
Unit 14 Electrostatics and Coulomb's Law

The instructor will do two demonstrations in class that will motivated discussion over the
topics in this unit.

Demonstration 1

 Two balloons attached are rubbed on the hair of a student volunteer.  The two
balloons will then be suspended above pieces of torn paper.

 

Observation 1:
 
 The balloons repel each other and they attract the pieces of paper.  There is both
force of attraction and repulsion.

Demonstration 2

 A balloon is rubbed against the hair of a student volunteer.  The balloon is
brought near a thin stream of running water.



Observation 2:

 The stream of water is bent towards the balloon.

 
To understand these phenomena we must first learn some basic but nonetheless important
facts about atoms.

- Every atom is composed of , around which are distributed a number ofnucleus
 much smaller particles called electrons.

- The nucleus is composed of two kinds of particles: and protons neutrons.

- A proton has just about the same mass as a neutron. However, a proton is about
 2000 times as massive as an electron.

- Like the bits of paper attracted to the balloon rubbed with hair, protons and
 electrons are attracted to one another.

- Because of this force of attraction, elections "orbit" the nucleus much like the
 planets orbit the sun.  (This model of the atom is now antiquated.  But for our
 purposes it will suffice.)

 Following is a basic depiction of a helium atom.

- Two or more protons brought together will try and repel one another, much like
 the two balloons did that were rubbed with hair.  Protons do not fly apart because
 they are held together, along with the neutrons, by a much strong force called the
 strong nuclear force.

- Electrons also exhibit the property that when brought together, they repel one
 another.

- This force of attraction and repulsion is called the  or electrostatic force electric
 charge.



- A proton is said to be positively charged and an electron negatively charged.
 Their respective notations are p  and e Þ

- From what has been said so far, we can conclude that like charges repel each
 other and unlike charges attract each other.  "opposites attract"

- All "normal" atoms have exactly as my electrons surrounding the nucleus as there
 are protons in the nucleus.

- If an atom loses some electrons it becomes positively charged, because the atom
 now has more protons than electrons.

- If an atom gains some electrons it becomes negatively charged, because it now
 has more electrons than protons.

- A negatively or positively charged atom is called an ion.

This above diagram shows a sodium atom losing one of  its
11 electrons and becoming a positively charged sodium ion.

The above diagram shows a chlorine atom gaining an
electron and becoming a negatively charged chlorine ion.



- If two negatively charged ions are brought together, they will repel each other.
 The same is true for two positively charged ions.  Oppositely charge ions attract
 each other.

- When the balloons were rubbed with hair, electrons were transferred from the
 hair to the balloons.  The atoms that make up the surface of the balloon became
 negatively ionized.  This explains why the balloons repelled each other.

- To understand why the balloon attracted pieces of paper and bent the flow of
 water, we must distinguish between two ways of charging an object:  charging
 by contact (friction); charging by induction. and, 

- Charging by contact occurs when one object is rubbed by another one, such as
 the hair rubbing the balloon.

- It's interesting to note that the words , and  beginelectron, electricity electronic
 with "electr..." .  These three words l originate from the Greek word "elektor,"
 meaning "beaming sun." In Greek, "elektron" is the word for amber.

 "Amber is a very pretty goldish brown 'stone' that sparkles orange and yellow in
 sunlight. Amber is actually fossilized tree sap! It's the stuff used in the movie
 'Jurassic Park.' Millions of years ago insects got stuck in the tree sap. Small
 insects which had bitten the dinosaurs, had blood with DNA from the dinosaurs in
 the insect's bodies, which were now fossilized in the amber. Ancient Greeks
 discovered that amber behaved oddly - like attracting feathers - when rubbed by
 fur or other objects. They didn't know what it was that caused this phenomenon.
 But the Greeks had discovered one of the first examples of static electricity . The
 Latin word, electricus, means to "produce from amber by friction." So, we get our
 English word electricity from Greek and Latin words that were about amber."
     http://www.solcomhouse.com/electricity.htm

- Charging by induction occurs when a charged object is brought near the surface
 of something like a piece of paper.  When this occurs, electrons in the paper
 are induced to relocate into groups of positive and negative charges.

 Consider the two insulated metal spheres, A and B, shown below.  (a) They touch
 each other, so in effect they form a single unit.  (b) When a negatively charged
 rod is brought near A, electrons in the metal, being free to move, are repelled as
 far as possible.  (c) If A and B are separated while the rod is still present, (d) they
 will each be equally and oppositely charged.
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- Recall that when the balloons were brought close to the paper, the electrons in the
 paper were induced to relocate.  Since the charges are on opposites ends of the
 papers, we say that the paper is polarized.

Polarized Paper

- Some molecules are naturally polarized.  That is, electrons naturally spend more
 time in one part of an atom than another, which results in a separation of charge.
 Such molecules are called dipoles.

