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Historical introduction 3 3 gﬂ

Before Newton, scientists thought the force
that held the planets in their orbits was held to
be completely different from the force that
makes things fall to the centre of the earth.
Galileo studied gravity by observing how
objects behave when gravity acts on them.

In particular, he did a series of experiments of
balls rolling down inclined planes.

His bottom line: terrestrial gravity causes all
objects to accelerate the same amount,
regardless of their mass, and the rate of that
acceleration is constant.

At the same time the German astronomer
Johannes Kepler, using data on planetary
motions assembled by the Danish astronomer
Tycho Brahe, succeeded in discovering how
the planets move on their orbits. Like Galileo,
he summarized his studies of planetary motion
in concise statements, known as Kepler's
Laws of Planetary Motion.

Each referred to a different sphere of reality.
Later Isaac Newton found out that both
men, were in fact, studying the same thing.

Tycho Brahe (1546 — 1601)

He was born on 14
December 1546 in
Sweden.

In 1572 Tycho observed
the new star Cassiopeia

* | and published a brief tract
= about it the following year.

He was now convinced that the improvement
of astronomy hinged on accurate observations.
He headed the world's first great observatory in
Denmark, just before the advent of the
telescope. Using huge brass protractor — like
instruments called quadrants, Brahe measured
the position of planets over twenty years so
accurately that his measurements are still valid
today.
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The universal Law of Gravity
Newton got a great idea while he was watching
an apple fall in an orchard while he could see
the moon in the sky.

Newton knew that a dropped apple would fall
straight down to earth under the influence of
terrestrial gravity. When you throw an apple
straight on it follows a curved path as gravity
pulls it down. Throw the apple harder and it
lands farther away. Throw it very hard indeed
and it could even circle the earth. This is what
the moon does.
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The force that constantly acts on the moon is
gravity, the same gravity that pulls the apple
down (on earth).

He also found that only three physical
quantities determine gravitational force:

* The mass of object one

* The mass of object two

* The distance between the two objects

Between any two objects there is an attractive
force proportional to the product of the two
masses divided by the square of the distance
between them.

mass; X mass;
. 2
distance

Force ~

. 2 . .
distance” = distance x distance
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Different masses or distances cause
different gravity force
That means any large mass will exert a
large gravitational force, but no special
distinction is made between large masses
and small ones. The earth pulls the apple
down, but the apple also exerts a force on
the earth.
Examples
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Two Object with the mass M have the force Fi
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When we change the |or we double the
mass of one of the distance between
objects into 2 x M these two objects
Then we have;
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F, = 2x F, FzzTX F,
With the Law of Universal Gravitation
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suddenly scientists saw the universe in a
new way, ordered and predictable as never
before.

But still the formula is not perfect, it needs
the Universal Gravitational Constant G.
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The Universal Gravitional Constant, G
Henry Cavendish completes the formula

of Newton by multiplying it with the
constant G.

The perfect formula is:

mass; X mass,
distance?

Force = G x

The magnitude of G is given by the
magnitude of the force between 1 kg
bodies that are 1 meter apart;

0.0000000000667 Newton
This is an extremely weak force. In

scientific notation:
G =6.67 x 10" N x m%/kg?
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Henry Cavendish (1731 — 1810) %\ﬁ"aT ﬁ'ii'é‘m (9999 — 9490)

English physicist and

chemist. He was a rn:‘%'535'2?3'{:’&'ﬁ&&'ﬁ:’ﬁ&'@g&%ﬁi:q':raq@w
wealthy recluse, and P T ST P
most of his writings FRESELRIR I G FN N IR RE A IEFNN AN
were published qNN'ﬁ'?ﬁ‘QﬁN'EN'Q%N'ﬁW'@R'ﬁi’ﬂ
posthumously.
Cavendish worked on
scientific problems for
his entire long life.
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*He was the first to show that water is Dﬁ;’%'@nﬁq&' &"\q'@]qwﬁ;é:qg&'&'uﬁﬁu’%’q
a compound and that air is a mixture P P T G
-- previously both were thought to be SEFRNIRTAG] FREV SN NFRVAFHR
elements. AR AR

*In the process he discovered N s S
hydrogen and developed methods for ONTRINARNARGRANAFIZTAN ASVENT]
weighing and measuring gases 5@y R @y REAR g RGP v asgaR iy

*He is best known for his experiment maeaRs)
determining the gravitational constant v o - N - A N
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As we said according to the 2" law of Newton
Force = Mass x Acceleration

In this unit we learnt a second equation for the
Gravity force

Mass x MassSearth
distance?

