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Lenz's Law
When an emf is generated by a change in magnetic flux according to
Faraday's Law, the polarity of the induced emf is such that it produces 
a current whose magnetic field opposes the change which produces it. 
Th i d d i fi ld i id l f i l kThe induced magnetic field inside any loop of wire always acts to keep 
the magnetic flux in the loop constant. In the examples below, 
if the B field is increasing, the induced field acts in opposition to it. 
If it i d i th i d d fi ld t i th di ti f th li d fi ldIf it is decreasing, the induced field acts in the direction of the applied field 
to try to keep it constant. 
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Diamagnetism 
The orbital motion of electrons creates tiny atomic current loops, which produce y p p
magnetic fields. When an external magnetic field is applied to a material, these 
current loops will tend to align in such a way as to oppose the applied field. This 

may be viewed as an atomic version of Lenz's law: induced magnetic fields tend to 
oppose the change which created them Materials in which this effect is the onlyoppose the change which created them. Materials in which this effect is the only 

magnetic response are called diamagnetic. All materials are inherently diamagnetic, 
but if the atoms have some net magnetic moment as in paramagnetic materials, or if 

there is long-range ordering of atomic magnetic moments as in ferromagneticg g g g g
materials, these stronger effects are always dominant. Diamagnetism is the residual 

magnetic behavior when materials are neither paramagnetic nor ferromagnetic. 
Any conductor will show a strong diamagnetic effect in the presence of changing 

ti fi ld b i l ti t ill b t d i th d t tmagnetic fields because circulating currents will be generated in the conductor to 
oppose the magnetic field changes. A superconductor will be a perfect diamagnet

since there is no resistance to the forming of the current loops. 
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In a magnetic field H, the precession of the Z electrons within the atom is 
equivalent to a current equal to −Z(e/c)(ωL/2π) in electromagnetic units. Here 

e/c is the magnitude of the electronic charge in emu, and ωL is the angular 
Larmor frequency, where m is the electronic mass. 

The magnetic moment μ arising from this induced current is equal to the 
product of the current and the area of the current loop, as in Eq. (3), where 
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ρ2 is the statistical average, over a large number of atoms, of the square of ρ g , g , q
the perpendicular distance of an electron from the field axis. This average is 
equivalent to x2 + y2 if H is along z. For a random assembly of atoms, since 

x2 = y2 = z2, one may write Eq. (4), where r2 is they , y q ( ),

mean-square distance of the electron from the nucleus. Thus, the 
diamagnetic susceptibility of N atoms is given by Eq. (5). This is P. 

Langevin's result, as 
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