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• We can represent the Earth’s gravitational field by drawing field lines, as 

shown in Figure. 

• The arrows on the field lines show us the direction of the gravitational force 

on a mass placed in the field. 

• The spacing of the field lines indicates the strength of the gravitational field 

– the further apart they are, the weaker the field. 

• This is shown by the greater separation 

between the field lines.  

• The Earth is almost a uniform spherical mass – 

it bulges a bit at the equator.  

• The gravitational field of the Earth is as if its 

entire mass was concentrated at its centre.  

• As far as any object beyond the Earth’s 

surface is concerned, the Earth behaves as a point mass. 

• We describe the Earth’s gravitational field as radial, since the field lines 

diverge (spread out) radially from the centre of the Earth.  

• However, on the scale of a building, the gravitational field is uniform, since 

the field lines are equally spaced.  

• Jupiter is a more massive planet than the Earth and so we would represent 

its gravitational field by showing more closely spaced field lines. 
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Newton’s law of gravitation: 

Any two point masses attract each other with a force that is directly proportional 

to the product of their masses and inversely proportional to the square of their 

separation. 

 

*The force is attractive, so F is in the 

opposite direction 

to r. 

 

 

 

 

 

 

 

Derive,  𝐹 =
𝐺𝑀1𝑀2

𝑅2
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• If the distance is doubled, the lines are spread out over four times the 

surface area, so their concentration is reduced to one-quarter.  

• This is called an inverse square law. 

• We measure distances from the 

centre of mass of one body to the 

centre of mass of the other.  

• We treat each body as if its mass were 

concentrated at one point.  

• The two bodies attract each other with equal and opposite forces, as 

required by Newton’s third law of motion. 

 

Gravitational field strength g: 

 

• The gravitational field strength at a point is the gravitational force exerted 

per unit mass on a small object placed at that point. 

• To make the meaning of g clearer, we should write it as 9.81 N kg−1.  

• That is, each 1 kg of mass experiences a gravitational force of 9.81 N. 

• Since force is a vector quantity, it follows that gravitational field strength is 

also a vector. 

 

𝑔 =  
𝐹

𝑚
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Derive,     𝒈 =
𝑮𝑴

𝑹𝟐
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• So the gravitational field strength g at a point depends on the mass M of 

the body causing the field, and the distance r from its centre. 

• Gravitational field strength g also has units m s−2; it is an acceleration. 

Another name for g is ‘acceleration of free fall’.  

• Any object that falls freely in a gravitational field has this acceleration, 

approximately 9.81 m s−2 near the Earth’s surface. 

M
ega Lecture

For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

youtube.com/c/MegaLecture/
+92 336 7801123



A-Level Physics with Sir Pasha  Page 6 
 

Energy in a gravitational field 

• If we use g.p.e. = mgΔh, we are assuming that an object’s gravitational 

potential energy is zero on the Earth’s surface.  

• This is fine for many practical purposes but not, for example, if we are 

considering objects moving through space, far from Earth. 

• For these, there is nothing special about the Earth’s surface. 

• We start by picturing a mass at infinity, that is, at an infinite distance from 

all other masses.  

• We say that here the mass has zero potential energy.  

• This is a more convenient way of defining the zero of g.p.e. than using the 

surface of the Earth. 

• Now we picture moving the mass to the point where we want to know its 

g.p.e. 

• The work done on it is equal to the energy transferred to it, i.e. its g.p.e., 

and that is how we can determine the g.p.e. of a particular mass. 

 

Gravitational potential: 

• The gravitational potential at a point is the work done per unit mass in 

bringing a mass from infinity to the point. 

• For a point mass M, we can write an equation for ϕ at a distance r from M: 

 

ɸ = −
𝐺𝑀

𝑅
 

 

• Notice the minus sign; gravitational potential is always negative.  

• This is because, as a mass is brought towards another mass, its g.p.e. 

decreases. Since g.p.e. is zero at infinity, it follows that, anywhere else, 

g.p.e. and potential are less than zero, i.e. they are negative. 

 

 

 

 

M
ega Lecture

For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

youtube.com/c/MegaLecture/
+92 336 7801123



A-Level Physics with Sir Pasha  Page 7 
 

Important: 

• Picture a spacecraft coming 

from a distant star to visit 

the solar system.  

• The variation of the 

gravitational potential along its 

path is shown in figure.  

• We will concentrate on three 

parts of its journey: 

 

1.  

• As the craft approaches the Earth, it is attracted towards it.  

• The closer it gets to Earth, the lower its g.p.e. becomes and so the lower its 

potential. 

 

 

2.  

• As it moves away from the Earth, it has to work against the pull of the 

Earth’s gravity. 

• Its g.p.e. increases and so we can say that the potential increases.  

• The Earth’s gravitational field creates a giant ‘potential well’ in space.  

• We live at the bottom of that well. 

 

3. 

• As it approaches the Sun, it is attracted into a much deeper well.  

• The Sun’s mass is much greater than the Earth’s and so its pull is much 

stronger and the potential at its surface is more negative than on the earth 

surface. 

 

Fields – terminology: 

• Field strength tells us about the force on unit mass at a point; 

• Potential tells us about potential energy of unit mass at a point. 
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Orbiting under gravity 

• For an object orbiting a planet, such as an artificial satellite orbiting the 

Earth, gravity provides the centripetal force which keeps it in orbit. 

• This is a simple situation as there is only one force acting on the satellite – 

the gravitational attraction of the Earth.  

• The satellite follows a circular path because the gravitational force is at 

right angles to its velocity. 

 

Derive equation for the orbital period, 𝑻𝟐 = (
𝟒Л𝟐

𝑮𝑴
)𝒓𝟑 

Or show that The square of the period is directly proportional to the cube of the 

radius (T 2 ∝  r 3). 
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Orbiting the Earth 

• The Earth has one natural satellite – the Moon – and many thousands of 

artificial satellites – some spacecraft and a lot of debris.  

• Each of these satellites uses the Earth’s gravitational field to provide the 

centripetal force that keeps it in orbit.  

• In order for a satellite to maintain a particular orbit, it must travel at the 

correct speed.  

• This is given by the equation, 

 

𝑣2 =  
𝐺𝑀

𝑅
 

 

• It follows from this equation that, the closer the satellite is to the Earth, the 

faster it must travel. If it travels too slowly, it will fall down towards the 

Earth’s surface.  

• If it travels too quickly, it will move out into a higher orbit. 
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Geostationary orbits 

• A special type of orbit is one in which a satellite is positioned so that, as it 

orbits, the Earth rotates below it at the same rate.  

• The satellite remains above a fixed point on the Earth’s equator. 

• This kind of orbit is called a geostationary orbit. 

• Geostationary satellites have a lifetime of perhaps ten years.  

• They gradually drift out of the correct orbit, so they need a fuel supply for 

the rocket motors which return them to their geostationary position, and 

which keep them pointing correctly towards the Earth.  

• Eventually they run out of fuel and need to be replaced. 

• Satellites in any other orbits move across the sky so that a tracking system 

is necessary to communicate with them. 

 

Show that, for a satellite to occupy a geostationary orbit, it must be at a 

distance of 42 300 km from the centre of the Earth and at a point directly above 

the equator. 
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