
PHY 120 - Lecture Notes by Alberto Rojo

Static electricity

1 What is static electricity?

Most people know that you can pick up bits of paper using a plastic object
that has been rubbed on a sleeve. At some time, you may have stuck a
balloon onto a wall after rubbing it on your clothing. You are probably
aware that both of these are caused by static electricity. What is static
electricity? Why is it called static? What causes static electricity? Is it
harmful? Can it be helpful?

All objects have both negative and positive electrical charge. In electric-
ity the particle involved is the electron, which carries a charge designated,
by convention, as negative. Thus, the various manifestations of electricity
are the result of the accumulation or motion of numbers of electrons.

When we speak of static electricity we refer to a familiar electric phe-
nomenon in which friction transfers charged particles from one body to
another. If two objects are rubbed together, especially if the objects are
insulators and the surrounding air is dry, the objects acquire equal and
opposite charges and an attractive force develops between them. The ob-
ject that loses electrons becomes positively charged, and the other becomes
negatively charged. The force is simply the attraction between charges of
opposite sign.

1



In summary: Static electricity is the imbalance of positive and
negative charges.

This type of electricity is called static because it does not move after
it has been “generated” unless it is connected to “earth” by an electrical
conductor. In order for the charges to remain static, they must be generated
on insulating materials. If static electricity is generated on a conductor, they
will travel to earth.

Important point: it is only the negative charge (electrons) that moves,
the positive charge stays where it is.

2 Conductors and insulators

In an atom, the protons and neutrons in the nucleus are held together very
tightly. Normally the nucleus does not change. But some of the outer
electrons are held very loosely. They can move from one atom to another.
An atom that looses electrons has more positive charges (protons) than
negative charges (electrons). It is positively charged. An atom that gains
electrons has more negative than positive particles. It has a negative charge.
A charged atom is called an ”ion.”

Some materials hold their electrons very tightly. Electrons do not move
through them very well. These materials are called insulators. Plastic,
cloth, glass and dry air are good insulators. Other materials have some
loosely held electrons, which move through them very easily. These are
called conductors. Most metals are good conductors.

3 Polarization (or induction)

A charged object will also attract something that is neutral. Think about
how you can make a balloon stick to the wall. If you charge a balloon by
rubbing it on your hair, it picks up extra electrons and has a negative charge.
Holding it near a neutral object will make the charges in that object move.
If it is a conductor, many electrons move easily to the other side, as far from
the balloon as possible. If it is an insulator, the electrons in the atoms and
molecules can only move very slightly to one side, away from the balloon. In
either case, there are more positive charges closer to the negative balloon.
Opposites attract. The balloon sticks. (At least until the electrons on the
balloon slowly leak off.) It works the same way for neutral and positively
charged objects.
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3.1 Electric shocks

As you walk across a carpet, electrons move from the rug to you. Now
you have extra electrons. Touch a door knob and ZAP! The door knob is
a conductor. The electrons move from you to the knob. You get a shock.
We usually only notice static electricity in the winter when the air is very
dry. During the summer, the air is more humid. The water in the air helps
electrons move off you more quickly, so you can not build up as big a charge.

3.2 Lightning

Lightning is the visible discharge of electricity that occurs when a region of
a cloud acquires an excess electrical charge, either positive or negative, that
is sufficient to break down the resistance of air. Benjamin Franklin, more
than 200 years ago, proved that lightning was an electrical discharge and
measured the sign of the cloud charge that produced it.

During a thunderstorm, lightning can occur within the cloud, between
clouds, between the cloud and the air, or between the cloud and the ground.

Lightning occurs when regions of excess positive and negative charge
develop within the cloud. Typically, there is a large volume of positive
charge in the upper regions of the cloud, a large negative charge in the
center e, and a small positive charge in the lower regions. These charges
reside on water drops, ice particles, or both. The complex steps that give
rise to this discharge are shown in the figure below.
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Triggered lightning; the discharge is triggered by the presence of the tall
tower By courtesy of (left and top right) Richard E. Orville, (bottom right)
William S. Bickel, University of Arizona, Tucson

The potential difference between cloud and ground is of the order of 10 to
100 million volts, and the peak currents in return strokes to negative leaders
are typically about 30,000 amperes (we will define these concepts later).
The entire lightning process is very rapid; the stroke of current reaches the
ground in about 30 milliseconds.