Force = G x

So we have:

Mass

Mass x Acceleration = G x —-————= x Mass
distance Earth

Mass distance

Mass divided by Mass makes 1

G

Acceleration = ——— — .
distance

X Masseartn

. 2 .
distance ‘ X ‘ Acceleration ‘ = ‘ Gx MassEgarth

. . 2
Acceleration x distance

G

= | MassEgarth

G =6,67 x 10" N x m%/kg?

The distance is the Radius of earth
d=6,37x10°m
d?*=40,57 x 10" m?
Acceleration = 9,8 m/s?

1
x Mass x Acceleration = G X i .-.--Z X MasSgarth

9,8 m/s® x 40,57 x 10" m?

Massear 6,67 x 107" N x m?/kg”
Mass _ 9,8x40,57 x 10" m/s® x m?
Farth 6,67 x 10" N x m?/kg®
Mass _ 397,586 x 10" x 10" m?®/s?
Farth 6,67 N x m?/kg”
. ka?/ s2
Massgartn = 59,6 x 10" mx l\? /s
PanosPsarros

Translated by Lhundup Dorjee

QA% = AFWEF] x YR B

Jragaisnndvadsgaad Fandvnjuadngy

SIAE

5 &5} H el Sna RIS



Physics

Mundgod

Centre of gravity

In every matter there is a single point
associated with an object where the force
of gravity can be considered to act.

Uniform Centre of
wooden rod gravity

A S e /S ek

Al |1 Gok| ‘18
|

Gravitational forces T S T
p —> ik | |
on particles of rod vvvvvvvvvvl‘,‘,VVVVVVVV

Resultant ¢
gravitational forces
on all particles of rod

w
(Weight)

C D
L1
R Ll

The centre of gravity of the following object
lies above the base of support.

Therefore the object is in stable
equilibrium

Centre

of
gravity
Base
of
support

Otherwise the object will fall down till the
centre of gravity lies above the base of
support.

Centre
of Centre of gravity is

gravity\ lower now

| 3

support

A low centre of gravity makes an object
stable. Therefore racing cars and tractors
have a low centre of gravity.
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Ocean Tides

Ocean Tides are caused by differences in
the gravitational pull between the moon
and Earth on opposite sides of Earth.

Low tide High tide
Gravitational force between the moon and
Earth is stronger on the side of Earth
nearer to the moon and is weaker on the
side of Earth farthest from the moon. This
is simply because the gravitational force
becomes weaker with increased distance.

On a world average, the ocean bulges are
nearly 1 meter above the average surface
level of the ocean. Earth spins once per
day, so a fixed point on Earth passes
beneath both of this bulges each day.
When Earth has made a quarter turn, 6
hours later, the water level at the same
part of the ocean is nearly 1 meter below
the average sea level. This is low tide.

So we have two high and two low tides
daily.

Spring tides
Have nothing to do with spring season.
When the sun, Earth, and moon are lined
up, the tides due to the sun and the moon
coincide.

o © o

Then we have higher than average high
tides and lower than average low tides.
These are called spring tides
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Gravitational fields q@%"ﬁ“"ﬁ"z*ﬁqa'&g'gi'ﬂ“'g&'ﬁ'ﬁ ‘%ﬂﬂ"‘@ﬁﬁ'

A force of gravity acts between yoli5ahdResRa3agfadszmanyEay@gPar

Earth, even when you and Earth aregnﬁt in

contact. There is a certain region all

around Earth, stretching out into §r5’e§6é‘f"qi§“’©‘5ﬂ“ﬁqlqaﬁﬂﬂ“$§‘“E’ﬂ
where gravity acts on objects, pulling them

towards Earth. This region is called the

Earth's gravitational field.
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A field is a space where one object e - N
exert a force on another object VEIFGURNYA| i““""”““’E“T""an%ﬂﬂ“@%""

touching it. &5 Rggan) PuEsdsTAgaAE| AxE|
In a gravitational field, matter is atfEEA Y RGNy A a5 A5 FapaRN
to other matter. All matter produzés: TR BFH AR

gravitational field. But only large masses,

such as Earth, have strong grawtét%ﬂaﬁ q"ﬂ&&q“%ﬁ T
fields which produce large forces. m= mqm | 53‘1"1 |

{

There are another two types of field.

