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Gravity
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• The gravitational force of attraction on each object is equal and opposite.

• The gravitational force acts through an object’s centre of mass.

• Objects can often be assumed to be point masses with all their mass residing at 
their centre of mass.



Gravitational and Electric Fields

• Any body with mass 
produces a gravitational 
field around it.

A field is a region of space where at every point we can define a vector value for 
the field.

• For a gravitational field, this 
vector is the gravitational 
force on an object placed in 
the field.



Gravitational and Electric Fields

Gravitational fields can be represented by gravitational field lines.

• The density of these lines represents the strength of the gravitational field.

• The direction of these field lines represent the direction of the force on an 
object in the field.

For a spherical 
mass the field 
lines are radial.

Close to the surface of the Earth, field 
lines are almost parallel.
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• A test mass is a mass small enough that it 
does not noticeably affect the field.

 



Exemplar Statement Exam Question

1) Close to the surface of the Earth, its gravitational field 
can be considered to be uniform, but from a large 
distance away, the field is radial. State one similarity and 
one difference between these two models for the field.

[2 
marks]

Gravitational and Electric Fields

Statement Question: Requires 
simple sentence answer.

 

Context: Gravitational fields. Recall 
form of gravitational field lines.

Mention both.
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[1 Mark]

• Uniform and radial gravitational field lines both point towards 
centre of Earth (perpendicular to surface of Earth).

Similarity:

Difference:
• Uniform gravitational field lines are parallel whereas radial field 

lines get further apart farther from Earth (as field gets weaker).

[1 Mark]



Newton’s Law of Gravitation
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By studying the motion of the planets, Newton established his theory of gravitation.

• The magnitude of the gravitational force is proportional to the product of the 
masses.

• The magnitude of the force is inversely proportional to the separation squared.
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Exemplar Calculation Exam Question

•  

Gravitational and Electric Fields

Key data which will be 
required for the 
calculation.

Calculation Question: Mathematical 
question – we need to show our working.

 

Context: Recall Newton’s 
Law of Gravitation.

 

What key data value can 
we derive from this?
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Exemplar Calculation Question Answer

Write out Newton’s Law of Gravitation:

 

 

Determine radius of orbit:

 
[1 Mark]
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Exemplar Calculation Question Answer

 

[1 Mark]

Determine force:

 

 

 [1 Mark]



Gravitational Potential
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To move a mass away from a gravitational source work must be done to 
convert energy to gravitational potential energy.
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When referring to gravitational potential we must define a zero-point.

• Any point closer to the planet’s surface has a negative value of potential.
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Exemplar Plot/Sketch Exam Question

1) A rocket travels at a uniform speed away from 
Earth. Sketch the variation of the gravitational 
potential of the rocket as it gets farther away from 
Earth.
[3 marks]

Gravitational and Electric Fields

Context: Gravitational 
potential. Recall equation.

Hints for axes 
labels.

Plot/Sketch Question: Draw a graph which is neat 
and easy for the examiner to interpret.

Marks for correct axes 
labels and shapes.
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[1 Mark]

[1 Mark]

for asymptotes.

for reciprocal relation.

[1 Mark] for correct axis labels.



Planetary Fields
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A satellite in orbit around the Earth moves in circular motion.

• Here the centripetal force is provided by gravity.
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Satellites can be placed in orbits around Earth.

 

Geostationary satellites remain above the same 
point of the Earth as the planet spins. They are 
used as global positioning satellites (GPS).



Exemplar Calculation Exam Question

•  

Gravitational and Electric Fields

Calculation Question: Mathematical 
question – we need to show our working.

 

Context: Orbits. Recall 
Kepler’s Law.

Answer should be a 
distance with units of 
metres (m).

Recall period 
of orbit.
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Exemplar Calculation Question Answer

Use Kepler’s 3rd Law

 
 

 

 

 

[1 Mark]

[1 Mark]
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Electric Fields

Gravitational and Electric Fields

The electrostatic force acts between charged particles.

• Unlike charges have an attractive electrostatic force.

• Like charges have a repulsive electrostatic force.

Charged particles can be treated as point charges with all their charge at their 
centre.



Electric Field Lines
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Electric fields can be represented by electric field lines.

• The density of these lines represent the strength of the electric field.

• The direction of these field lines represent the direction of the force on a 
positive test charge in the field.



Electric Field Lines
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• Electric fields from 
point charges are 
radial.

