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Gravity 
 

Historical introduction 
 

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. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  G ô -¾º Û - º f ï m - Á ÝGÅ ü 
         M¾ -¼zÅ -ˆ Û - P ô - v ô h ü 
mÛ-‡ôm-¤-‚ãP-GôP-¾ü ±m-¼ÛG-q-±ôÅ-G¸º-Ç+¼-hG-¼P-GÛ-ºDô¼-¾¤-hÝ-
º²Ûm-‚ïh-ÁÝGÅ-hP-hPôÅ-G¸ÞGÅ-n¤Å-Gô-¾ºÛ-hzÞÅ-xôGÅ-ÅÞ-¿ËàP-‚ïh-
ÁÝGÅ-GZÛÅ-TÛ-»P-¤Û-¤fÞm-qºÛ-zÅ¤-±ß¾-»ôhü  
Gï-¾Û-¾Ûï»ô-( Galileo )»Û-Gô-¾ºÛ-ºfïm-ÁÝGÅ-hzP-GÛ-hPôÅ-qô-n¤Å-
ˆÛ-uôh-±ß¾-¾-ÇÀôz-¢åôP-GmP-Çeï-ŸÛz-ºWâG-‚Å-q-¼ïhü 
DôP-GÛÅ-qô-¾ô-D-ÁÅ-GÅïG-ÇÀôG-qºÛ-fP-¤-ºGº-ŸÛG-GÛ-ÇeïP-hÝ-zÁÝh-
ºIôÅ-zbP-Çeï-zdG-hrh-¼Û¤-q-D-ÁÅ-GmP-z-n¤Å-mÛ-h¤ÛGÅ-zÅ¾-
HÛ-zdG-hrh-ŸÛG-»Ûm-q¼-PôÅ-º²Ûm-‚Å-¤ÞÅ-»Ûmü 
DôP-GÛ-¤WâG-zÇkô¤Å-ˆÛ-±ÛG-zÁh-hï-¾ü Gô-¾ºÛ-ºfïm-ÁÝGÅ-ˆÛ-ÁÝGÅ-
Aïm-HÛÅ-¼P-GÛ-¿UÛh-±h-¾-z¿eôÅ-¤ïh-ˆÛ-hPôÅ-qô-hG-¾-¥ã¼-±h-GTÛG-
¤±ßPÅ-»ôhü hï-»P-¥ã¼-±h-ºw¼-±h-ˆP-zdm-qô-ŸÛG-»Ûmü  
hÝÅ-Ç+zÅ-hï¼ü W¼-¤ïm-Gm¤-¼ÛG-q-Wô-Èïm-mÛÅ-;ïz-¾¼-( 

Johannes Kepler )HÛÅ-‡ï-mÛÅ-Gm¤-¼ÛG-q-cï-Dô-zÛ-¼-( Tycho 

Brahe )»Û-G¸º-Ç+¼-G»ô-ºGÝ¾-Ç+ô¼-¾-Gbm-ºzïzÅ-GmP-zºÛ-
GmÅ-±ß¾-n¤Å-zïh-uôh-GmP-z-¾-zdïm-mÅ-DôP-GÛÅ-G¸º-Ç+¼-hG-
¼P-GÛ-ºDô¼-¾¤-hÝ-WÛ-¿e¼-ºGÝ¾-zBôh-‚ïh-¤Ûm-HÛ-GmÅ-±ß¾-GÅ¼-½‰ïh-
‚ãP-z-¼ïhü Gô-¾Û-¾Û-»ô-mP-zŸÛm-DôP-GÛÅ-ˆP-G¸º-Ç+¼-G»ô-ºGÝ¾-HÛ-
GmÅ-±ß¾-n¤Å-; ï z -¾¼ - H Û - G ¸º -Ç +¼ - G» ô - ºG Ý ¾ - H Û -
V ô Å - Z Û h -ŸïÅ-qºÛ-Iâz-¤fº-mP-hÝ-xôGÅ-zÇkÝÅ-GmP-»ôhü  
c ï - D ô - z Û -¼ -  Tycho Brahe (1546 – 16 0 1)  
  