Magnetic field and electric field
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Black holes

A q AN & AR IRE PERE”
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’\Rﬂdﬂ% q&gmmqw&{}ngwﬂ
hen a star collapses to half radius with
no change in its mass the gravity force is
getting 4 times higher.

s, .~ Indestructible person
standing on a
shrinking star

; 40,000 N
SEEOREL
ﬁq?ﬂ/“%] y
345%%"“"“%%’ V3535 Ay R E T {5

TRt thasstan colngiech (xadilkhdls radius
ity force would become.100 times

rav NOL
‘75“1“ﬁ"*g%% SRR AN SRSt would
NaN N ABDAR Fowsk 400 Ehighes

SHIRTR ‘?:tﬁggstér klept shrinking, the gravitational

field on the surface would become so

s there%ore Eﬁ‘uggsy%ﬁ Wﬂdé‘@ﬁg Cranpr))?e?gl?/

CRAKEY AiviSBle through a telescope.

We can see the gravitational influence on
the neighbouring stars.
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We all know that Earth and theR&@H& ’*"a'ﬁ"”"m"“%"‘Sa"@‘%ﬂwgﬁﬂ &
planets are round. But why? It i&ar@%@v&}’;&ﬁiﬂ&sg&ﬂvqg%@&vggﬂ
because of gravitation. Everything attracts
everything else, and so the Earth has
attracted itself together as far askZaivynessrqaaadgyds qeays
Any corners of the earth have beenpulled .
in. TR AQH QU ARYANPH NN
Pxa| aEagRgyRaRsRTapA g fad
If everything pulls on everything elgg ,the&n SRV U G —
the planets must pull on each other. %{ﬁ oA il YTARARANEFFA ST
The force that controls Jupi@NNAEEHs]
example, is not just a force from =10 « N N I NI G S
there are also pulls from the other plan ts.E!q ﬁj qéf\ 829 qg&§§:&1 “jli iq%
When Saturn as example is near JEPifERIE 2RI QRNANWAQA| & AT AN NS]
pull disturbs the path traced by qgéga'tgg, o RIS ST AN SRR S
Both planets "wobble"” about_ t\eirﬁ@w i [@’ﬂ\% FARTTA
expected orbits. These interpf@iElary perturbations) ==
perturbations. o o n & -
959 JRETH SRBFT AFAA RN A ARG G

The shape of distant galaxies p‘fqu@esgwgﬁ’%&]

further evidence that the law of gra\zlaivtation GRS F e s R e ar

applies to larger distances. JINAYPANGTI A THTIRYAINILTENT
“Q'S%'Wwﬂﬂ&'ﬂﬁ'ﬂm"”ﬂ &Y INEN '@

Few theories have affected scie

civilisation as much as Newton's the Q}%%%iqj“:“%&'ﬁ:ivqﬂvququms‘?g
gravitation. The successes of NEWtGWS @TFIVIR yuEHIENYAZRY YN

ideas ushered in the so-called {ﬁ% 31 NS U S S
FNN'BN & QAAY
Enlightenment, for Newton ha FYINH INISTNYHATIA

demonstrated that by observatiB A VIR R 55 Y nasyvadangza
reason and by employing megla@\@i%viq MR §REENN A RS E R mgE

models and deducing mathematical laws,
people could uncover the very workitigs b8
the physical universe. How profound that
all the moons and planets and stars and

Physics
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galaxies have such a beautifully simpledF = G x my x2m2
rule to govern them; namely, d
my X m
F=G x— 52
d
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