• Electric fields from 
charged plates are 
uniform.



Electric Field Strength
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• A test charge is a charge small enough that 
it does not noticeably affect the field.
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A charged particle in a uniform electric field will experience a constant 
acceleration due to the electric field.

 

• Once we have determined the constant acceleration we can apply the SUVAT 
equations to predict the particle’s motion.

• We can neglect the effect of gravity as insignificant in comparison.



Exemplar Calculation Exam Question

•  

Gravitational and Electric Fields

Key information.

Calculation Question: Mathematical 
question – we need to show our working.

 

Context: Recall 
equation for 
electric field 
strength.

Answer should 
be a charge 
with units of 
Coulombs (C).
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Exemplar Calculation Question Answer

Write out equation for electric field strength:
 

 

Resolve forces acting on the droplet:

   [1 Mark]
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Exemplar Calculation Question Answer

Determine mass of droplet:

 

Determine the charge of the droplet:

 

[1 Mark]

  

 
 [1 Mark]



Coulomb’s Law
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• The magnitude of the force is proportional to the product of the charges.

• The magnitude of the force is inversely proportional to the separation squared.
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We can use Coulomb’s Law to determine the electric field 
strength of a radial field.

 

• The electric field strength follows an inverse square relation.



Properties of Electric Fields

Gravitational and Electric Fields

Electric fields share some similarities and some differences with gravitational 
fields:

• Both provide a force which is inversely proportional to the square of the 
distance from source.

• Point masses and point charges both produce radial fields.

• Electric fields affect charge while gravity affects mass.

• Gravity is always attractive while the electrostatic force can be attractive or 
repulsive.

• Electrostatic forces can be shielded but gravity cannot be.



Exemplar Explanation Exam Question

•  

Gravitational and Electric Fields

Explanation Question: Bullet-point format. 
Discussion may require comparison between 
particles.

Context: Motion of charged particles.

 

Include 
both for 
full 
marks!
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V
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• Electron and proton have equal and opposite charges so will 
experience equal and opposite vertical forces travelling 
between plates. [1 Mark]

[1 Mark]

[1 Mark]

• Each particle is attracted to the oppositely charged plate and 
the charge on this plate is reduced when the electron/proton 
collides with it.

• Change in charge of plate is equal for both particles which 
causes same fluctuation in the voltmeter reading.
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• Proton has much higher mass than electron so magnitude of 
its vertical acceleration is much lower.

[1 Mark]

[1 Mark]

• Therefore electron collides with detector plate first 
(corresponding to first signal) and proton collides with plate 
second (corresponding to second signal).



Electric Potential

Gravitational and Electric Fields

A charged particle moving between charged plates 
along electric field lines has work being done on it 
by the field.

• The electric field strength is equal to the 
voltage divided by distance between the plates.
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• This is equal to the electric potential 
energy of a charged particle in the field.
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• No work is done on a charged particle travelling perpendicular to the electric 
field.



Exemplar Calculation Exam Question

•  

Gravitational and Electric Fields

Calculation Question: Mathematical 
question – we need to show our working.  

Context: Electric fields. Force is variable over 
distance so solve by conserving energy.

Key data 
we will 
require.
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Exemplar Calculation Question Answer

Calculate initial K.E of electron

 

[1 Mark]
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Exemplar Calculation Question Answer

Calculate electric potential energy

 

[1 Mark]
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Exemplar Calculation Question Answer

Use conservation of energy

 

[1 Mark]

 

 



MINI MOCK PAPER

Mini Mock Paper



1. Explain what is meant by the gravitational 
potential at a point in a gravitational field.

[2 
marks]

Mini Mock Paper



Mini Mock Paper

• The work done per unit mass

• to move an object from that point to infinity.
[1 Mark]

[1 Mark]



•  
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Mini Mock Paper

[1 Mark]

[1 Mark]

 

 



Mini Mock Paper

 

[1 Mark]

• As the gravitational fields from Earth and Mars add up, the 
gravitational potential reaches a non-zero maximum more 
than halfway to Mars.

[1 Mark]

[1 Mark]

• As Opportunity approaches Mars, the gravitational potential 
decreases towards 20% of the value on the Earth’s surface.
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Mini Mock Paper

• Assume that the nucleus and the electron are both point 
charges. 

• Assume that the other electrons do not exert any force.

[1 Mark]

[1 Mark]
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[1 Mark]

 

[1 Mark]

[1 Mark]


