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❏ lectures will be posted frequently, mostly every day if I can 
remember to do so



F1  =                      r
   q1 q2        ^
4 π ε0 r2

F2  =                    (− r )
   q1 q2            ^
4 π ε0 r2

r



What if there are several charges? 
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q = 1 μC

q1 = 2 μC

q2 = 3 μC

q3 = -3 μC

q4 = 2 μC



Force on q due to a continuous charge distribution 

❏

❏ ρ

❏

❏





Fy =     1        Q q0   L
4 π ε0   (L2+R2)3/2



Action at a distance
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Enter Michael Faraday

● 1791 – 1867
● Chemist and Physicist
● Self-taught
● Responsible for

● modern electric motor, 
generator, and transformer

● We’ll see his name many 
times during  the course

● And I have two short 
videos about him



Fields
● Faraday was struck by the 

way iron filings lined up 
around a bar magnet .

● Perhaps the magnet is altering 
space around itself, and this 
alteration is responsible for 
the long range force .

● Faraday’s idea (he called it 
“lines of force”) came to be 
called a field .

● It’s very intuitive (like most of 
Faraday’s thoughts) but  the 
idea of a field was placed on a 
firm mathematical footing later 
by James Clerk Maxwell.



Compare “action at a distance” and “field”
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In modern language

 photons 
are responsible 
for creating the 
electromagnetic field; 
they are the force carriers 
of the electromagnetic 
forces.
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Force due to a gravitational field
● Suppose I put a test 

mass m at the earth’s 
surface.

● It experiences a 
gravitational field g

● I can calculate the 
force experienced by m 
as 

F = m g 
● No matter what m is, if 

I  know the field g, I 
can calculate the force 
on m.

m

g

In fact, I can use m to measure 
the value of g anywhere:

g = F/m



Force due to a gravitational field
●
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Effects on Earth’s gravity



Spoiler alert

The tidal wave on the water planet in the movie Interstellar was
caused by the proximity of a nearby black hole (and thus large
tidal forces). However, the fact that the water seems to be 2 feet
deep kind of negates that. 
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E = F/qo

Force is a vector, so is the electric
field. Since we made our test 
charge positive, the field is in the
same direction as the force.

Q = source of E ;
q0 = a small test charge located at r ;
Definition of the field:   E(r) = F /q0 ;
Important: E is a vector (like F).





The source of the electric field = a 
point with charge Q.

q0 = a small positive test charge, 
located at r with respect to Q.

The force on q0 (Coulomb force) is

The electric field at r is, by 
definition,

Now forget about the test charge. 
The electric field is present even if 
there is no test charge. The test 
charge is just a way to measure E(r).




