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Gravitational Fields ,

Your notes

Gravitational Fields

= Generally, aforce fieldis aregion of space in which an object will experience a force

= Agravitational field, therefore, is aregion of space in which any object with mass
experiences a gravitational force

= The Sun, forexample, creates a gravitational field around it
= The Earth, which has mass, experiences the gravitational force due to the Sun
= This gravitational force keeps the Earthin orbit around the Sun

= Additional effects of the Moon and Sun's gravitational fields can be seen on Earth, such
as the cause of tides

Direction of a Gravitational Field

= Thedirection of a gravitational field can be represented as a vector, the direction of
which must be determined by inspection

= Thedirection of the vector shows the direction of the gravitational force that would be
exerted onamassif it was placed at that positionin the field

= Thesevectors are known as field lines (or 'lines of force'), which are represented by
arrows

= Therefore, gravitational field lines also show the direction of acceleration of a mass
placedinthe field

= Gravitational field lines are therefore directed toward the centre of mass of abody
= Thisis because the gravitational force is attractive
= Therefore, masses always attract each othervia the gravitational force

= The gravitational field around a point mass will be radial in shape and the field lines will
always point towards the centre of mass
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OBJECT WILL EXPERIENCE ,
A FORCE IN THE DIRECTION
OF THE FIELD LINES

Your notes

DIRECTION OF THE
VECTOR SHOWN
BY DIRECTION OF
ARROWS

VECTORS IN A
GRAVITATIONAL
FIELD

The direction of the gravitational field is shown by the vector field lines
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Gravitational Field Strength 4

Your notes

Gravitational Field Strength

= Thereis auniversal force of attraction between all matter with mass
= Thisforceis known as the ‘force due to gravity’ or the weight

= The Earth’s gravitational fieldis responsible for the weight of all objects on Earth

EARTH’S
SURFACE

ATTRACTIVE, GRAVITATIONAL
FORCE DUE TO EARTH’S
GRAVITATIONAL FIELD

The Earth's gravitational field produces an attractive force F, which is equal and opposite
to the attractive force produced by the person's gravitational field

= The gravitational field strength g at a pointis defined as force F per unit mass m of an
object at that point:

o)
1l
3|

= Where:
» g =gravitational field strength (N kg™
= F=forcedue to gravity, orweight (N)

= m=mass(kg)

= This equation shows that:

= Thelargerthe mass of an object, the greaterits pull on another mass

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 4


https://www.savemyexams.com/?utm_source=pdf

= Onplanetswithalarge value of g, the gravitational force perunit massis greater ,
than on planets with a smaller value of g

Your notes
= Anobject'smassremains the same at all pointsin space

= However, onplanets such as Jupiter, the weight of an object will be alot greater than
on aless massive planet, such as Earth

= This means the gravitational force would be so high that humans, for example, would
not be able to fully stand up (or, evenworse...)

A BODY ON EARTH HAS A
MUCH SMALLER FORCE PER
UNIT MASS THAN ON JUPITER

THIS MEANS A BODY WILL HAVE
A MUCH GREATER WEIGHT ON
JUPITER THAN ON EARTH

EARTH JUPITER
g = 9.81 Nkg™* g =25 Nkg™

The weight force on Jupiter would be so large that even standing upright would be
difficult

= Factors that affect the gravitational field strength at the surface of aplanet are:
= Theradius (or diameter) of the planet

= The mass (or density) of the planet

o

Worked Example
Calculate the mass of an object with weight 10 N on Earth.

Answer:

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com



https://www.savemyexams.com/?utm_source=pdf

SiNER »4 GRAVITATIONAL FIELD STRENGTH EQUATION ,

g=

EfFul

Your notes

STEP 2 REARRANGE FOR MASS m

m=?

STEP 3 SUBSTITUTE IN VALUES

m =1.0kg

_0
S

Eg ON EARTH

=

Examiner Tips and Tricks

There is abig difference between g and G (sometimesreferred to as ‘little g’ and ‘big
G’ respectively).

