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1.1 Syllabus of the Course
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1.2 Structure of the Course
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1.3 Book list
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Electrostatics - problem sheets
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1.4 Electromagnetism through the years
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Electromagnetism through the years
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Electromagnetism through the years
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Electromagnetism in everyday life
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1.5 Summary of the properties of charge
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1.6 Properties of charge: Millikan Experiment

I Millikan oil drop experiment : observe small oil drops inside a
parallel plate capacitor.

I Oil drops became electrically charged through friction with the
nozzle as they are sprayed (or alternatively ionize with X-rays).

I Oil drop soon reaches terminal velocity due to friction with air.
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Properties of charge: quantization

Stokes’ Law : retarding frictional force on sphere moving in
viscous fluid → FStokes = 6πηrvT

[η = dynamic viscosity, r = sphere radius, vT = terminal velocity]

No E-field Fg = Fstokes : particle moving with VT (measure)

mg = 4π
3 r3(ρoil − ρair )g = 6πηrvT

Determine r =
√

9ηvT
2(ρoil−ρair )g

and

hence Fg = 18πηvT

√
ηvT

2(ρoil−ρair )g

Ramp E-field until particle levitates (v = 0,Ftotal = 0)

Fg = qE → determine q
Millikan found : q = Ne (N an integer) with
e = 1.592× 10−19C
Charge is quantized
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1.7 Properties of charge: Coulomb’s Law
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The relative strength of the Coulomb force

Coulomb 1785 : Magnitude of the force between two point
charges q1,q2

Felec = 1
4πε0

q1q2
r2

Newton 1665 : Magnitude of the force between two point
masses m1,m2

Fgrav = G m1m2
r2

For two protons :
Fgrav
Felec

= G × 4πε0(
mp
e )2

= 8× 10−37 !!

The electrostatic force is many magnitudes stronger than
the gravitational force !
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1.8 The Principle of Superposition
The principle of superposition states that, for all linear systems,
the net response caused by two or more stimuli is the sum of
the responses that would have been caused by each stimulus
individually.
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Principle of Superposition
I Start with two charges qi and qj separated by rij
Fij is the force on qj due to qi

→ Fij =
qi qj

4πε0r2
ij
r̂ij where r̂ij = rij/|rij|

Next go to three charges : total force on charge q0
F0 = F10 + F20

F0 = q0q1
4πε0r2

10
r̂10 +

q0q2
4πε0r2

20
r̂20

In general :

Fj =
1

4πε0

∑
i(i 6=j)

qi qj

r2
ij

r̂ij

Principle of Superposition also
works for

Fj

qj
= 1

4πε0

∑
i(i 6=j)

qi
r2
ij
r̂ij

This is a vector field that only depends on the distribution
of other charges : the electic field generated by the other
charges.
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Example 1 : principle of superposition
Three charges arranged at corners
of an equilateral triangle, +Q and
+Q on top, −2Q on the bottom.
Calculate the force on −2Q.

F−2Q = −2Q·Q
4πε0r2

10
r̂10 +

−2Q·Q
4πε0r2

20
r̂20

→ F−2Q = −Q2

2πε0a2 (r̂10 + r̂20)

Now r̂10 = 1
a

(
+a/2

−
√

a2 − a2/4

)
; r̂20 = 1

a

(
−a/2

−
√

a2 − a2/4

)
r̂10 + r̂20 = 1

a

(
+a/2− a/2

−
√

3a/2−
√

3a/2

)
=

(
0
−
√

3

)
Hence F−2Q =

√
3Q2

2πε0a2

(
0
1

)
This is as expected : there is only a y component of F due
to symmetry.
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