
 

Gravitational Potential

Concept of Gravitational Potential

Symbol denoted by symbol f phi

units it is measured in Jag Jig

formula At a distance r away from the source
Mass M the gravitational potential I can can

be obtained using the formula

f

How do we apply this formula

Calculate gravitational Potential
at the pt A

Tx 06m
1
7

Earth 0 6.61 15 6 1024

7 106

Da 5 7 10 J kg



What information do we get from the result
The gravitation potential at A tells the amount
of Energy lost by a mass of 1kg as it
moves from infinity to point A within the

gravitational field
The term infinity in this case refers to an assumed
distance where gravitational field of Earth is

negligible zero influence

How do we define the term gravitational potential

Gravitational Potential at any point is reffered to amount
of workdone in

moving
a unit mass from infinity

to that point in the gravitational field

Derivation is not Required



What is the significance of the minus sign
in the formula

Work is done by the gravitational field in moving
the unit mass towards the source mass

Since gravitational field is of an attractive nature
This workdone by the field represents a loss of

energy To signify this loss we insert a negative sign
in the formula

Graph of Gravitational Potential D y
Graph of 0 us r 10 a

It
91 negative Inverse Relationship

P
R

7
a

Wording As r approches infinity

the valueof 0 approches
zero G for all pts within

infinity the valueof 0 is
negative



Concept of Change in gravitational potential

Symbol DO

Unit Jkg Jag

formula D8 Ofinal 0 initial

OR

D8 PF 0

What does formula
imply The above formula tells us

the amount of Energy loss workdone on the unit mass
as it moves from point Initial position to another point
final position within the gravitational field of the source
mass



Concept Gravitational Potential Energy

USymbol

Units Joules J

formula U X m 0 xm

where m is the mass of the moving object

Change in Gravitational Potential Energy

Symbol IU

JUnits

Formula Do DO'm or
DU He Oi m



How to apply the above results
Object is projected inwards

egg bruxism pfind
hi

mysky
It

Earth

Assuming no Energy loss Calculate the final speed of the
object



How to apply the above results
Object is projected inwards

egg bruxism pffind
hi

mysky
7 2 107

Earth

Assuming no Energy loss Calculate the final speed of the
object

Gain in KE Loss of GPE Du

In DO H

Ly OF Oi

fig fg.is
a o o's

M 6 0 1024

I v2 6.9 105 We can ignore the

ve sign in the
final step because in

11 16.9 105 2 the heading we have

already mentioned the
Y 1200m s 25 F term loss

must give answer in ISF



g e s

Concept of Escape Velocity Yes

It is defined as minimum speed with which an object
can be projected from the earth's surface such that
it Escapes earth's gravitational field ie it reaches

infinity

Value of Vesp can be calculated using the following
Equation derivation is Rea

Initial Find
Room

InfinityProjected

1
outwards

Infinity 1
Escape velocity

Based on law of conservation of Energy

loss of KE Gain in GPE

Indy 1 0 x The escape velocity doesn't
depend on the mass of

Resp OF Hi the object

Ilan In tan

Anything dividedby infinity becomes



Anything divided y in hub ecomes

zero

Simplify to get

a
first formulaVesp 291

Note that previously we have done g Gtf so

if we make GM the subject we will get GM gr
Ey if we replace this value in above equation

we get an alternate formula

Esp 1 2 gR Second formula

G 6.67 15 R 6.4 10 m

M 6 18 kg

Solve

Veep 11200ms or 11.2 km s
Conclusion If Earth is considered to be in isolation than

the escape velocity assuming no energy losses is 11200 m s

This principle doesnot apply to any object which has an

Engine thrust associated with it
This is the velocity with which a Baseball will be launched Projected
to escape the Earth's gravitational field



How to calculate the Escape velocity if Earthis not in

Isolation if Earth Moon are both taken into consideration

E M

p r

Sketch the graph of Pres
Compined graph

On the LHS of null point Earth's gravitational field is more

prominent The green graph follows the dark blue Pattern



ON RHS the moon gravitational field is more prominent
the green graph follows the redgraph

HE
Nullpoint M

0M
PE
pres



Reconstructing the Pres only with some numerical

value for solving purpose
106

95 5 M
r

28.2 C
B Nullpoint

Moon's

344
Surface

A
57.6 C

Using given information calculate Escape velocity from
earth's surface

Ans For object to escape the earth it must be projected with

a velocity which is atleast goodenough to insure that it
reaches the nullpoint or goes slightly beyond the null

point



A initial Position

B Final Position

When projected from Earth's surface we can say based
on law of conservation of Energy

Lossof KE Gain in GPE

Heart DOM

Illesp OF OI

Illesp PB 0A

I Meant f 28.2 57.0 x o

Solve to get Vesp 7700 m s

Why is this value significantly lesser then previous
answer of 11,200 obtained

assuming Earth to be in
isolation

Ans 11200 mis was required to sent the object all
the

way to Infinity
This value is much smaller b c this time we

are only projecting the object until it reaches
the null point



Ii Assuming that it just passes the null point with negligible
speed Suggest what will happen

It will continue moving untill it strikes the moon's surface

iii Using the above information calculate the velocity speed
withwhichjkjit strikes the moon M

187 a Nullpoint
B

Moo

344 c Surf

57.6 C

As the object approches Moon from

moon's perspective there is going to began
in KE and loss in GPE Bo



I H approch2 Op 0 H

I x'app Yc Or

12
2 34 4 28 2 x 106

ISF

app as it strikes the moon 3500ms

x x



How to calculate kinetic Energy ke Gravitational Potential

energy u and Total Energy for satellite performing

circular motion at a distance r away
from earth's

source mass

Satellite'm

i Fa Fa

ayy
ke Im
Ke gyp

Based on

Inverse Relations

as radius of
the circular orbit

y Gtf increases KE of

satellitedecreases

KE

r



ii Gravitational Potential Energy u

U pm
Due to negative

U GI m inverse Relationship

as r increases

U 9ft J U r have GPE u becomes less

negative inverse negative i e APE

relationship also increases

U
as r increases

r

GRE r

becomes

less

negative



Total Energy

TE KE U

team Gmm

TE 4Mt Due to negative inverse Relationship

as r increases TE also increases

TE
as r increases

r

TE
becomes

less

negative



Concept of Binary Star
i Write an Expression for the Fa blu
the two stars
Fa gite
i Write down an expression for Fc required

Themassofstorm hascircularorbit by M to perform circular motion
of radiusR andstarofma Mahas Fc tmrw
acircular radioof Rzbothstar hoc
someangularspeed Fc MiRw

ii Write down an Expression for Fe required by M2 to perform
circular motion

Fc tmrw Fc MzRz w

in Given that Fa provides Fa required by each star toperform
circular motion Use above answers to show

It E
R

for Mi Fa Fa ForMa Fa Fc

Etty
M Rw 0 Grig

Mar w



Equate the results

M R X Marz can say massof the

Ry may

Binay star we

star is invesly proportional
to the radius R of its
circular orbit

More Massive Star performs circularmotion in smaller orbit
less Massive Star Performs circular motion is larger orbit

Calculations Involving Binary stars
Information

Time period Uyeras
Distance by stars 6.0 10 m

M YMa

I.IT
M.R.w

6 67 15 Ma

6 1010
1074314

Ma 1 67 10 kg
M YMz

Mi 6.43 15 kg



Find Ri R2




























































