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Show that the gravitational potential at the surface of the Earth is
—625MJ kgt

Solution oM
At infinity, gravitational potential is zero, as given by V, = o with r
being infinity.

At the surface of the Earth, the gravitational potential is given by
GM

> 77-

-11 24 7
= _(667 x 107 X6 X 10%) it s 625 x 107 kg™ or =625 MI kg.
6.4 x 10°

This is the amount of work required to bring 1 kg from infinity to the

surface of the Earth and is, therefore, the gravitational potential, at the

surface of the Earth.

A 1 kg mass is moved from point A, at a distance of 3800 km above the
Earth’s surface, to point B that is 2250 km above the Earth’s surface.
What is the gain in gravitational potential as the object moves from point
A to point B?

Substituting values for G, M and r gives us

Solution
Gravitational potential is given by
GM
Vi

At point A, the gravitational potential is given by

(6,67 x 107 x 6 % 10%)

= _ This is a value of ~1.05 x 102 J kg™,

- 3.8 x10°
At point B, the gravitational potential is given by

~11 124
(6.67x 1071 x 6 x 10%) qic is 5 value of ~1.78 x 10°J kg™
225 %108

The difference between the two is given by gravitational potential at
point A — gravitational potential at B, hence

5 AVy=-105x% 108 — (= 1.78 x 108)
leading to a gain in potential of 7.3 x 107 J kg™

V= -

The gravitational potential energy, £ of abody ina gravitational
field is the work required to move a body of mass, m, from infinity to
that point in the field. The work done is found from mV, since Vg is
the work done in bringing unit mass from infinity to the point.

If the gravitational potential for a body at a point in a radial field
around a large mass M is V,, then for a body of mass, m, the
gravitational potential energy, £ is given by

_GMm
7

E=mVy=

Changes in gravitational potential energy can also be calculated
from this formula.

A body is moved from infinity to the surface of the Moon. The Moon has a
mass of 7.35 x 1022kg and a radius of 1740 km. Calculate:
() the gravitational potential of a body at the surface of the Moon
(b) the change in gravitational potential energy if the body has a mass
of 34 kg.
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Solution oM
(a) For the Moon, using Vg, = e obtain
=1 221
(6.67 x 1071 x 7.35 x 10 )whifi E
174 x 10°
Vy=—2.82x10°J kg™
(b) The change in gravitational potential en=sy =
from infinity to the surface of the Moon = S &
E=mAV,
E at infinity is zero since potential at ims=as =
E=mAVy= 34 x (=282 x 10° — 0) =S58

e

We can check this using the equation == ——;—,—-
same value of —9.58 x 107 J

There is often confusion over positive an
and for potential energy. Remember that
displacement is from a point in the field
that both gravitational potential and pote=
you should see that moving from infinity
a decrease in gravitational potential or pos
an infinitely high point).
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force varies with position, as shown

The work done in moving a mass from = =
r+ Aris W= FAr. This is represe
area. The total work done to move a
area below the force—distance graph

Ar
—————
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Figure 3 Area beneath the force—distance g 0
done in moving the mass from one pointin t = E
If an object is thrown up in the air on Z=== 4
to decrease from the instant that i O e
because the Earth’s gravitational fie 1
3

back to Earth. The height that the o
its initial velocity. The greater the in

If we wanted the object to escape t
and not return to the ground, the
object its escape velocity when thro
finding the work required to remov

infinity, so that the potential energy incr==