= gisthe gravitational field strength, which varies depending on the size of the
mass M producing the gravitational field and the distance r fromits centre of
mass
= GisNewton’s Universal Gravitational Constant, which always has a value of 6.67 x
107 "N m?kg2
In addition, remember the equation density p = mass m + volume V, which may come

in handy with calculations where the density of some objectis given, rather thanits
mass!
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Newton’s Law of Universal Gravitation ,
Your notes

Newton's Law of Universal Gravitation

= The gravitational force between two masses, e.g., between the Earth and the Sun, is
defined by Newton’s Law of Universal Gravitation

= Newton’s Law of Universal Gravitation states:

The gravitational force Fg between two masses mj;and m; is proportional to the
product of their masses and inversely proportional to the square of their separation, r

= |nequationform, thisis written as:

Gmym,
Fe= = 2

r
= Where:
= [ =gravitational force between two masses (N)
= G =Newton’s gravitational constant
= mjandm,=mass of body1and mass of body 2 (kg)
= r=distance between the centre of the two masses (m)
= Thel/r?relationis called the ‘inverse square law’
= This meansthatif the distance between two masses doubles, rbecomes 2r
= Therefore, 1/r2becomes 1/(2r)2, whichis equal to 1/4r?

= Hence, the gravitational force between the two masses reduces by a factor of four

< r S
I~ 1
| |
| |
I |
|
I |
! fy fy
I S <& !
> < —
m,
My
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The gravitational force between two masses is defined by Newton’s Law of Universal

4

Gravitation
. Your notes
Worked Example
Asatellite with mass 6500 kg is orbiting the Earth at 2000 km above the Earth's
surface. The gravitational force between themis 37 kN.
Calculate the mass of the Earth.
(Radius of the Earth = 6400 km)
Answer:
STEP 1 NEWTON'S LAW OF GRAVITATION
Gm, m
o= —7*
my IS THE MASS OF THE SATELLD“, THESE CAN BE
m, IS THE MASS OF THE EARTH ANY WAY AROUND
STEP 2 REARRANGE FOR m, (MASS OF EARTH)
i
= l"r\2
Gm,
STEP 3 CALCULATE THE DISTANCE r
r IS THE DISTANCE BETWEEN THE CENTRE OF THE EARTH
AND SATELLITE
r=DISTANCE OF SATELLITE ABOVE THE SURFACE + RADIUS
OF THE EARTH
2000 km SATELLITE
6400 km
EARTH
r = 2000 + 6400 = 8400 km = 8400 x 10°m
STEP 4 SUBSTITUTE IN VALUES o 37 kN
? x 3 2 x x 3
NEWTON’S (8400 x 10 —)44 37 x 10 - 6.0 x 402‘kg (2 .f)
GRAVITATIONAL 6.67x10 " x 6500
CONSTANT
\
(
Examiner Tips and Tricks
A common mistake in exams is to forget to add together the distance from the
surface of the planet and its radius to obtain the value of r. The distance ris measured
between the centre of each mass, whichis from the centre of the planet to the centre
of the satellite!
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Another common mistake is forgetting that the distance between masses mjand msp ,

is squared. Remember this whenever you use Newton's Law of Universal Gravitation!
Your notes
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Gravitational Field due to a Point Mass /

Your notes

Gravitational Field due to a Point Mass

= The gravitational field strength at a point describes how much gravitational force is
experienced by a test mass at that point

= The strength of a gravitational field caused by a point mass can be derived using
Newton’s Law of Universal Gravitation

= Forcalculationsinvolving gravitational forces, a spherical mass canbe treated as a
point mass at the centre of the sphere

= Newton’s Law of Universal Gravitation states that the magnitude of the attractive
gravitational force F between two masses M and m with separationris equal to:

- GMm

F
G r2

= The gravitational field strength at a pointis defined as the force F perunitmass m

F

9=~

= Substituting the force Fwith the gravitational force Fg leads to:

