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(a) A single positive charge (b) An electric dipole (c) Two equal positive charges
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I. Theory of the Motion of an incompressible Flud.

(1) The substance here treated of must not be assumed to possess any of
the properties of ordinary fluids except those of freedom of motion and resistanco
to compression. It i1s not even a hypothetical fluid which is introduced to
explain actual phenomena. It is merely a collection of imaginary properties
which may be employed for establishing certain theorems in pure mathematics in
a way more intelligible to many minds and mecre applicable to physical problems
than that in which algebruic symbols alone are used. The use of the word
“Fluid” will not lead us into error, if we remember that it denotes a purely
unaginary substance with the following property :
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—— Cross sections of equipotential surfaces

—— Electric field lines
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(b) The same conductor with an internal cavity

dc_—+ T ¢ Arbitrary
/[T Gaussian
+ surface A

Because E = 0 at all points within the conductor,
the electric field at all points on the Gaussian
surface must be zero.
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Metal lid

Chz:rged ball induces charges on the
interior and exterior of the container.

Once the ball touches the container, it
is part of the interior surface; all the
charge moves to the container’s exterior.
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Fig. 9-11. The distribution of electrical charges.in a
mature thunderstorm cell. [From U.S. Department of Com-

" merce Weather Bureau Report, June 1949.]
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View of lightning from an airplane flying above a system.



High-speed photography showing different parts of a lightning flash
during the discharge process as seen in Toulouse, France.
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Explosions of airborne dust in grain storage bins (as above), coal mines,

flour mills, and many powder industries are a common

occurrence, often with loss of life and much property damage.

Usually the explosions are due to sparking between charged objects or
between a charged object and a grounded connection.

Engineers cannot eliminate the possibility of sparking,

but they can take measures to reduce the chance that a spark

will set off an explosion.

What
determines
whether
sparking will
cause an
explosion of
airborne dust?

The answer is in this chapter.






(a) Arrangement of the capacitor plates (b) Side view of the electric field E

Plate a, area A

Potential /{

difference = V,, When the separation of the platé:s
Plate b, area A is small compared to their size,
the fringing of the field is slight.
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Metal foil

Electrolyte

Metallic foil + oxide layer

(c)
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Capacitor
symbol

Battery ‘
symbol = I +

Switch -
symbol ol
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Condenser
Microphone A

Front plate
(Diap! agm)
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(a) Two capacitors in series

Capacitors in series:
* The capacitors have the same charge Q.
* Their potential differences add:

Vac * Vcb - Vab’

(b) The equivalent single capacitor

a
Equivalent capacitance
is less than the indi-
Charge is 0 vidual capacitances:

the same

V' as for the
individual -0
capacitors.

b

© 2016 Pearson Education, Inc.




(a) Two capacitors in parallel

Capacitors in parallel:

* The capacitors have the same potential V.

e The charge on each capacitor depends on its
capacitance: Q; = C,V, O, = G,V.

a

\.
V=V O/=0 OG—=0

/o

b

(b) The equivalent single capacitor

g Charge 1s the sum of the
T +0 individual charges:
vV Ceq iii iii Q=01+t
l —) Equivalent capacitance:
» Ceq = C1 T G

© 2016 Pearson Education, Inc.



Touch Screen



How the iPhone Works Mutual Capacitance Screen*

Image processing  Continuos re-imaging
Controller of touch profile

Image of changes in
electrostatic field caused
by touch

Touch screen riving

(Sensor) -In
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Cover

Bonding
Layer

Driving
Lines

Sensing

Substrate

Controller resolves
touch profile to
actual touch point

Coordinates fed back to

operating system

Lens & Sensor
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(a)

QR &
b &
d SEN

>

Capacitance C, in vacuum

(Copyrigh ©2008 Poarscn Ecation, nc. pubdhing 33 Pearion Addso Wesey.

Dielectric
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Capacitance C > C,

(Copyriht© 2008 Parson Ecucatin, n. publshing s Pearson Addson Wesey

In the absence of
an electric field,
polar molecules
orient randomly.

When an
electric field is
applied, the
molecules tend

to align with it.

=
E An electric field
—

©2016 Pearson Education, Inc.

In the absence of
an electric field,
nonpolar molecules
are not electric
dipoles.

causes the mole-
cules’ positive and
negative charges
to separate
slightly, making
the molecule
effectively polar.




@ @ @ (a) The insulator is polarized.

@ @ @ Excess positive charge  Excess negative charge

@ @ @ B b (b) The polarized insulator—a dielectric—can be
<—.- < represented as two sheets of surface charge.
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(a) No dielectric

(b) Dielectric just

inserted
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(c) Induced charges (d) Resultant field
create electric field
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Original
electric field

Weaker field in dielectric
due to induced (bound) charges



(b) Dielectric

Capacitance C > C,
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‘) Calcium (Ca)
w ) Potassium (K)
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