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Starter activity..... 

Image you are sat under a tree and 
your name was Issac Newton. It 
is the year 1679 and you started 
to think about one of the four 
fundamental things in our 
universe that control 
everything. Of course at this 
point you did not know a lot 
about the other three but his 
fundamental idea is one called 
“gravity”? 

 
1. Make a short list of things that 

Newton might have 
postulated? 
 

2. Also indicate how he might 
have investigated these 
postulations? 

Hint: think about how gravity 
might behave and what 
you would check even if it 
seems far fetched!  

HSW 
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4.1 Gravitational field strength  

Specification link-up 3.4.2: Gravitational field strength  
 
How can we represent a gravitational field?  
 
What do we mean by the strength of a gravitational field?  
 
What is a radial field and what is a uniform field?  
 



Mr Powell 2008 
Index 

Fundamental Forces Summary.... 
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Terms which people might use to express a G. Field.... 

• A field of force surrounding a body of finite mass  
 

• A gravitational field is a model used within physics 
to explain how gravity exists in the universe. In its 
original concept, gravity was a force between point 
masses. ... 
 

• Gravitation is a natural phenomenon by which 
objects with mass attract one another. In everyday 
life, gravitation is most commonly thought of as 
the agency which lends weight to objects with 
mass. ... 
 

• Field created by an object with mass, extending 
out in all directions, which determines the 
influence of that object on all others. ... 
 

• The area of interaction between two masses 
 

• The space around an object in which it exerts 
gravitational pull. 
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How can we represent a gravitational field?  

http://en.wikipedia.org/wiki/Gravitation  

If we assume constant gravity, Newton's law of universal 
gravitation simplifies to F = mg = ma, where m is the mass of 
the body and g is a constant vector with an average value of 
9.81 ms-².  The acceleration due to gravity is equal to this “g”.  
 
An initially-stationary object which is allowed to fall freely 
under gravity drops a distance which is proportional to the 
square of the elapsed time. 
 
The image on the right, spanning half a second, was captured 
with a stroboscopic flash at 20 flashes per second.  
 
During the first 1/20th of a second the ball drops one unit of 
distance (here, a unit is about 12 mm);  
 
by 2/20ths it has dropped at total of 4 units; by 3/20ths, 9 units 
and so on. 

http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Newton's_law_of_universal_gravitation
http://en.wikipedia.org/wiki/Newton's_law_of_universal_gravitation
http://en.wikipedia.org/wiki/Mass
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How can we represent a gravitational field?  

http://en.wikipedia.org/wiki/Gravitation  

http://en.wikipedia.org/wiki/Gravitation
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What do we mean by the strength of a gravitational field?  



Mr Powell 2008 
Index 

Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this is 
completed for homework. It may take half a page for each question… 
 
1. How can we represent a gravitational field?  

 
2. What do we mean by the strength of a gravitational field?  

 
3. What is a radial field and what is a uniform field?  



Mr Powell 2008 
Index 

Starter activity..... 

• Think about these floating balls on planet 
Earth. 
 

• What could we investigate and compare 
for each one? 
 

• Name any assumptions you make! 
 
Ep=mg∆h 

A 

B 

D 

C 
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4.2 Gravitational potential  

Specification link-up 3.4.2: Gravitational potential  
 
What do we mean by gravitational potential?  
 
How do we calculate the gravitational potential difference between two points?  
 
Where would an object have to be placed for its gravitational potential energy to 
be zero?  
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Book Example 

• For example, consider a book, placed on top 
of a table. 
 

• When the book is raised from the floor to the 
table, the gravitational force does negative 
work. (we are working against grav) 
 

• If the book is returned back to the floor, the 
exact same (but positive) work will be done 
by the gravitational force.  
 

• Thus, if the book is knocked off the table, this 
work (called potential energy) goes to 
accelerate the book (and is converted into 
kinetic energy).  
 

• When the book hits the floor this kinetic 
energy is converted into heat and sound by 
the impact. 
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Not that simple.... 
• Well the floating balls is quite simple. We assume a constant gravitational field and 

that on Earth Ep = 0. Sensible stuff. 
 

• Imagine a space mission which is to travel to another distant planet. 
 

• When you are there you then visit two more planets X & Y before returning to Earth.  
 

• The system is considered so far away that when you are halfway there you are 
infinitely far away from everything else in the universe. 
 

• Now to leave Earth you must put in Energy or do work against the G-field of Earth. So 
the PE goes up. 
 

• Next you land on planet X which has less of a G-field than Earth. So GPE will decrease 
from its value in space but still be greater than that on the surface of Earth. 
 