GMm
— E — rZ
9= m m
= Cancellingmass m, the equationbecomes:
g= GM
2

= Where:
= g =gravitational field strength due to a point mass M(N kg™
* G =Newton’s Gravitational Constant (N m?kg2)
=  M=mass of the body producing the gravitational field (kg)

= r=distance fromthe centre of mass M to achosen pointin the field (m)

o
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Worked Example ,

The Earth's gravitational field strength at its surface is 9.81N kg~'. Your notes
Calculate the Earth's gravitational field strength Tmillion km away fromiits surface.
Use the following data:

= Massof Earth=6.0 x 1024kg
= Radius of Earth=6400 km
Answer:

Step 1: Write the known quantities

= Massof Earth=6.0 x 1024kg

= Radius of Earth =6400 km = 6400 x103m

= Newton's Universal Gravitation Constant G = 6.67 x 10"""N m2 kg2

= Distance from the Earth's surface = Tmillionkm =(1x108) x 103m=1x10"m
Step 2: Write the equation for gravitational field strength

= The gravitational field strength g at some distance rdue to a mass Mis given by
the equation:

GM

g:
2

Step 3: Determine the distance r from the centre of mass M

= The Earthis causing the gravitational field in the question
= Imillionkmfrom the Earth's surface means the distance from Earth's centre of
massr= (6400 x103)+(1x 109 =1.0064 x 109 m
Step 4: Substitute values and calculate the gravitational field strength

= Therefore, the gravitational field strengthis given by:

(6.67% 10~11) x (6.0 x 1024)
9* (1.0064 x 109)2

=4.0x104Nkg"!

o

Examiner Tips and Tricks

When using the equation for gravitational field strength, remember that the mass Mis
the mass causing the gravitational field. The mass mis the object that experiences
the gravitational field of M: hence, you may see mreferred to as a 'test mass'.

It should make sense, therefore, that g is defined as the 'force experienced per unit
mass' in a gravitational field. The force experienced is by the 'test mass', in the field,
m.
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Gravitational Potential for a Radial Field ,

Your notes

Gravitational Potential for a Radial Field
Near the Earth's Surface

= The gravitational potential energy (G.P.E) is the energy an object has when lifted off the
ground given by the familiar equation:

G.P.E=mgAh
= Whenusing this equation, the G.P.E on the surface of the Earthis taken to be zero
= This means work is done to lift the object
= Thisequationis only used for objects that are near the Earth's surface

= Thisisbecause, near Earth's surface, the gravitational field is approximated to
be uniform

= Faraway fromthe Earth's surface, the gravitational field is radial because the Earthis
asphere

In a Radial Field
= [naradialfield, G.P.Eisdefined as:
The energy an object possesses due to its position in a gravitational field

= The gravitational potential at a pointis the gravitational potential energy per unit mass
atthat point

= Gravityis always attractive, so work must be done on a mass to move it away to a point
infinitely far away from every other mass

= 'Infinity'is the point at which the gravitational potential is zero

= Therefore, since the potential energy of allmassesincreases as work is done on
them to move them infinitely far away, the value of the potential is always negative

= Gravitational potential energy is defined as:
The work done per unit mass in bringing a test mass from infinity to a defined point
= Itisrepresented by the symbol, Vandis measuredinJkg™!

= Gravitational potential Vgray can be calculated at a distance rfrom a mass Musing the
equation:

= Where:

= Vgrav = gravitational potential (J kg™

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

12


https://www.savemyexams.com/?utm_source=pdf

= G =Newton’s gravitational constant ,
= M=mass of the body producing the gravitational field (kg) Your notes
= r=distance from the centre of the mass to the point mass (m)

= This means that the gravitational potential is negative on the surface of amass (suchasa
planet), andincreases with distance from that mass (becomes less negative)

= Work has to be done against the gravitational pull of the planet to take a unit mass away
from the planet

= The gravitational potential at a point depends on the mass of the object producing the
gravitational field and the distance the pointis from that mass