DôP-mÛ-xÛ-¾ô- 1546 ¾ôºÛ-¹-z- 12 qºÛ-±ïÅ- 14 ¾-ÅÞ-¶Û-‡ïm-hÝ-
ºFâPÅü 
xÛ-¾ô- 1572 ¾ô¼-DôP-GÛ-Ç+¼-¤-GÅ¼-q-Dï-Åô-qÛ-»-( Cassiopeia 

)¾-dôGÅ-ŸÛz-GmP-z-hP-hï-¾ô-ºWâG-¾-WÛ-¿e¼-»ôh-¤ïh-ˆÛ-GmÅ-±ß¾-
xôGÅ-zÇkÝÅ-ŸÛG-ºIï¤Å-Çtï¾-GmP-z-¼ïhü   
 
DôP-GÛ-»Ûh-VïÅ-ŸÛG-¾-Gm¤-¼ÛG-±m-¼ÛG-»¼-MÅ-ºIô-Mã¼-dôGÅ-ŸÛz-
PïÅ-zdm-ŸÛG-¾-zdïm-hGôÅ-q¼-G¸ÛGÅü hï-»P-MP-Áï¾-GÅ¼-Gbôh-
¤-‚ãP-ÇSôm-¾ü Iïm-¤G-¾-»ôh-qºÛ-º²¤-JÀÛP-GÛ-Gm¤-¼ÛG-zdG-hrh-
DP-fôG-¤¼-hïºÛ-¤Gô-ºFÛh-GmPü ¹â¤-qôºÛ-zŸÛ-V-ºW¾-VÅ-hP-ºi-
zºÛ-¼G-GÛ-z¸ôÅ-qºÛ-¸Þ¼-DÞG-ºW¾-VÅ-Vïm-qô-ŸÛG-zïh-uôh-‚Å-bïü zÛ-
¼-»ÛÅ-¾ô-ZÛ-ÁÝ-GôP-hÝ-G¸º-Ç+¼-n¤Å-ˆÛ-GmÅ-ÇePÅ-D-GÅ¾-dôGÅ-fÞz-
TÛPü hï-±ô-hÝÅ-h-¿e-»P-»ôPÅ-IGÅ-ÅÞ-ºHã¼-»ôhü  
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M¾ - u Û º Û - º f ï m - Á ÝGÅ -ˆ Û - I â z - h ô m ü 
mÛºÞ-‡ôm-¾-zÅ¤-±ß¾-hïü DôP-ÁÛP-bôG-GÛ-ÇkÝ¤-¼-ŸÛG-mP-m¤-
¤DºÛ-¹-z¼-G¸ÛGÅ-zŸÛm-qºÛ-GmÅ-Ç+zÅ-ÅÞ-;Ý-ÁÝ-ŸÛG-ÇkôP-qô-
mÅ-¿ËàP-qºÛ-Aïm-HÛ-»Ûmü  
 
 
 
 
mÛºÞ-‡ôm-HÛÅ-ÁïÅ-dôGÅ-¾-Gô-¾ºÛ-ºfïm-ÁÝGÅ-ˆÛ-ÁÝGÅ-Aïm-¾-
zdïm-mÅ-;Ý-ÁÝ-Gô-¾ºÛ-PôÅ-ÅÞ-fh-;¼-¿ËàP-GÛ-»ôh-q-ÁïÅü G¾-
ÆÛh-P-±ôÅ-;Ý-ÁÝ-ŸÛG-m¤-¤D¼-ºwïm-q-»Ûm-mü hï-Gô-¾ºÛ-ºfïm-
ÁÝGÅ-¾-zdïm-mÅ-¾¤-GÝG-ŸÛG-fôG-mÅ-¿ËàP-GÛ-»ôhü ;Ý-ÁÝ-
ÁÝGÅ-Vï-ºwïm-q-m-hïºÛ-±ôh-ˆÛ-fG-¼ÛP-z¼-zBôh-fÞzü hï-¾Å-
ÁÝGÅ-Vï-z¼-ºwïm-q-mü hï-Gô-¾ºÛ-¤fº-¾-ºDô¼-zBôh-ˆP-‚ïh-
ÆÛhü hï-mÛ-¹-zºÛ-GmÅ-ÇePÅ-hP-ºiü  
 
