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SPH4U: Fields 

Ampère’s Law 

Oersted observed that the strength of the magnetic field due to d a current 

carrying wire was directly related to the amount of current flowing through a 

wire and the inverse distance from the wire. We have seen that the direction 

of the magnetic field can be determined using a right-hand rule. 

 

 

The French physicist, André Marie Ampère, proposed an explanation for the strength of the magnetic 

field based on the current in any conductor, not just straight ones. He considered closed paths around 

the wire and determined that the magnetic field produced by the current carrying wire was given by 

 

 

where 𝑘 is a proportionality constant and the direction of 𝐵 is given from a RHR. 

 

Ampère found the same result at Oersted; however, Ampère had shown the that constant of 

proportionality depended on a fundamental magnetic property called the permeability of free space 

(𝜇𝑜).  

 

 

Ampère’s law can help us understand the role of magnetic shielding in coaxial cable.  

 

 

The current flows one way through the core and the reverse through the shielding that surrounds the 

core. If one draws a closed path around the outside of the cable, the net electric current flowing is zero 

and so no external magnetic field is created.  
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SPH4U: Fields 

Magnetic Fields inside Solenoids: 

In our previous studies we found that the magnetic field of a solenoid consisted of straight, equally 

spaced field lines in the core, and spreading out at the ends. It is important to remember that the 

magnetic field in the region outside the coils quickly dissipates to zero. We can use Ampère’s law to 

determine the strength of the magnetic field within the solenoid.  

Drawing a closed path (ABCD) within the ideal solenoid, we can investigate the strength of the 

magnetic field. Ampère’s law states ∑𝐵∥Δ𝑙 = 𝜇𝑜𝐼𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 

 

Therefore, 

(𝐵∥Δ𝑙)𝐴𝐵 + (𝐵∥Δ𝑙)𝐵𝐶 + (𝐵∥Δ𝑙)𝐶𝐷 + (𝐵∥Δ𝑙)𝐷𝐴 = 𝜇𝑜𝐼𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 
0         +       0         +       0        +       𝐵𝐿      = 𝜇𝑜(𝑁𝐼) 

𝐵 = 𝜇𝑜 (
𝑁𝐼

𝐿
) 

 

 

Sample Problems: 

1. Two parallel wires separated by a distance of 1.0 𝑚 have currents of 1.0 𝐴 flowing in opposite 

directions. What is the net magnetic field due to the two currents carrying wires halfway 

between them? [Hint: draw a picture to help find the directions of the fields due to each wire] 

2. A wire is carrying a current of 4.0 𝐴. What is the magnitude of the magnetic field 5.0 𝑐𝑚 from 

the center of the wire? 

3. How many turns does a 5.0 𝑐𝑚 solenoid need in order to produce a magnetic field of 

6.0 × 10−2 𝑇 if the wire carries a current of 4.0 𝐴?  