V=0 AT o=
(VERY FAR AWAY)

/’

4
’
7/
s
e
7’

V=-3.0x10"Jkg" -
V DECREASES

THE SATELLITE WILL

FALL TOWARDS EARTH
DUE TO GRAVITATIONAL
ATTRACTION

V INCREASES

WORK NEEDS TO
-5.0x107Jkg" |BE DONE TO PULL
THE SATELLITE AWAY
FROM EARTH

Gravitational potential decreases as the satellite moves closer to the Earth

o

Worked Example

Calculate gravitational potential at the surface of Mars.
Radius of Mars = 3400 km

Mass of Mars = 6.4 x 1023 kg

Answer:

Step 1: Write the gravitational potential equation

GM

grav r

Step 2: Substitute known quantities
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(6.67x 10~11) x (6.4 x 1023) 4
= — 3 =-1.3x107 Jkg"'
grav 3400x 10 Your notes

o

Examiner Tips and Tricks

The equation for gravitational potential in a radial field looks very similar to the
equation for gravitational field strength in aradial field, but there is a very important
difference! Remember, for gravitational potential:

GM 1

=—-———sV X
grav r grav  r

However, for gravitational field strength:

GM 1
so g P

= I

Additionally, remember that both Vg,y and g are measured from the centre of the
mass M causing the field!
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Comparing Electric & Gravitational Fields

Comparing Electric & Gravitational Fields

= Thesimilarities and differences between gravitational and electrostatic forces are listed

inthe table below:

Table Comparing G and E Fields

Gravitational Fields Electric Fields
Origin of the force Mass Charge
Force between
two point masses/ Fe = GM, 242 F.= Q"sz
charges g 47Te,r

Type of Force

Attractive force

Attractive force
(opposite charges)

Repulsive force
(like charges)

Field Strength _F = =
Y “Q
Field strength due GM Q
to a point mass/ 9=—2 E= 4Te. 2
charge e
Field Lines Around a point mass: Around a (negative) point

In a uniform field (surface
of aplanet):

IRAAEET

charge:

/—Q

In a uniform field (between
charged) parallel plates:

20V

oV
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Potential v - GM Ve Q /
ST 4 TTe,r Your notes
Equipotential Around a point mass: Around a point charge:
Surfaces
In a uniform field (surface In a uniform field (between
of aplanet): charged) parallel plates
[ T D U U TS I + 4+ 4+ + + + + +
}:j'i: - :__:{: ’ WA V- N NN NN
T 7T 7777 s A )
Work Done on a AW = MaV AW = QaV
Mass or Charge

Similarities between Gravitational & Electric Fields
= The key similarities are:

= The magnitude of the gravitational and electrostatic force between two point
masses or charges follow inverse square law relationships

= Thefieldlines around a spherical masses and spherical charges are radial

= The fieldlinesin auniform gravitational and electric field are identical (they are
parallel and equally spaced)

1

= The gravitational field strength and electric field strength both have a )
r

relationship in a radial field

1

= The gravitational potential and electric potential both have a 7 relationship

Differences between Gravitational & Electric Fields
= Thekey differences are:

= The gravitational force acts on particles with mass whilst the electrostatic force acts
on particles with charge

= The gravitational force is always attractive whilst the electrostatic force canbe
attractive orrepulsive
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= The gravitational potential is always negative whilst the electric potential can be ,
either negative or positive

o

Examiner Tips and Tricks

Your notes

This topic could require along structured-answer, so practice summing up this
information as you would fora 6 mark question.
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Orbital Motion ,

Your notes

Orbital Motion

Newton's Law of Gravitation & Orbits

= Since most planets and satellites have a near circular orbit, the gravitational force Fg
between the sun oranother planet provides the centripetal force needed to stayinan
orbit

= This centripetal forceis perpendicular to the velocity of the planet

= Consider asatellite with mass m orbiting Earth with mass M at a distance r from the
centre travelling with linear speed v

= Equating the gravitational force from Newton's Law of Gravitation to the centripetal
force foraplanet or satellite in orbit gives:

Fec=F centripetal

GMm  mv?