 
 
 
ÁÝGÅ-GP-ŸÛG-¹-z-¾-¤Þ-¤fÞh-hï-Aïm-‚ïh-¤Dm-mÛ-ºfïm-ÁÝGÅ-
»Ûm-bïü hï-mÛ-;Ý-ÁÝ-Gô-¾ºÛ-PôÅ-ÅÞ-¿ËàP-z¼-‚ïh-¤Dm-HÛ-ºfïm-
ÁÝGÅ-hï-hP-¤±ßPÅü 
 
DôP-GÛ-xÛ-hPôÅ-ˆÛ-GmÅ-ÇePÅ-GÅÞ¤-HÛ-ºfïm-ÁÝGÅ-¾-Aïm-‚ïh-
q¼-ÁïÅü 
� hPôÅ-qô-hP-qôºÛ-GhôÅ-±hü 
� hPôÅ-qô-GZÛÅ-qºÛ-GhôÅ-±hü 
� hPôÅ-qô-GZÛÅ-ˆÛ-MP-±hü 
 
GhôÅ-±h-¿km-qºÛ-hPôÅ-qô-GZÛÅ-ˆÛ-z¼-¾-ºfïm-ÁÝGÅ-PïÅ-Tm-
ŸÛG-»ôh-hïü hï-mÛ-GhôÅ-±h-GZÛÅ-qô-ºHã¼-z-hP-hï-hPôÅ-qô-
GZÛÅ-ˆÛ-MP-±h-¼P-ºHã¼-‚ïh-q-¾-zGôÅ-q-m-ÁïÅü  

 
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. 

 
 
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. 
 

Force ~ mass1 x mass2 
distance2 

 
distance2 = 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 

 
Two Object with the mass M have the force F1 

F1 ≈ M x M  F1 ≈ M2 
d2 d2 

When we change the 
mass of one of the 
objects into 2 x M  

or we double the 
distance between 
these two objects 

Then we have: 

 

 
With the Law of Universal Gravitation 
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. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

F2 ≈ M x 2 x M  F2 ≈ M x M 
d2  22 x d2 

        

F2 ≈ 2 x M2  F2 ≈ M2 
d2  4 x d2 

        

F2 ≈ 2 x  M2  F2 ≈ 1 x M2 
d2  4 d2 

         

F2 ≈ 2 x F1 
 F2 ≈ 1 x F1  4 

        

Gh ôÅ - ±h - hP -MP -±h -¤ Û - º i - z -» ô h - q -¾ - z d ï m -
mÅ - º f ï m - Á ÝGÅ -¤ Û - º i - z - f ô z ü 

hïºÛ-Gô-hôm-mÛü GhôÅ-±h-Vï-z-»ôh-q-±ôÅ-ºfïm-ÁÝGÅ-ˆÛ-ÁÝGÅ-
Çoôm-»P-Vï-z-vôh-fÞzü »Ûm-mºP-GhôÅ-±h-Vï-VßP-GÛ-Eh-q¼-
h¤ÛGÅ-zÅ¾-Çeôm-¤ïhü Gô-¾Å-;Ý-ÁÝ-¾-ÁÝGÅ-Çoôh-vh-q-zŸÛm-;Ý-
ÁÝÅ-ˆP-Gô-¾¼-ÁÝGÅ-Çoôh-»ôh-q¼-GÅ¾ü  
 
 
hPôÅ-qô-GZÛÅ-ˆÛ-GhôÅ-±h-  M   »Ûm-mü hï-¾-ÁÝGÅ- F1 

»ôhü 
 
 
G¾-ÆÛh-P-±ôÅ-hPôÅ-qô-GTÛG-GÛ-GhôÅ-±h-¿kz-GTÛG-GÛ-Vï-¼Þ-
zbP-zü »P-mü hPôÅ-qô-GZÛÅ-ˆÛ-MP-±h-¿kz-ºHã¼-‚ïh-q-mü 
  P-±ô¼-ºhÛ-¿e¼-fôzü 
 
