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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
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Self-inductance
• Any circuit with a coil 

that carries a varying 
current has a self-induced 
emf.  

• We define the self-
inductance L of the circuit 
as:
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See Example 30.8 in the book!
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Inductors as circuit elements
• In the circuit shown, the box 

enables us to control the 
current i in the circuit. 

• The potential difference 
between the terminals of the 
inductor L is:
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Potential across a resistor
• The potential difference across a resistor depends on the 

current. 

• When you have a resistor with current i flowing from a to b, 
the potential drops from a to b.
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Potential across an inductor with constant current

• The potential difference across an inductor depends on the 
rate of change of the current. 

• When you have an inductor with constant current i flowing 
from a to b, there is no potential difference.
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Potential across an inductor with increasing current

• The potential difference across an inductor depends on the 
rate of change of the current. 

• When you have an inductor with increasing current i flowing 
from a to b, the potential drops from a to b.



© 2016 Pearson Education Inc.

Potential across an inductor with decreasing current

• The potential difference across an inductor depends on the 
rate of change of the current. 

• When you have an inductor with decreasing current i flowing 
from a to b, the potential increases from a to b.
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A current i flows through an inductor L in 
the direction from point b toward point a. 
There is zero resistance in the wires of the 
inductor. If the current is decreasing,

Q30.2

A. the potential is greater at point a than at point b.

B. the potential is less at point a than at point b.

C. the answer depends on the magnitude of di/dt compared 
to the magnitude of i.

D. the answer depends on the value of the inductance L.

E. both C and D are correct.
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Magnetic field energy
• A resistor is a device in 

which energy is irrecoverably 
dissipated.  

• By contrast, energy stored in 
a current-carrying inductor 
can be recovered when the 
current decreases to zero.
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Magnetic energy density
• The energy in an inductor is actually stored in the magnetic 

field of the coil, just as the energy of a capacitor is stored in 
the electric field between its plates. 

• In a vacuum, the energy per unit volume, or magnetic energy 
density, is: 

• When the magnetic field is located within a material with 
(constant) magnetic permeability µ = Km µ0, we replace µ0 by 
µ in the above equation:
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The R-L circuit
• An R-L circuit contains a 

resistor and inductor and 
possibly an emf source. 

• Shown is a typical R-L circuit.
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Current growth in an R-L circuit
• Suppose that at some initial time  
t = 0 we close switch S1. 

• The current cannot change 
suddenly from zero to some final 
value. 

• As the current increases, the rate 
of increase of current given 
becomes smaller and smaller. 

• This means that the current 
approaches a final, steady-state 
value I. 

• The time constant for the circuit 
is τ = L/R.
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Current decay in an R-L circuit
• Suppose there is an initial current 
I0 running through the resistor and 
inductor shown. 

• At time t = 0 we close the switch 
S2, bypassing the battery (not 
shown).  

• The energy stored in the magnetic 
field of the inductor provides the 
energy needed to maintain a 
decaying current. 

• The time constant for the 
exponential decay of the current is 
τ = L/R.