• Then it launches from X again and work is put in and GPE increases. Until it lands on 
planet Y where which has a stronger field that Earth and thus the GPE will be less 
than that on Earth. 
 

• It gets really confusing unless you take the place that has the maximum GPE is that 
where you are farthest away from everything! 

Ep ≠ mg∆h  if h >> RE 
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Simplification.... 
• So we always define the zero 

point of GPE as that place 
considered to be infinity for that 
system of mass 
 

• Then the energy becomes more 
negative as it approaches the 
centre of a mass. 
 

• This prevents the situation in the 
top graph where the PE can be 
positive an negative! 
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Main 

RE 

Centre  
Earth 

To infinity! 
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Main 

Think about this at infinity the force of gravity is 
zero. 
 
There is no pull towards the Earth so gravitational 
potential must reduce the further you are away. 
 
Gravity is attractive so you would have to put 
work into pulling apart two objects 

NB: not the same as potential energy 

NB: not done top 
bit till 4.4 
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Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this 
is completed for homework. It may take half a page for each 
question… 
 
1. What do we mean by gravitational potential?  

 
2. How do we calculate the gravitational potential difference 

between two points?  
 

3. Where would an object have to be placed for its gravitational 
potential energy to be zero?  
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4.3 Newton’s law of gravitation 

Specification link-up 3.4.2: Newton’s law  
 
How does gravitational attraction vary with distance?  
 
What do we mean by an inverse-square law?  
 
Can we treat spherical objects, such as planets, as point masses?  
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Starter activity..... 

• Imagine that a bar with masses m 
is hung from a wire.  
 

• Two more masses M are brought 
close to m. 
 

• How does this help weigh 
planets? 
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Timeline of Gravitational Discoveries... 
1. Potelemy 150 CE – Earth at centre of universe. 

 
2. 1500 Copernicus – looked at Sun being at the centre of solar system. 

 
3.  In the early 1600s Galileo noted that the force of gravity seems to depend 

only on the mass of an object, and not on any of its other features.  
 

4. In 1687 Isaac Newton then suggested a universal inverse square law of 
gravity between objects.  
 

5. In the 1700s and 1800s all sorts of celestial mechanics was done on the basis 
of this. 
 

6. Starting in the mid-1800s there were attempts to formulate gravity in the 
same way as electromagnetism. 
 

7. 1900 it was suggested that gravitational effects might propagate at the speed 
of light. Following his introduction of relativity theory in 1905, Albert Einstein 
began to seek a theory of gravity that would fit in with it.  
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How does gravitational attraction vary with distance?  

Gravity is the weakest of the four fundamental forces, yet it is the dominant force in 
the universe for shaping the large scale structure of galaxies, stars, etc.  
 
The gravitational force between two masses m1 and m2 is given by the relationship:  

This is often called the "universal law of gravitation" and G the universal gravitation 
constant.  It is an example of an inverse square law force.  
 
The force is always attractive and acts along the line joining the centers of mass of the 
two masses.  
 
The forces on the two masses are equal in size but opposite in direction, obeying 
Newton's third law. Viewed as an exchange force, the massless exchange particle is 
called the graviton.  

http://hyperphysics.phy-astr.gsu.edu/Hbase/forces/funfor.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/forces/isq.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/newt.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/forces/exchg.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/particles/expar.html
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Summary of Newtons Law of Gravitation 
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What do we mean by an inverse-square law?  

As one of the fields which obey the general inverse square law, the gravity field 
can be put in the form shown below, showing that the acceleration of gravity, g, 
is an expression of the intensity of the gravity field.  

Other applications of the inverse square law; Electric fields  Light  Sound  Radiation 

http://hyperphysics.phy-astr.gsu.edu/Hbase/grav.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/forces/isq.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/vision/isql.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/acoustic/invsqs.html
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Can we treat spherical objects, such as planets, as point 
masses? 

As one of the fields which obey the general inverse square law, the gravity field can be 
put in the form shown below, showing that the acceleration of gravity, g, is an 
expression of the intensity of the gravity field. 

If we draw a graph of the gravity field strength going to the centre of the Earth, we would 
not find a simple inverse square relationship, as if the Earth were a point mass.  Instead we 
would see a more complex variation.  The Earth is not a uniform sphere, but has a dense 
core and a less dense crust. The value of g can be calculated from seismic surveys and the 
graph above shows its variation with distance.  Note that the graph is drawn as a negative 
function as the field is attractive.  You may see it drawn as a positive function.  
 
At the centre of the Earth, g = 0, because matter will be pulled equally in all directions so 
that the overall force is zero. 

Which you can do for 
your exam 

http://hyperphysics.phy-astr.gsu.edu/Hbase/grav.html
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Data Analysis.... 