 
 
 
 
 
 
 
 
M¾-uÛºÛ-ºfïm-ÁÝGÅ-ˆÛ-Iâz-hôm-¾-zdïm-mÅ-±m-¼ÛG-q-±ôÅ-ºWÛG-
dïm-GmÅ-ÇePÅ-¾-z¿e-±ß¾-GÅ¼-q-ŸÛG-½‰ïh-q-¼ïhü hï-mÛ-ÇSôm-
hP-¤Û-ºi-zºÛ-Gô-¼Û¤-¿km-qô-hP-Çkôm-hqG-‚ïh-ÇÀ-z¼-ºHã¼-z-¼ïhü   
»Ûm-mºPü ºfïm-ÁÝGÅ-ˆÛ-uÛ-ºIôÅ-hï-bG-bG-¤ïhü hï-¾-M¾-
uÛºÛ-ºfïm-ÁÝGÅ-ˆÛ-dGÅ-IPÅ- G  hGôÅ-PïÅ-Vïü  
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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: 
 

Force = G x mass1 x mass2 
distance2 

 
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 10-11 N x m2/kg2 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

M¾ - u Û º Û - º f ï m - Á ÝGÅ -ˆ Û - dGÅ -IPÅ ü G 
Èïm-¼Ûü Dï-¶ïm-‡ÛÁü mÅ-mÛºÛ-‡ôm-HÛ-uÛ-ºIôÅ-¾-dGÅ-IPÅ- 
G hP-ºHã¼-bï-Gbm-ºzïzÅ-‚Åü 
»P-hG-GÛ-uÛ-ºIôÅ-bïü 
ÁÝGÅü = dGÅ-IPÅü x GhôÅ-±h-1 x GhôÅ-±h-2  
                 MP-±h-¼P-ºHã¼ü   
dGÅ-IPÅ- G GÛ-Vï-VßP-mÛ-GhôÅ-±h- 1 kg ¿km-HÛ-
hPôÅ-qô-GZÛÅ-MP-±h- 1 meter GÛ-GmÅ-ÅÞ-zŸG-qºÛ-
z¼-HÛ-ÁÝGÅ-hP-¤±ßPÅü 
 

0.0000000000667 Newton 
ºhÛ-mÛ-ÁÛm-bà-y-zºÛ-ÁÝGÅ-ŸÛG-»Ûmü  
 ±m-¼ÛG-fôG-ƒÛÅ-ÇePÅ-mÛü 

G = 6.67 x 10-11 N x m2/kg2 
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Henry Cavendish (1731 – 1810) 
 
English physicist and 
chemist. He was a 
wealthy recluse, and 
most of his writings 
were published 
posthumously. 
Cavendish worked on 
scientific problems for 
his entire long life. 
 

 
• He was the first to show that water is 

a compound and that air is a mixture 
-- previously both were thought to be 
elements. 
• In the process he discovered 

hydrogen and developed methods for 
weighing and measuring gases 
• He is best known for his experiment 

determining the gravitational constant 
G. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

  

È Û m -¼ Û ü  D ï - ¶ ï m - ‡ Û Á ü (1731 – 181 0) 
 
DôP-mÛ-h‚Ûm-WÛºÛ-hPôÅ-D¤Å-hP-µμÅ-ºHã¼-±m-¼ÛG-q-ŸÛG-»Ûmü 
DôP-EÛ¤-±P-º‚ô¼-¿km-ŸÛG-mÅ-»Ûm-q-hP-DôP-GÛ-z¯¤Å-¼ÛGÅ-
n¤Å-Ç+Ý-ZÛh-ºhÅ-XïÅ-ºIÛ¤-Çtï¾-‚ãP-z-¼ïhü 
DôP-GÛÅ-±m-¼ÛG-¾Å-Çoï-¾-¤Û-±ï-V-±P-Bï¾-z-ŸÛG-¼ïhü  
 
