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Induced electric fields

• A long, thin solenoid is  
encircled by a circular  
conducting loop.  

• Electric field in the loop is  
what must drive the current. 

• When the solenoid current I  
changes with time, the magnetic  
flux also changes, and the induced emf can be written in 
terms of induced electric field:



Two equivalent statements:



© 2016 Pearson Education Inc.

Displacement current
• Ampere’s law is incomplete, as can be shown by considering the 

process of charging a capacitor, as shown. 

• For the plane circular area 
bounded by the circle, Iencl is 
the current iC in the left 
conductor.  

• But the surface that bulges 
out to the right is bounded 
by the same circle, and the 
current through that surface 
is zero.  

• This leads to a 
contradiction.
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Displacement current
• When a capacitor is charging, the 

electric field is increasing between 
the plates. 

• We can define a fictitious 
displacement current iD in  
the region between the plates. 

• This can be regarded as the source 
of the magnetic field between the 
plates.



Maxwell’s equations of electromagnetism
• All the relationships between electric and magnetic fields and 

their sources are summarized by four equations, called 
Maxwell’s equations. 

• The first Maxwell equation is Gauss’s law for electric fields 
from Chapter 22: 

• The second Maxwell equation is Gauss’s law for magnetic 
fields from Chapter 27:
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Maxwell’s equations of electromagnetism

• The third Maxwell equation is this chapter’s formulation of 
Faraday’s law: 

• The fourth Maxwell equation is Ampere’s law, including 
displacement current:
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Maxwell’s equations in empty space
• There is a remarkable 

symmetry in Maxwell’s 
equations.  

• In empty space where there is 
no charge, the first two 
equations are identical in 
form. 

• The third equation says that a 
changing magnetic flux 
creates an electric field, and 
the fourth says that a 
changing electric flux creates 
a magnetic field.



© 2016 Pearson Education Inc.

Superconductivity in a magnetic field
• When a superconductor is cooled below its critical 

temperature Tc, it loses all electrical resistance. 

• For any superconducting material the critical temperature Tc 
changes when the material is placed in an externally produced 
magnetic field. 

• Shown is this dependence for  
mercury.  

• As the external field  
magnitude increases, the  
superconducting transition  
occurs at a lower and lower  
temperature. 
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The Meissner effect
• If we place a superconducting material in a uniform applied 

magnetic field, and then lower the temperature until the 
superconducting transition occurs, then all of the magnetic 
flux is expelled from the superconductor. 

• The expulsion of magnetic flux is called the Meissner effect.
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Mutual inductance
• Consider two neighboring 

coils of wire, as shown.  

• If the current in coil 1 
changes, this induces an emf 
in coil 2, and vice versa. 

• The proportionality constant 
for this pair of coils is called 
the mutual inductance, M.
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Mutual inductance
• The mutual inductance M is: 

• The SI unit of mutual inductance is called the henry (1 H), in 
honor of the American physicist Joseph Henry.  

1 H = 1 Wb/A = 1 V · s/A = 1 Ω · s = 1 J/A2


