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MacClro Gravitational Potential Energy (units: Joules)

° ° ° The work done by an external agent in w _
bringing a body from infinity to that point. | ; L —
ra \/ l a lona 1( : (without a change in KE). e
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Newton’s Law of Gravitation Energy of an Object in Orbit Gravitational Potential "
J
Two point masses attract each other with a F;=F
force that is proportional to the product of 1, 1GMm ¢ = ﬁ = _ﬂ )
their masses and inversely proportional to KE =smy® =-— b d

the square of their separations.

~ Total Energy = GPE + KE

The work done per unit mass by an external agent in

GM;m, GMm 1GMm 1GMm bringing a body from infinity to that point. (without a
Fe(N) = = e~ *3 -T2 r change in KE)
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Variation of Gravitational Field Strength g with distance r Relationship between F, g, GPE and ¢

Inside the Earth, at a distance of r, from the center of the circle, only the inner =m

sphere contributes to g. B i

Gravitational Force, F; = Gﬁ% G-Feld Strength, g :%‘3 = f_—": 4
My PV prri 4 ri -2
g = G —= = G 2 G _32_ = _GPTTrl | Gravitational Potential Energy, U = — <47 Gravitational Potential, ¢ = — 2
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And hence inside earth, o r “
g

\ J U Y,
e N\ ™

The Gravitational Field Field Lines G

&7
A region of space where a mass experiences a gravitational force. * Field lines point in the direction of _ _ ’/92
the force acting on a small test Gip NG S
. - - . -1 . . :
Gravitational Field Strength (units: Nkg ') mass. (resultant g-field lines) g/t &
The gravitational force acting per unit mass at that point. e Field lines are always incident ﬁ@\/vgz
Fg oM perpendicular to surfaces.
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* Field lines never cross each other.
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Satellite in Orbits

Gravitational force provides Centripetal force.

polar orbit

geostationary
orbit

Variation of Gravitational Potential Between 2 Masses

Why is GPE & ¢ negative?

® Potential at infinity is taken to be zero.
* Negative work done by the external agent - the direction of the external force is
opposite in direction to the displacement of the mass.
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\ due to moon alone
net scalar sum of potentials

. J

macro~
Gravitational Field

Escape Speed

The minimum speed at which a body can be projected
from the surface of a planet such that it reaches an
infinite distance from the planet.
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Loss in KE = Gain in GPE
Initial KE - final KE = Final GPE - Initial GPE
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Escape speed, v= E
Rg
GM
since g = R—zE escape speed,v = /2gRg
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