 
 
�DôP-mÛ-Vß-zÇkïzÅ-µμÅ-ŸÛG-»Ûm-q-hP-½ÀâP-ºiïÅ-¤-»Ûm-q-Çeôm-
¤Dm-fôG-¤¼-hï-»Ûmü hï-ÇSôm-¤Û-±ôÅ-hï-GZÛÅ-¯-µμÅ-»Ûm-q¼-
ºhôh-±ß¾-»ôhü  
●hïºÛ-Ç+zÅ-DôP-¾-»P-½ÀâP-GÅ¼-½‰ïh-‚ãP-ŸÛPü ½ÀPÅ-µμÅ-hG-
¿YÛh-±h-hP-±h-ºW¾-WÛ-¿e¼-‚ïh-¤Ûm-HÛ-fzÅ-¾¤-GÅ¼-Gbôh-
GmP-z-¼ïhü 
●DôP-mÛ-ºfïm-ÁÝGÅ-ˆÛ-dGÅ-IPÅ-hï-GÅ¼-½‰ïh-WÛ-¿e¼-‚ãP-¤Ûm-
HÛ-zdG-hrh-hï-¾-È-TP-Ç‰m-IGÅ-Vïm-qô-»ôhü 
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The Mass of Earth 
 

As we said according to the 2nd law of Newton  
 

Force = Mass x Acceleration 
 

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

 

Force = G x Mass x MassEarth 
distance2 

 
So we have: 

 

Mass x Acceleration = G x 
Mass  

x MassEarth distance2 
 

1 
x Mass x Acceleration = G x  

1 
x MassEarth Mass distance2 

 
Mass divided by Mass makes 1 
 

Acceleration = G x MassEarth 
distance2 

 
distance2 x Acceleration = G x MassEarth 

 
Acceleration x distance2 

= MassEarth G 
 

G = 6,67 x 10-11 N x m2/kg2 

 
The distance is the Radius of earth 

d = 6,37 x 106 m 
d2 = 40,57 x 1012 m2 

Acceleration = 9,8 m/s2 

 

 

MassEarth = 9,8 x 40,57 x 1012   m/s2 x m2 
6,67 x 10-11   N x m2/kg2 

 

MassEarth = 397,586 x 1012 x 1011  m3/s2  
6,67  N x m2/kg2 

 

MassEarth = 59,6 x 1012 +11 m x kg2 / s2  
N 

 
 
 
 
 
 

MassEarth = 9,8 m/s2 x 40,57 x 1012 m2 
6,67 x 10-11 N x m2/kg2 

G ô -¾º Û - Gh ô Å - ±h ü 
mÛºÞ-‡ôm-HÛ-VôÅ-ZÛh-GZÛÅ-qºÛ-Iâz-hôm-mÛü 
  
Á ÝGÅ ü =  Gh ôÅ - ±h ü x ¥ ã¼ - ± h ü   
 
ÇÀôz-±m-ºhÛ-mP-P-±ôÅ-ºfïm-ÁÝGÅ-ˆÛ-Ç‰ô¤Å-¯ÛÅ-GZÛÅ-q-ŸÛG-ÁïÅ-
q-»Ûmü 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MP-±h-mÛ-Gô-¾ºÛ-±PÅ-fÛG-xïh-;-»Ûmü 
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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. 
 

 
 
 
 
 
 
 
 
 
 
 
 
The centre of gravity of the following object 
lies above the base of support.  
Therefore the object is in stable 
equilibrium 
 
 
 
 
 
 
 
Otherwise the object will fall down till the 
centre of gravity lies above the base of 
support. 
 
 
 
 
 
 
 
 
A low centre of gravity makes an object 
stable. Therefore racing cars and tractors 
have a low centre of gravity. 
 