- You should now be able to understand why the stream of water bent towards the
 balloon.

Coulomb's Law

Definition: The electrostatic force of attraction or repulsion is called .electric charge

We have already seen that the smallest pieces of matter that have electric charge are the
proton and the electron and that protons are positively charged and electrons are
negatively charged.

Any object that is electrically charged has an excess or deficiency of some whole number
multiple of the charge of an electron.  It cannot have a charge equal to, for example, 1 "

#

or 1000 electrons."
%

Charge is "grainy" or made up of elementary units called quanta.  We say that charge is
quantized, with the smallest quantum of charge being that of the electron (proton).  No



smaller units of charge have ever been observed, except for the  that make upquarks
nucleons.  However, quarks never exist in isolation, but in combinations whose
composite charge is always some multiple of the charge of an electron.

Definition:   The unit of charge is the  abbreviated  named after Charlescoulomb, ,C
Coulomb.  The coulomb is defined in terms of a current unit called the ampere (A),
where current is defined as the flow of charge  (usually electrons) .  When the current in a
wire is 1 amp or 1 A, then the number of electrons that flow past a given point in the wire
in 1 second is 1 C, where 1 C electrons.œ 'Þ#& ‚ "!")

If 1 C electrons, then the charge on one electron (proton) is given byœ 'Þ#& ‚ "!")

1/  C.'Þ#& ‚ "! œ "Þ' ‚ "!") "*

For two charged objects that are much smaller than the distance between them, the force
between the two objects varies directly as the product of their charges and inversely as
the square of the distance between them.  This force that acts along a straight line from
one charged object to the other is an inverse square law, electrostatic force that is
mathematically depicted by .Coulomb's Law

J œ 5 ; ;
<
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#

where  is the distance between the charged particles, represents the quantity of charge< ;"
of one particle,  the quantity of charge on the other particle, and  is the proportionality; 5#

constant, where
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C
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Lecture Problem

 The electron and proton of a hydrogen are separated on the average by a distance
of about 5.3 10 m.  Find the magnitudes of the electric force and the gravitational‚ ""

force that each particle exerts on the other.

Solution:  For this and other problems, you will need the information in the table below.

 Use this white space to record the solution.

Lecture Problem

 Consider three point charges at the corners of a triangle as shown below, where
; œ '8Gß ;# œ  #Þ!! 8Gß +8."

;$ œ &8Gß ;$Þand the distances of separation are shown.  Find the resultant force on 



 Use this white space to record the solution.



Problems for Coulomb's Law

1. Two charged bodies exert a force of 0.48 N on each other.  What will be the force
 if they are moved so that they are one-eighth as far apart?

2. How man electrons make up a charge of 100 µC?

3. What is the magnitude of electric force of attraction between an iron nucleus
   and its innermost electron if the distance between them isÐ; œ #'/Ñ
 1.5 10 m?‚ "#

4. How far apart must two electrons be if the force between them is to be
 2.0 10 N?‚ "#

5. What is the magnitude of the force of a 10-µC charge exerts on a 3.0-µC charge
 2.0 m away?

6. A 27-g piece of aluminum that was originally electrically neutral is given a
 charge of 1.6 µC.  (a)  How many electrons were removed from the aluminum
 in the charging process?  (b)  What fraction of electrons originally in the
 aluminum were  involved in the charging process?



7. A 4.5 10 C charge is located 3.2 m from a 2.8 10 C.  Find the‚  ‚* *

 magnitude of the electrostatic force by one charge on the other.

8. The Nucleus of Be, which consists of four protons and four neutrons, is very)

 unstable and spontaneously breaks into two alpha particles (helium nuclei, each
 consisting of two protons and two neutrons).  (a)  What is the force between the
 two alpha particles when they are 5.00 10 m apart?  (b)  What will be the‚ "&

 magnitude of the acceleration of the alpha particles because of this force?

9. Suppose that 1.00-g of hydrogen is separated into electrons and protons.  Suppose
 also that the protons are placed at the Earth's North Pole and the electrons are
 placed at the South Pole.  What is the resulting compression force on the earth?

10. An electron is released a short distance above the surface of the Earth.  A second
 electron directly below it exerts an electrostatic force on the first just great
 enough to the cancel the gravitational force of on it.  How far below the first
 electron is the second?



11. A 2.2 10 C charge is on the x-axis at x 1.5 m and a 5.4 10 C‚ œ  ‚* *

 charge is on the x-axis at x 2.0 m.  Find the net force exerted on a 3.5 10 Cœ ‚ *

 located at the origin.

12. Calculate the magnitude and direction of the Coulomb force on each of the three
 charges shown below.

 



13. Three charges are shown in the figure below.  Find the magnitude an direction of
 the electrostatic force of the 5 nC charge.

 

14. Three charges are shown below.  Find the magnitude and direction of the  
 electrostatic force on the 6 nC charge.

 


