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PHYS 1441 – Section 002
Lecture #3

Wednesday, Sept. 6, 2017
Dr. Jaehoon Yu

• Chapter 21
– Coulomb’s Law
– The Electric Field & Field Lines
– Electric Fields and Conductors
– Motion of a Charged Particle in an Electric Field
– Electric Dipoles

Today’s homework is homework #2, due 11pm, Monday, Sept. 11!!
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Announcements
• There are still two of you who haven’t registered for homework 

system
– It will be very hard to pass this course without the homework!
– I strongly suggest you to register ASAP!

• 1st Term exam
– In class, Wednesday, Sept. 20: DO NOT MISS THE EXAM!
– CH1.1 to what we learn on Monday, Sept. 18 + Appendices A1 – A8
– You can bring your calculator but it must not have any relevant formula pre-input
– BYOF: You may bring a one 8.5x11.5 sheet (front and back) of handwritten formulae 

and values of constants for the exam
– No derivations, word definitions, or solutions of any problems !
– No additional formulae or values of constants will be provided!

• Colloquium today at 4pm!  Physics faculty expo!
• Submit the special project now!
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Electric Charge in an Atom
• It has been understood through the past century that an atom 

consists of 
– A positively charged heavy core ç What is the name?

• This core is the nucleus and consists of neutrons and protons.
– Many negatively charged light particles surround the core ç What 

is the name of these light particles?
• These are called electrons
• How many of these in an atom? 

• So what is the net electrical charge of an atom?
– Zero!!!   Electrically neutral!!!

• Can you explain what happens when a comb is rubbed on a 
towel?
– Electrons from the towel get transferred to the comb, making the 

comb negatively charged while leaving positive ions on the towel.
– These charges eventually get neutralized primarily by water 

molecules in the air. 

As many as the number of protons in the nucleus!!
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Insulators and Conductors
• Let’s imagine two metal balls of which one is charged
• What will happen if they are connected by 

– A metallic object?
• Some charge is transferred. 
• These objects are called conductors of electricity.

– An wooden object?
• No charge is transferred
• These objects are called nonconductors or insulators.

• Metals are generally good conductors whereas most other 
materials are insulators.
– There are third kind of materials called, semi-conductors, like silicon 

or germanium è conduct only in certain conditions
• Atomically, conductors have loosely bound electrons while 

insulators have them tightly bound!
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Induced Charge
• When a positively charged metal object is 

brought close to an uncharged metal object
– If two objects touch each other, the free 

electrons in the neutral one are attracted to the 
positively charged object and some will pass 
over to it, leaving the neutral object positively 
chargedè Charging by conduction

– If the objects get close, the free electrons in the 
neutral one still move within the metal toward 
the charged object leaving the opposite side of 
the object positively charged.   

• The charges have been “induced” in the opposite 
ends of the object.
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Induced Charge
• We can induce a net charge on a metal object by 

connecting a wire to the ground.
– The object is “grounded” or “earthed”.

• Since the Earth is so large and conducts, it can give or 
accept charge. 

– The Earth acts as a reservoir of electric charge.
• If negative charge is brought close to a neutral metal

– Positive charge will be induced toward the negatively charged 
metal.  

– The negative charges in the neutral metal will be gathered on the 
opposite side, transferring through the wire to the Earth.

– If the wire is cut, the metal bar has net positive charge.
• An electroscope is a device that can be used for 

detecting charge and signs.  
– How does this work?

ground
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Coulomb’s Law
• Charges exert force to each other.  What factors affect the 

magnitude of this force?
– Any guesses?

• Charles Coulomb figured this out in 1780’s.
• Coulomb found that the electric force is

– Proportional to the multiplication of the two charges
• If one of the charges doubles, the force doubles.
• If both the charges double, the force quadruples.

– Inversely proportional to the square of the distances between them.
– Electric charge is a fundamental property of matter, just like mass.

• How would you put the above into a formula?
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• The value of the proportionality constant, k, in SI 
unit is 

• Thus, 1C is the charge that gives F~9x109N of 
force when placed 1m apart from each other.

1 2Q Q×
Coulomb’s Law – The Formula

• Is Coulomb force a scalar quantity or a vector quantity? Unit?
– A vector quantity. The unit is Newtons (N)!

• The direction of electric (Coulomb) force is always along the line 
joining the two objects.

– If the two charges are the same: forces are directed away from each other.
– If the two charges are opposite: forces are directed toward each other. 

• Coulomb force is precise to 1 part in 1016.
• Unit of charge is called Coulomb, C, in SI.

F 1Q 1 2
2

QQF k
r

=2r
∝ 2Q× Formula

9 2 28.988 10  N mk C= × ⋅
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Electric Force

• Does the electric force look similar to another force?  What is it?
– Gravitational Force

• What are the sources of the forces?
– Electric Force: Electric charges, fundamental properties of matter
– Gravitational Force: Masses, fundamental properties of matter

• What else is similar?
– Inversely proportional to the square of the distance between the sources of the 

force è What is this kind law called?
• Inverse Square Law

• What is the difference?
– Gravitational force is always attractive.
– Electric force depends on the type of the two charges. (must pay good attention to 

the signs due to the sign of the charge and the vector force directions!!)

1 2
2

QQF k
r

=

and Gravitational Force
1 2
2

M MF G
r

=Extremely
Similar
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The Elementary Charge and Permittivity
• Elementary charge, the smallest charge, is that of an 

electron: 
– Since electron is a negatively charged particle, its charge is –e.

• Object cannot gain or lose fraction of an electron.
– Electric charge is quantized.

• It changes always in integer multiples of e.

• The proportionality constant k is often written in terms of 
another constant, ε0, the permittivity* of free space.  They 
are related                 and                                                 . 

• Thus the electric force can also be written as:
• Note that this force is for “point” charges at rest.

191.602 10e C−= ×

01 4k πε= 12 2 2
0 1 4 8.85 10k C N mε π −= = × ⋅

1 2
2

0

1
4

QQF
rπε

=

*Mirriam-Webster, Permittivity: The ability of a material to store electric potential energy under the influence of an electric field 
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Example on Coulomb Force 
• Electric force on electron by proton.  Determine the 

magnitude of the electric force on the electron of a 
hydrogen atom exerted by the single proton (Q2=+e) that 
is its nucleus.  Assume the electron “orbits” the proton at 
its average distance of r=0.53x10-10m. 

19
1 1.602 10Q e C−= − = − ×

1 2 1 2
2 2

0

1
4

QQ QQF k
r rπε

= =Using Coulomb’s law

Each charge is 19
2 1.602 10Q e C−= + = ×and

So the magnitude of the force is

1 2
2

QQF k
r

=
( )( )

( )
19 19

9 2 2
210

1.6 10 1.6 10
9.0 10

0.53 10

C C
N m C

m

− −

−

× ×
= × ⋅

×
88.2 10 N−= ×

Which direction? Toward each other…


