; Gravitational fields

Porce flald: 4 regicn in which a body experiences a
non-contact forge. It can b::-epttlen!ed bf A VELToR.
Force Gelds can srise from: )
»  Interactiont of masses '@
»  Interactions of static chargs ,v‘"'..
. Interactions between moving charges ,.«'"!

Radis] feld: A fleld that b spherical and acts

towards & contral polnt, Gravitational felds ane
radial. A radial gravitational field anound a planet
can be seen to the rfight.

Unkform feld: A field that haz no variation.
Gravitational flelds are approximated as aniform
near the surface of planers,

In the case of gravitational fields, a fleld line gives the path thai s smaller mass
takes tovards a Lurger mass due to the foroe of gravity,
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Mewton's law of gravitafion

Gravity i the universal attractive force that acts betweon all matter.
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Bewton determined the foron of gravitation between two magses to be

Thi pquaticn

it if the data F = force dise to geavdty

= gravitaiens ceriant
= 667 & 1071 M mt kgt

i1y = masr of object 1

Ty = meae of object 2

r = disance between

exntren of M

So the force due to gravity
- Increxses with mass
- decreases with distanie

* s proportional vo §
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Gravitational field strength

The gravitational feld strength, g, is the fores, F, per unit mass, m, onan
ehiect In & uniform Ruu‘lhrln-:u'l Fleld.

F
E=r
m

The gravitational field strength of the Barth near the surface §s 3,81 N kg™

The magnitude for g in a radial Geld is:

Gravitational fields

Gravitational potential energy (Ep}:
the energy possessed by an chject dae to its place in a gravitational field. The

prawitational potential enargy of an object will ba zero at infinity as the effects of the
gravitatbapal feld will be negligible ar thes distance,

Gravitatiomal potential (F):

an object from infinity to that point The gravitationa] potential is zero at infinity.

e o Cravitational potential  EEEEE

the gravitational potential energy per unit mass equal o the work per unit mass to move

Orbits of planets and satellites o

Geostationary satellites

Ty

A geostatiomary satellite is 2 satellite thar has an oxbital period
arpund Barth's equator of one day (24 hours),

Sinee the rotatlanal period is also 24 hours, then the satellite ssays ata
fixed position above the Earth's equator.

‘The dstance of a geostationary satellite above Barth can be found using
HKepler's third law derived below.

Geostationary satellites are used in communications ind navigation
spstems, nuch as the satnay that is wied in cars.

A symchromouas erbit refers to a specific erbit taken By a cabellite where
the orbital pasiod is the same as the rotational period and in the

Gravitational potentisl in The gravitational potential difference is the
ractial fhald: difference in gravitational potential between twe
M polnns in spaot
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Earh's radius The potentials at patnts r and ry are
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Gravitatiemal flald
serangth, @ Mhg*

T eneve an ohject (such a3 a rocket) from 1, 10

R IR
and BY ls enclosed bn a g-r graph i e il plisies, =
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Therefore — = gradient of V-r graph “ d

same dlrection of ratation as the object it's orhiting.

:: Derivation of
Kepler's third low

gravitational potential energy:
AW = mAV

The work done AW in moving a maee At from F) te F) 15 equal to the change in its

This mearns that 2 mass of 1 kg raised by 1 m from the Barth's surface gains 5,81 J of energy,
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1 2 G Escapa velocity i the minlmum
gesliS _I.F velocity required for an object to exape
Ior r the gravitational field of a planat.
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Equipotential surfaces ave surfaces of
constant potential

When travelling along an equipotential the
potential remalna conszant, there is na

change in pm:em:lal.{ El.F"'}. Therefore, since

AW =mAV | then no work ks done when
meving along an equipotential.

Orbits represent squipatentials - planets do
no work as they travel around the Sun,

Equipotential surfaces
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Energy of orbiting satellite
Total energy of ratellite:
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i The patential energy of the savellite deminates the total ensrgy of
-’ the satellite - the total encrgy is negative and becomes constant
ak greater distances.
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