2

= The mass of the satellite m will cancel out on both sides to give:

= Where:
= v=linearspeed of the massin orbit (ms™)
= G=Newton's Gravitational Constant (N m2kg~2)
= M=mass of the object being orbited (kg)
= r=orbitalradius(m)

= This means that all satellites, whatever their mass, will travel at the same speedvina
particular orbital radius r

Newton's Laws of Motion & Orbits

= Newton's first law of motion states that a body remain at rest or at constant velocity
unless aresultant force actsonit

= Bodiesinorbit do have aresultant force acting on them

= Thisis the gravitational force due to the mass M being orbited
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= Thisforceis acentripetal force becauseit acts towards the centre of M, ,
perpendicular to the velocity of the planet or satellite

Your notes
= Therefore, since the direction of a planet or satellite orbiting in circular motionis

constantly changing, it must be accelerating

= Thisis called centripetal acceleration

° LINEAR SPEED

CENTRIPETAL FORCE
TOWARDS THE CENTRE
OF EARTH

GRAVITATIONAL FORCE
« TOWARDS THE CENTRE
OF THE EARTH

A satellite in orbit around the Earth travels in circular motion

Time Period & Orbital Radius Relation
= Aplanet orasatellite orbitsin circular motion

= Therefore, its orbital time period Tis the time taken to travel the circumference of
the orbit 2mr

= This means thelinear speed, or orbital speedvis:

2mr

V=T

= Thisis aresult of the well-known equation speed = distance / time

= Equating the two equations for orbital speed gives:

» Squaring out the brackets and rearranging for T2 gives the equation relating the time
period T and orbital radius r:
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4m2r3 ,

GM Your notes

T2 =

= Where:
= T=time period of the orbit(s)
= r=orbitalradius(m)
= G=Newton's Gravitational Constant (N m2kg-2)
= M=mass of the object being orbited (kg)

= The equation shows the relationship between the orbital period and the orbital radius
forany planet or satellite in orbit

= [tissummarised mathematically as:

T ol

o

Worked Example

Abinary star system constant of two stars orbiting about a fixed point B.The star of
mass Mjhas a circular orbit of radius R;and mass My has aradius of Ry. Both have linear
speedvandanangularspeed v about B.

State the following formula, in terms of G, M2, Rjand R»

(i) The angular speed w of M;

(ii) The time period T for each starin terms of angular speed v
Answer:

Part (i)
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(i) The angular speed o of M, ,

Your notes
Step 1: Equate the centripetal force to the gravitational force

M Roco? = GM1 My
T R +R,)?2
Step 2: M, cancels on both sides
Rz e GM,
T Ri+Ry)?
Step 3: Rearrange for angular velocity w
GM,

= RIR+R)?

_|_GM2
©= JRIR +R,)?

Step 4: Square root both sides

Part (i)

(ii) The time period T for each star in terms of angular speed @

Step 1: Write down the angular speed w equation with time period T

_n
W=
Step 2: Rearrange for T
2n
T=—

Step 3: Substitute in @ from part (i)

GM R;(Ry+R5)2
Toon |—SM2 o [RiRi*Ry)7
R]_(R1+R2)2 GM2

Examiner Tips and Tricks

This worked example helps you practise two crucial techniques that are often
examined:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 21


https://www.savemyexams.com/?utm_source=pdf

mv? ,
1. The centripetal force is expressed as orequivalently as mao?r. nour
r Your notes
case the angular speedis givenin the question, soitis best to use the latter

expression M®?r when equating the centripetal force to the gravitational
force.

GMm
r2
questionis givenas a sum, Ry + R,. You should remember that ris defined as the

distance between the centre of masses of M and m, therefore, r= Ry + Ry and so r?
=(Ri+R2)>.

2.The gravitational forceis given as but note that the distancerin this
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