CAPACITORS AND DIELECTRICS

Table 30-2

TuareEE ErecTRIC VECTORS

Associated Boundary

Sl with Condition

Electric field strength E All charges Tangential component
continuous

Electric displacement D Free charges only | Normal component
continuous

Polarization P Polarization Vanishes in a
(electric dipole moment charges only vacuum
per unit volume)

Defining equation for E F = ¢E Eq. 27-2
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General relation among the three vectors D=gE+ P Eq. 30-21
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Gauss’s law when dielectric media are present f D-dS =g¢ Eq. 30-24

(¢ = free charge only)
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Empirical relations for certain dielectric D = keE Eq. 30-22
materials * P=(k—1)eE Eq. 30-23

* Generally true, with x independent of E, except for certain materials called
Jerroelectrics; see footnote on page 758.

30-7 Energy Storage in an Electric Field

In Section 29-6 we saw that all charge configurations have a certai
eleciric potential energy U, equal to the work W (which may be positive o
negative) that must be done to assemble them from their individual com
ponents, originally assumed to be infinitely far apart and at rest. This po
tential energy reminds us of the potential energy stored in a compresse
spring or the gravitational potential energy stored in, say, the earth-moon
System.

For a simple example, work must be done to separate two equal and
opposite charges. This energy is stored in the system and can be recovered if
the charges are allowed to come together again. Similarly, a charged
capacitor has stored in it an electrical potential energy U equal to the work W
required to charge it. This energy can be recovered if the capacitor is
allowed to discharge. We can visualize the work of charging by imagining
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The reversal of H at the boundary makes this possible. Note that M and H point
in opposite directions within the magnet. Table 37-1 summarizes the properties of
the three vectors B, H, and M.

Table 37-1

THREE MAGNETIC VECTORS

Name Symbol | Associated with | Boundary Condition
Magnetic induction B All currents Normal component
continuous
Magnetic field strength H True currents only | Tangential component
continuous T
Magnetization M Magnetization Vanishes in a vacuum
(magnetic dipole moment currents only

per unit volume)

Defining equations for B F=g9gvxB ' Eq. 33-3a

or =11xB Eq. 33-6a

General relation among the three vectors B = uH + poM Eq. 3726

Ampére’s law when magnetic materials are § H-dl =1 Eq. 37-27
present

(¢ = true current only)

Empirical relations for certain magnetic B = knuoH Eq. 3729
materials * M= (km — DH Eq. 37-30

* For paramagnetic and diamagnetic materials only, if &, is to be independent of H.
t Assuming no true currents exist at the boundary.

» Example 6. In the Rowland ring the (true) current 4o in the windings is 2.0 amp
and the number of turns per unit length (n) in the toroid is 10 turns/cm. B, measured
by the technique of Section 37-5, is 1.0 weber/meter?. Calculate (a) H, (b) M, and
(¢) the magnetizing current 17,0 both when the core is in place and when it is removed.
(d) For these particular operating conditions, what is «,?

(a) H is independent of the core material and may be found from Eq. 37-28:

H=m
(10 turns/em)(2.0 amp)

Il

= 2.0 X 10% amp/meter.
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