I. ELECTRIC CHARGES FORCES AND
FIELDS

The atom
e Protons
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picture of an
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but this is not really what and atom looks like.
A hydrogen atom might “look” something more
like whats shown in Fig. 2.
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Hopefully we can talk about why an atom
looks something like this when we discuss quan-
tum mechanics.

For now
The classi-
cal picture
of atom
will be
fine  since
charge

comes in
distinct un-
breakable

lumps. We
can say
that charge
is quan-
tized. Even

FIG. 2. caption

though a

real atom

is a fuzzy

strange object that can be difficult to describe
this (Fig. 1) classical picture is helpful in
remembering the constituents of an atom.

Lets define a couple of important terms.

e 7 is often called the atomic number. This
tells you how many protons are in the nu-
cleus

e Jon: An atom with a different number of
electrons than the atomic number. an Ion
has a non-neutral charge.

If charge is Quantized and the electron and
proton carry the smallest amounts of charge that
something can have then how much charge is
that?

e=1.60x 1071C (1)
The symbol e is the amount of charge on the
electron and proton. Electron carries —e And
the proton carries e. C' is the international sys-
tem of units for charge called “Coulombs”.

In nature the smallest charge we ever find on
an object is e and any charge on any object can
be written in terms of IV x e. However e is so
small that amount of charge on a daily object
can be treated as continuous.

So how many electrons are there in 1 C?

1.00C

—_—— = 2
1.60 x 10~19C @)

The coulombs cancel — a number of something
is dimensionless, and we get

1.00C

_ Y G5 x 108 =
1.60 x 10-19C %

(3)
Many!

e Is so small that it wasn’t until 1909 that
Robert A. Millikan and Harvey Fletcher Were
able to measure the rough charge of an electron
using what was called to Millikan oil drop exper-
iment.



II. COULOMB DEMO

III. TRIBO CHARGING

In the books they mention Tribo Charging.
This is giving an electrical charge to an object by
rubbing against another object. This is actually
a very complicated process. Rubbing two things
together can give one a positive charge in one
a negative charge. One becomes positive and
the other becomes negative — charge must be
conserved.

IV. INTERACTING CHARGES

How do two charges interact?  Interact
through the electric field. Ultimately though the
interactions are performed by a different parti-
cle, the photon. A photon is the smallest quan-
tum of light. It may be hard to imagine but all
electric interactions are mediated by light.

e For our purposes it’ll be sufficient to talk
about the interaction through the electric
field.

e Like charges repel. Opposite charges at-
tract.

e For point particles this attraction or re-
pulsion can be described with Coulomb’s
law.

Coulomb’s Law:

Eg. Let’s take two-point charges ¢q; and g2
separated by a distance r. The magnitude of the
force F' between the two charges is

—

r2

(4)

k — just a constant. The purpose of k is to scale
the force by something so that our units have
physical meaning. k itself has meaning, can also
be expressed as

k= = 8.99 x 10Nm?

e

(®)

€0 is an important number called the permittiv-
ity of free space. Related to the speed of light
traveling through vacuum. Eureka!! The speed
of light shows up in Coulomb’s law!

Compaire with gravitational force

Take two protons, each with charge e And
separate them by 1m. What is the magnitude of
the force between them?

IQ1||Q2\
r2

F.=k =2.30 x 1078 (6)

Now what about the gravitational force between
these Same protons the same distance apart?

M2 553 %1071

Fy=G™ (7)

Wow! That is much smaller than the electric
force between them. Another distinction is that
the gravitational forces always attractive. The
electric force can change sign depending on the
charges that are interacting.



How can we understand the position
dependence in Coulomb’s law?

/1\ ﬁ'. electric field lines
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If the field lines communicate the
force between two particles than
how does the number of field
lines depend on the distance
between two particles?
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So the number of field
lines per unit area is
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What happens when
there are more than two charges?
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Without any equations
what is the net force on particle B?

— 0

What about the net force on particle A?

More complicated but we only need to add
the pairwise forces.



The force between two particles
has a direction. Use vectors.

Force on A from B
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Define coordinate ax
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The question:
What is the force on 4

from 11& 1’3

/E; ¢—— Same notation

as before
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The Electric Field
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Conductors & Insulators
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In materials charge carriers are electrons

In conductor imagine a mostly
free gas of electrons.
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Relates charge distribution
to electric field.
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_Electric potential

- -

’ . ( line of equal potential
. energy for some other body
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Very similar story for electric potential

line of equal potential
energy for 1.

Close to the surface the
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Electric Potential Difference from Point Charge

Must use calculus so we will
have to take it as a rule.
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Equipotential Surfaces

——) Always perpendicular to electric field lines

— Net force does no work along
equipotential

— Equipotential line
in 2D.

— Equipotential surface
in 3D.



Can sum over potential from
individual bodies to get total potential.
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