 
 

 

G 

Base  
of 

support 

Centre 
of 

gravity 

Base  
of 

support 

Centre 
of 

gravity 

New base  
of 

support 

Centre of gravity is  
lower now 

ºf ï m - Á ÝGÅ -ˆ Û - ¿ e ï - G mÅ ü 
hPôÅ-qô-G-ºi-ŸÛG-»Ûm-¼ÞP.hï-¾-ºfïm-ÁÝGÅ-ˆÛ-Aïm-‚ïh-ÅºÛ-±ïG-
ŸÛG-»ôhü 
 
 
 
 
 
 
 
 
 
 
 
 
 
GÁ¤-hÝ-zÇem-qºÛ-hPôÅ-qô-hïºÛ-ºfïm-ÁÝGÅ-ˆÛ-¿eï-GmÅ-mÛ-¼P-GÛ-
GŸÛ-º²Ûm-ÅºÛ-GmÅ-¾-¤fô-z-»ôhü 
hï-¾-zdïm-mÅ-hPôÅ-qô-hï-xôGÅ-¿ËàP-¤ïh-q¼-zdm-qô¼-GmÅ-fÞzü 
 
 
 
 
hï-¤Ûm-hPôÅ-qô-hïºÛ-ºfïm-ÁÝGÅ-ˆÛ-¿eï-GmÅ-hï-¼P-GÛ-GŸÛ-º²Ûm-
GmÅ-¾Å-¤fô-z¼-¤-VGÅ-z¼-¿ËàP-GÛÅ-»ôhü 
 
 
 
 
 
 
hPôÅ-qôºÛ-ºfïm-ÁÝGÅ-ˆÛ-¿eï-GmÅ-h¤º-zô-»ôh-mü hï-zŸÛm-hPôÅ-
qô-hï-zdm-q-»ôhü hï-ºi-ÅôP-®Pü MãGÅ-ºIm-ÇoÝ¤-ºDô¼-hP-
©ôh-ºDô¼-n¤Å-ˆÛ-ºfïm-ÁÝGÅ-ˆÛ-¿eï-GmÅ-h¤º-zô-»ôhü 
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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. 
 

 
 
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.  
 

 
 
Then we have higher than average high 
tides and lower than average low tides. 
These are called spring tides 
 

 

M -¤± ô º Û -½ À z Å ü 
M-¤±ôºÛ-½ÀzÅ-ˆÛ-‚ãP-Aïm-G®ô-zô-mÛ-¹-z-hP-Gô-¾ºÛ-¿kôG-xôGÅ-
GZÛÅ-ˆÛ-z¼-HÛ-ºfïm-ÁÝGÅ-ˆÛ-»Ûmü 
 
 
 
 
¹-z-hP-Gô-¾ºÛ-z¼-HÛ-ºfïm-ÁÝGÅ-hï-Gô-¾ºÛ-xôGÅ-¹-z-hP-Zï-z-
»ôh-q-hï-¾-¤fô-z-hP-MP-z-hï-¾-h¤º-z-»ôhü hïºÛ-Mã-¤±m-mÛ-
MP-±h-WÛ-®¤-Vï-¼Þ-ºIô-z-hï-zŸÛm-ºfïm-ÁÝGÅ-WÛ-VßP-hÝ-ºIô-GÛ-
»ôhü 
 
 
 
