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Exercise 1.
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Exercise 2.

(a) Calculation of the gravitational force:

FG = γ
m2

R2
= 1.5 · 10−13 N

with mass m:

m =
4πr3ρ

3
= 47.501 g

(b) Calculation of the Coulomb force:

FC =
1

4πεo

Q2

R2

Q = Q1 = Q2 is the total charge of the spheres. Q is equal to the number of electrons times the charge
of an electron: Q = n · q. The number of electrons is given by:

n =
m ·NA

A

with NA = Avogadro’s number, and A = atomic mass. So:

FC =
n2q2

4πε0R2
=

m2N2
Aq

2

4πε0A2R2
=

4πr6ρ2N2
Aq

2

9ε0A2R2
= 4.38 · 1018 N
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(c) Now FG
!

= FC must hold:

FC

FG
=

1

4πεo

Q2

R2

γ
m2

R2

=
1

4πεoγ

(Q
m

)2 !
= 1

(Q
m

)
=
√

4πεoγ = 8.614 · 10−11 C/kg

The result is independent of the body types interacting with each other. The result is also valid for
the interaction between two protons or two electrons. In latter case, the elementary charge and the
electron’s mass must be used for Q and m.

Exercise 3.

(a) Dipole moment:
~p = q · ~a = 3.58 · 10−30 C ·m

(b) The forces ~F− and ~F+ have the same magnitude but point to opposite directions. This leads to a
torque of the dipole around its center and finally a parallel alignment of the dipole to electric field lines.
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Forces and charges in the electric field:

F+ = E · q+ resp. F− = E · q−

Torques:
~M± = ~r × ~F± ⇒ M± = r± · F± · sinα

with r = d/2:
MT = 2 · r · E · ||q|| · sinα = 4.53 · 10−27 Nm

(c) In an inhomogeneous electric field, the forces ~F− and ~F+ are not equal in magnitude. As a result,
the dipole will be drawn to the stronger electric field.

Exercise 4.

(a) For the ratio of charge to mass we get:

|e|
me

=
1.602 · 10−19 C

9.109 · 10−31 kg
= 1.76 · 1011

C

kg

(b) For the acceleration through the electric field we get:

|a| = |Fel|
me

=
|e| · |E|
me

=
1.602 · 10−19 C · 100 NC−1

9.109 · 10−31 kg
= 1.76 · 1013

m

s2

The electron will be accelerated in the opposite direction of the field lines.
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