Thunder is produced by rapid heating of the air in the lightning channel
and a consequent increase in air pressure. The over-pressure causes the
channel to expand at supersonic speeds, which ultimately produces a sound
wave heard as thunder. The claps, rolls, and rumbles that characterize the
sound of thunder are produced by the complex geometry and tortuosity
of the lightning channel as well as the effects of the atmosphere and local
topography on sound propagation.

Lightning is a significant weather hazard and occurs at an average rate
of 50 to 100 discharges per second worldwide. Lightning rods and metallic
conductors can be used to protect a structure by intercepting and divert-
ing the lightning current into the ground as harmlessly as possible. When
lightning is likely to occur, people are advised to stay indoors or in a car,
away from open doors and windows, and to avoid contact with any electrical
appliances or plumbing that might be exposed to the outside environment.

3.3 Lightning rods

A lightning rod attached to a building gradually discharges a storm cloud,
releasing the pressure associated with its charge buildup and ultimately
preventing a lightning strike.

3.4 Sparks from metals in the microwave oven

The microwaves in a microwave oven consist of electric fields. Since electric
fields push on electric charges, microwaves cause electric currents to flow
through any metal objects they encounter. If you have trouble with the
concept of electric field, just think of charges in the metallic walls of the
microwave oven that are moving back and force. This cause forces on the
charges in the objects inside the oven. And this forces cause movements.
These movements of current don’t necessarily cause any problems in a mi-
crowave oven. In fact, metal objects only cause trouble in the microwave
oven when they are so thin or narrow that they can’t tolerate the elec-
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tric currents that flow through them or when they have such sharp ends
that electric charges leap off them as sparks. A thin object like a twist-tie
can’t tolerate the currents and becomes very hot. Its sharp ends also allow
charges to leap out into the air as sparks. But the thick, rounded end of
a juice concentrate can easily tolerates the currents sent through it by the
microwaves and doesn’t have the sharp ends needed to send charges into the
air as sparks. It doesn’t present any problem for the microwave oven.

3.5 How does scotch tape work?

Believe it or not, this is a subject under research. It is believed that, when
the adhesive touches the plastic tape below it, both surfaces become elec-
trically charged because one material steals electrons from the other. If the
adhesive steals electrons, then the adhesive will have more electrons than
protons (net negative charge), and the plastic tape will have fewer electrons
than protons (net positive charge.) Note that no friction was involved!
”Static electricity” in this case is also known as ”contact electrification”,
and friction is not a requirement. When the two surfaces become oppositely
charged, the electrical charges remain close together, therefor the spool of
tape remains neutral (the tape contains an equal number of positive and
negative charges.) However, when you peel the tape off of the spool, you
SEPARATE the adhesive from the tape below it, and this separates the
regions of opposite charge. A high voltage appears between the positive and
negative charges, and this causes a ”discharge” or spark to appear that is
sometimes visible. The separated charges leap together through the air, and
as with any spark, this creates light.

The sparking will only discharge the tape partially, and the piece of tape
will remain charged, as will the surface of the tape remaining on the spool.
If you peel two strips of tape from the spool, then hold them near each other,
they will repel each other (because alike charges repel, and unlike charges
attract.)

TRY THIS EXPERIMENT: take a long piece of tape and stick it to
a painted metal surface, such as a filing cabinet or a refrigerator. Take a
small AM radio, turn the volume up, then tune it between two stations so
you hear no signals except static. Hold the radio near the tape, then peel
the tape from the metal. You will hear a crackling noise from the radio.
Those sparks from the tape are creating radio waves, and your small radio
can detect them.
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