 
uÛ-Ç‰ô¤-fôG-mÅ-zÁh-mü M-¤±ôºÛ-ºwï¾-Bïh-PôÅ-mÅ-¤Û-‡¼-
GTÛG-®¤-ºIô-GÛÅ-»ôhü Gô-¾-ZÛm-¼ïºÛ-mP-¼P-Ç+ô¼-GTÛG-¼ï-
Mz-ˆÛ-»ôh-q-hPü hï-ºi-»Ûm-mü Gô-¾ºÛ-GmÅ-¼ï-¼ï-¾-ºwï¾-
Bïh-±¼-GZÛÅ-¼ï-ZÛm-¿e¼-»ôP-GÛÅ-»ôhü Gô-¾-¼P-Ç+ô¼-zŸÛ-V-
GTÛG-z¸Ûm-q-mü Vß-±ôh-iâG-GÛ-XïÅ-ÅÞ-GmÅ-GP-ŸÛG-¾-M-
¤±ôºÛ-¤fô-±h-uÛ-Ç‰ô¤-¾Å-¤Û-‡¼-GTÛG-GÛ-h¤º-z-VGÅ-ˆÛ-»ôhü 
hï-¾-½ÀzÅ-h¤º-z-¸ï¼ü  
hï¼-¿e¼-mü ½ÀzÅ-¤fô-z-hP-½ÀzÅ-h¤º-z-¸ï¼-z-GZÛÅ-»ôh-q-
GÅ¾ü 
      M -¤ -± ô º Û - h ÝÅ -½ À z Å ü 
hï-mÛ-hrÛh-;ºÛ-m¤-hÝÅ-hP-ºƒï¾-z-¤ïhü 
ZÛ-¤-hPü Gô-¾ü ¹-z-zTÅ-fÛG-GTÛG-GÛ-ÇeïP-hÝ-ºDï¾-z-mü 
ZÛ-¹-¾Å-‚ãP-zºÛ-½ÀzÅ-GZÛÅ-ÇSïz-ˆÛ-»ôhü 
 
 
 
hï-¾-zdïm-mÅ-½ÀzÅ-¤fô-z-Mãm-hP-¤Û-ºi-zºÛ-¤fô-z-hPü ½ÀzÅ-
h¤º-z-Mãm-hP-¤Û-ºi-zºÛ-h¤º-z-»ôhü hï-±ô-¾-M-¤±ôºÛ-hÝÅ-
½ÀzÅ-¸ï¼ü  
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Gravitational fields 
 
A force of gravity acts between you and 
Earth, even when you and  Earth are not in 
contact. There is a certain region all 
around Earth, stretching out into space, 
where gravity acts on objects, pulling them 
towards Earth. This region is called the 
Earth's gravitational field. 

 
 

A field is a space where one object can 
exert a force on another object without 
touching it. 
 
In a gravitational field, matter is attracted 
to other matter. All matter produces a 
gravitational field. But only large masses, 
such as Earth, have strong gravitational 
fields which produce large forces. 
 
There are another two types of field. 
 
Magnetic field and electric field 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 

ºf ï m - Á ÝGÅ -ˆ Û -¼ Î Ð - z ü 
Eôh-hP-Gô-¾ºÛ-z¼-ºfïm-ÁÝGÅ-ˆÛ-ÁÝGÅ-Aïm-»ôhü Eôh-hP-Gô-¾-
¼ïG-¤ïh-mºPü ºfïm-ÁÝGÅ-ˆÛ-¾Å-;-‚ïh-ˆÛÅ-»ôhü Gô-¾ºÛ-
ºEôm-»ôPÅ-ÅÞ-z¼-ÇoP-GÛ-¤fô-±h-GP-®¤-hÝ-ºfïm-ÁÝGÅ-ˆÛ-Aïm-
»ôh-hïü hïÅ-hPôÅ-qô-TÛ-ºi-ŸÛG-»Ûm-¼ÞP-¼P-GÛ-PôÅ-ÅÞ-ºfïm-HÛÅ-
»ôhü 
hï-ºiºÛ-¤Dº-h‚ÛPÅ-ˆÛ-V-ÁÅ-hï-¾-ºfïm-ÁÝGÅ-ˆÛ-¼ÎÐ-z-¸ï¼ü 
 
 
 
 
 
 
 
