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And it is evident that the Biot-Savart law is harder to use than 
Coulomb’s law. 

Now, even Coulomb’s law we considered hard 
enough to handle that we went and considered  
an alternative path to compute electric fields,  
Gauss’ law. 

Therefore it is not surprising that in the magnetic case we will also 
use an alternative approach to computing magnetic fields. This  
approach is called Ampere’s law. 
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To compute magnetic fields, 
one uses the Biot-Savart law: 



Ampere’s law: 
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The circulation of B  
(the integral of B scalar 
ds) along an imaginary  
closed loop is proportional 
to the net amount of current 
traversing the loop. 
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Thumb rule for sign; ignore i4 

As was the case for Gauss’ law, if you have a lot of symmetry, 
knowing the circulation of B allows you to know B. 





Example: a wire By symmetry, the magnetic 
field is constant across the 
Amperian loop and is parallel 
to ds. Therefore, 
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Example: field inside a thick wire 
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Magnetic field of a solenoid 

Idealized: (infinitely tightly woven, infinite) 

No field outside, field 
concentrated inside. 

Considering Amperian 
loop abcd, 
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Magnetic field of a toroid (donut): 
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56   A toroid having a square cross section, 5cm on a side, 
an an inner radius of 15cm has 500 turns and carries a current 
of 0.8A. What is the magnetic field inside the toroid at  
a) the inner radius,  
b) the outer radius. 

Picture is the same as before, only the cross-section is different. 
Therefore, 
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If, z >> R,     B = µ0
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67 A length of wire is formed into a closed loop with radii a 
and b, and carries a current i. 
a) What is the value of the magnitude  
and direction of B at the center? 
b) Find the magnetic dipole moment  
of the circuit. 

a 

b 

Straight pieces do not contribute to B. 

r
iB 00

4
φ

π
µ

=Last class, arc: 
r
i

4
0µ= ⎟

⎠
⎞

⎜
⎝
⎛ +=

ba
iB 11

4
 center,At 0µ

)(
22

b
2
aArea  moment, Dipole 22

22

baiii +=⎟
⎠

⎞
⎜
⎝

⎛ +==
πππ

µ



Summary: 

•  Ampere’s law operates like Gauss’ law. 
One chooses an imaginary path that 
encircles current. The circulation of B is 
proportional to the net current inside. 

•  If one has symmetry, one can easily 
compute B from the circulation. 

•  Orientation of B is given in terms of the 
current using the right hand rule. 