Take the formula you have been given and try and work out some 
real data from the planets in the solar system. 
 
You will need to use a source of data i.e. google it! 
 
You will need to set up a spreadsheet in excel which you will need 
to print at the end of the lesson… 
 
Why not try with the force 1kg would feel at the surface of the 
Earth and work from there with several examples which are 
similar. 

mass of Earth = 5.9742 × 1024 kg 
radius of Earth = 6378.1 km 
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Results.... 

Items G m M r F 

1Kg Ball against Earth 6.67E-11 5.9742E+24 1 6.38E+06 9.80E+00 

Human against Earth 6.67E-11 5.9742E+24 70 6.38E+06 6.86E+02 

Earth against Earth 6.67E-11 5.9742E+24 5.9742E+24 1.28E+07 1.46E+25 

Earth against Sun 6.67E-11 1.98892E+30 5.9742E+24 1.52E+11 3.43E+22 

Earth against Moon 6.67E-11 5.9742E+24 7.36E+22 3.83E+08 2.00E+20 

Milkyway against 
Andromada 

6.67E-11 1.15357E+42 1.41213E+42 2.37E+22 1.93E+29 

Fat man against earth 6.67E-11 5.9742E+24 575 6.38E+06 5.63E+03 
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A* - Finding the mass of the Earth, the Sun and the black 
hole at the centre of  our galaxy 

In this activity you will learn how we measure the mass 
of large objects: the Earth, the Sun and finally the super-
massive black hole at the centre of our galaxy, the Milky 
Way.  
 
Some of these measurements were made centuries ago 
in the time of Newton but the measurements on black 
holes and confirmation of their existence are still 
continuing.  
 
You will also apply the idea of escape velocity to a black 
hole. 
 
Where an object approaches the speed of light then the 
equations of relativity should really be used to obtain 
exact answers. In these questions you will use Newton’s 
equations but the answers are surprisingly accurate! 
 
http://news.bbc.co.uk/1/hi/sci/tech/7774287.stm  

http://news.bbc.co.uk/1/hi/sci/tech/7774287.stm
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Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this 
is completed for homework. It may take half a page for each 
question… 
 
1. How does gravitational attraction vary with distance?  

 
2. What do we mean by an inverse-square law?  

 
3. Can we treat spherical objects, such as planets, as point 

masses?  
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4.4 Planetary fields  

Specification link-up 3.4.2: Gravitational field strength and 
gravitational potential  
 
What is the shape of the graph of g against r for points outside the 
surface of a planet?  
 
How does the graph of V against r compare with this?  
 
What is the significance of the gradient of the V-r graph?  
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Starter activity..... 

Write down items as best you can remember them... 

Descriptive What is it 

1 
Gravitational field strength on Earth 

(formulae) 

2 What type of field do planets have?  

3 
Gravitational Potential  Energy is 

what? 

4 Gravitational Potential  V is what? 

5 
If I move away from the Earths 

surface how many Jkg-1 do I gain per 
meter. (value) 

6 
Explain the inverse gravitational law 

(formulae) 

g=F/m 

Radial / then uniform close 
up (approx) 

Potential energy due to 
being in a grav field 

Energy per kilogram 

9.8Jkg-1 

F is proportional to 1/r2   
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Radial Fields & Point Masses 
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Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this 
is completed for homework. It may take half a page for each 
question… 
 
1. What is the shape of the graph of g against r for points outside 

the surface of a planet?  
 

2. How does the graph of V against r compare with this?  
 

3. What is the significance of the gradient of the V-r graph?  
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4.5 Satellite motion  

Specification link-up 3.4.2: Orbits of planets and satellites  
 
Under what condition is a satellite in a stable orbit?  
 
What happens to the speed of a satellite if it moves closer to the Earth?  
 
Why must a geosynchronous satellite be in an orbit above the Equator?  
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Starter activity..... 

Think back to work on circular motion can you define the following....   

Descriptive Formulae 

1 
Acceleration of an object in a straight 

line. 

2 Velocity of an object in a circle 

3 Centripetal Acceleration 

4 Centripetal Force 

5 Gravitational Field on Earth 

F/m =ma or a=(v-u)/t 

v=2 r/T or v=2 rf 

a=v2/r 

F=mv2/r 

9.8Jkg-1 
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Main 
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Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this 
is completed for homework. It may take half a page for each 
question… 
 
1. Under what condition is a satellite in a stable orbit?  

 
2. What happens to the speed of a satellite if it moves closer to the 

Earth?  
 

3. Why must a geosynchronous satellite be in an orbit above the 
Equator?  

 
 


