• A moving charge generates a 

magnetic field that depends 
on the velocity of the charge, 
and the distance from the 
charge.
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Magnetic field of a straight current-carrying wire
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Magnetic field of a current element 
• The total magnetic field of 

several moving charges is the 
vector sum of each field. 

• The magnetic field caused by 
a short segment of a current-
carrying conductor is found 
using the law of Biot and 
Savart:
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Magnetic field of a straight current-carrying conductor

• Let’s use the law of Biot and 
Savart to find the magnetic field 
produced by a straight current-
carrying conductor.  

• The figure shows such a 
conductor with length 2a 
carrying a current I.  

• We will find     at a point a 
distance x from the conductor on 
its perpendicular bisector.
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Magnetic field of a straight current-carrying conductor

• Since the direction of the magnetic field from all parts of the 
wire is the same, we can integrate the magnitude of the 
magnetic field and obtain: 

• As the length of the wire approaches infinity, x >> a, and the 
distance x may be replaced with r to indicate this is a radius of 
a circle centered on the conductor:
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Magnetic field of a straight current-carrying conductor

• The field lines around a 
long, straight, current-
carrying conductor are 
circles, with directions 
determined by the right-
hand rule.



HW problem

B-field at K, L, M:

(a) zero,       ,   

(b)        ,       ,   

(c)        ,       ,   

(d) zero ,       ,   

(e) not enough info



What current, I, will 
make field at center 
zero?

(a) I = 12 A, upward 
(b) I = 2 A, upward 
(c)  I = 2 A, downward 
(d) I = 22 A downward 
(e) I = 12 A, downward



HW32
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Magnetic field of a circular current loop
• Shown is a circular conductor with radius a carrying a 

counterclockwise current I.  

• We wish to calculate the magnetic field on the axis of the 
loop.
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Magnetic field of a circular current loop
• The magnetic field along the 

axis of a loop of radius a 
carrying a current I is given 
by the equation below.  

• The direction is given by the 
right-hand rule shown.
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Magnetic field lines of a circular current loop
• The figure shows some of the 

magnetic field lines 
surrounding a circular current 
loop (magnetic dipole) in 
planes through the axis.  

• The field lines for the circular 
current loop are closed curves 
that encircle the conductor; 
they are not circles, however.



HW



HW
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Currents and planetary magnetism
• The earth’s magnetic field is caused by currents circulating 

within its molten, conducting interior.  

• These currents are stirred by our planet’s relatively rapid spin 
(one rotation per 24 hours).  

• The moon’s internal currents are much weaker; it is much 
smaller than the earth, has a predominantly solid interior, and 
spins slowly (one rotation per  
27.3 days).  

• Hence the moon’s magnetic  
field is only about 10−4 as strong  
as that of the earth.



© 2016 Pearson Education Inc.

Magnetic fields of current-carrying wires
• Computer cables, or cables for audio-video equipment, create 

little or no magnetic field.  

• This is because within each cable, closely spaced wires carry 
current in both directions along the length of the cable.  

• The magnetic fields from these opposing currents cancel each 
other.
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Force between parallel conductors
• The magnetic field of the lower wire exerts an attractive force 

on the upper wire.  

• If the wires had currents in opposite directions, they would 
repel each other.
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Force between parallel conductors
• The figure shows segments of 

two long, straight, parallel 
conductors separated by a 
distance r and carrying currents I 
and I' in the same direction.  

• Each conductor lies in the 
magnetic field set up by the 
other, so each experiences a 
force.


