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~#.  Electrostatics

Electrical Forces and Charges

« Electricity is the fundamental

force that governs the nature of ELECTRICAL
the world around us L R

» Over large distances, the
electrical force is usually

insignificant because of the
balance of charge
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Electrical Forces and Charges

* Ancient Greeks noticed when amber and fur
were rubbed together, they would become
“attractive”

— The Greek work for amber is elektron
— Today this attractive property is called electric

« In thel750’s, Benjamin Franklin studied “static
electricity” &
— He imagined electricity as being a type of invisﬁble ‘
fluid present in all matter.
— When matter contained too little, it was “negatively”
charged.

— When it had an excess, it was “positively” charged
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» Gravity (billions of times weaker) FORCE
dominates when matter is neutral

What is Electric Charge?

« Property of matter that creates electric and
magnetic forces and interactions

¢ A property that causes subatomic particles,

protons and electrons, to attract or repel one

another.

Electrostatics is the study of electric charges

that can be collected and held in one place.

» The effects of electrostatics are observable over
a vast scale, from huge displays of lightning to
the submicroscopic world of atoms and
molecules

A Microscopic View of Charge

« Everything is made up of atoms . .
« Electric charges exist within atoms.  *

« When the paositive charge (protons) of the

nucleus equals the negative charge of the
surrounding electrons, then the atom is neutral.

« Acquiring charge is a process of

transferring electrons.

POSITIVE NEUTRAL NEGATIVE
CHARGE NO CHARGE CHARGE

3 Ways to Charge an Object

» Charging by friction
» Charging by conduction or contact
» Charging by induction




Charging by Friction i M

« |If two neutral objects are rubbed together, each
can become charged.

¢ For instance, when rubber and wool are rubbed
together, electrons from atoms on the wool are
transferred to the rubber, as shown in the figures
below.

- Charging by Friction

¢ The extra electrons on the rubber result in a net
negative charge. The electrons missing from the
wool result in a net positive charge.

* The combined total charge remains the same.

— Charge is conserved!

— individual charges never are created or destroyed.
e Separation of Charge:

— All that happens is that the positive and

negative charges are separated
through a transfer of electrons.

Conductors and Insulators

« Hold a plastic rod or comb at its midpoint and rub only
one end. You will find that only the rubbed end becomes
charged.

< In other words, the charges that you transferred to the

plastic stayed where they were put; they did not move.

A material through which a charge will not move easily is

called an electric insulator.

— Glass, dry wood, most plastics, cloth, and dry air are all good
insulators.

- Conductors and Insulators

Suppose that you support a metal rod on an insulator so
that it is isolated, or completely surrounded by insulators.
« If you then touch the charged comb to one end of the
metal rod, you will find that the charge spreads very
quickly over the entire rod.

A material that allows charges to move about easily is
called an electric conductor.

— Metals are good conductors because at least one electron on
each atom of the metal can be removed easily

~Charging by Conduction or
Contact

¢ Charging a neutral body by touching it with a
charged body

hitp:/fwnaw.physics.ncsu.edu/courses/py208/208animations/conduction.html
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Charging by Induction

« Charging an object without touching it

— A charged object is needed to charge an object by
induction.

— There is never any contact made between the
charged object and the object being charged.

— Only conductors can be charged by the induction.

— The object being charged ends up with a charge
which is the opposite of the object being used to
charge it.

— A ground must be used to create the charge on the
object. Grounding is the process of connecting a
body to Earth to eliminate excess charge.




- Charging by Induction

* Negatively-charged rod
near conductor.
— Separation of charge

- Charging by Induction -

* Ground removed while keeping
negatively-charged rod near
conductor.

- Charging by Induction

« Inducing a Positive Charge on a Sphere

- Charging by Induction

¢ Charging a Two-Sphere System by Induction
Using a Negative Object

Charging by Induction

Charge Polarization

« Separation of charges by the electrical
alignment of molecules (in insulators)

Molecules aligned or polarized




~ Charge Polarization

« Separation of charges by the electrical
alignment of molecules (in insulators)
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Charge Polarization

« Separation of charges by the electrical
alignment of molecules (in insulators)

Charge Polarization

« Polar covalent bonds: produced by the
unequal sharing of electrons

hip K12.iLusIGBSSCIPHYS/Classlestatics/u8l1e il

Electric Force

* What we know so far:
— There are two kinds of electric charges: positive and
negative.
— Charges exert forces on other charges at a distance.
— The force is stronger when the charges are closer
together.

— Like charges repel;
— opposite charges attract.

Coulomb’s Apparatus

¢ |n 1785, Charles Coulomb
determined the relationship
between force, charge and
distance

Play movie

Coulomb’s Law

— 1 9.9
F = K %
r

< UNITS

— Charge (g) measured in coulombs (C)

— Distance (r) measured in meters

— Force (F) in newtons

— Electrostatic constant (K) = 9.0 x 10° Nm?2/C2
« One coulomb is the charge of 6.24 x 108 electrons or

protons.
« The charge on a single electron is 1.60 x 10 1° C.

— The magnitude of the charge of an electron is called the

elementary charge.
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Coulomb’s Law  F =K==

* The electric force, like all other forces, is a vector
guantity. Force vectors need both a magnitude and a
direction.

« However, the Coulomb’s law eqguation gives only the
magnitude of the force.

* To determine the direction, you need to draw a diagram
and interpret charge relations carefully.

Similarities Between Coulomb’s Law and
Newton’s Law of Universal Gravitation

Electroscope

hp:/library.thinkquest org/10796/chiy/chLLhim

Electroscope

« Grounding a Positively-Charged Electroscope

Grounding a Negatively-Charged
Electroscope