¼ÎÐ-z-¸ï¼-z-hï-mÛü hPôÅ-qô-GTÛG-GÛ-GŸm-¾-¤-fÞG-¤-ºyh-mºP-
ÁÝGÅ-Aïm-»ôh-q-ŸÛG-¾-Gôü 
ºfïm-ÁÝGÅ-ˆÛ-¼ÎÐ-zºÛ-mPü hPôÅ-qô-GTÛG-GÛÅ-GŸm-ŸÛG-¼P-PôÅ-
ÅÞ-ºfïm-HÛÅ-»ôhü hPôÅ-qô-»ôPÅ-µμôGÅ-¾-ºfïm-ÁÝGÅ-ˆÛ-¼ÎÐ-z-
»ôhü »Ûm-mºPü GhôÅ-±h-Vïm-qô-»ôh-qºÛ-hPôÅ-qôü hqï¼-mü 
Gô-¾-ÅôGÅ-¾-ºfïm-ÁÝGÅ-¼ÎÐ-z-»P-Vïm-qô-»ôhü hï-¾-zdïm-mÅ-
hï-±ô¼-ÁÝGÅ-ˆP-Vïm-qô-»ôhü 
hï-»Pü ¼ÎÐ-z-¼ÛGÅ-¤Û-ºi-z-GŸm-GZÛÅ-mÛü 
Dz-¾ïm-lôºÛ-¼ÎÐ-zü hPü JÀôG-GÛ-¼ÎÐ-zü 
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Black holes 
 
Massive stars at the end of their lives 
collapse and get formed into black holes. 
 
When a star collapses to half radius with 
no change in its mass the gravity force is 
getting 4 times higher. 
 

 
 
If the star collapsed to a 10th of its radius 
the gravity force would become 100 times 
higher. That means our weight would 
become as well 100 times higher. 
 
If the star kept shrinking, the gravitational 
field on the surface would become so 
strong that even light could not escape and 
therefore they would be completely 
invisible through a telescope. 
 
We can see the gravitational influence on 
the neighbouring stars. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

z Þ - G - mG - q ô ü 
GhôÅ-±h-È-TP-Vïm-qô-»ôh-qºÛ-G¸º-Ç+¼-n¤Å-¤fº-ºWâG-¯-hô¼-
xÛm-bï-z Þ - G - mG - q ô¼-ºHã¼-HÛÅ-»ôhü  
 
Ç+¼-¤-ŸÛG-lÛz-Bôm-‚ãP-±ïü hïºÛ-GhôÅ-±h-¾-ºHã¼-z-¤ïh-ˆP-¼P-
GÛ-xïh-±PÅ-fÛG-¿kz-GTÛG-GÛVßP-hÝ-ºIô-GÛ-»ôhü hï-¾-zdïm-mÅ-
¼P-GÛ-ºfïm-ÁÝGÅ-¿kz-zŸÛ-»Û-Vï-¼Þ-ºIô-GÛ-»ôhü  
 
 
 
 
 
G¾-ÆÛh-Ç+¼-¤-ŸÛG-¾-lÛz-Bôm-‚ãP-Çeï-xïh-±PÅ-fÛG-¿kz-zTß-»Û-VßP-
hÝ-ºIô-z-mü ¼P-GÛ-ºfïm-ÁÝGÅ-¿kz-zM-»Û-Vï-¼Þ-ºIô-GÛ-»ôhü Mã-
¤±m-hï-¾-zdïm-mÅ-P-±ôºÛ-¿YÛh-±h-ˆP-¿kz-zM-»Û-Vï-¼Þ-ºIô-GÛ-»ôhü 
 
G¾-ÆÛh-Ç+¼-¤-ŸÛG-¤Þ-¤fÞh-mÅ-lÛz-ºIô-z-mü ¼P-GÛ-ºfïm-ÁÝGÅ-
È-TP-GôP-ºwï¾-xÛm-q-¾-zdïm-mÅ-¤f¼-ºôh-ˆP-¤f¼-¤Û-fÞz-qºÛ-
GmÅ-±ß¾-VGÅ-ˆÛ-»ôhü hï-¾-zdïm-mÅ-P-±ôÅ-MP-Áï¾-zïh-uôh-
‚Å-ˆP-GP-»P-¤fôP-¤Û-fÞz-zôü 
 
»Ûm-mºPü P-±ôÅ-ºDô¼-»ÞG-GÛ-Ç+¼-¤-hG-¾-hïºÛ-ºfïm-ÁÝGÅ-ˆÛ-
ÁÝGÅ-Aïm-hï-¤Pôm-fÞzü 
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Universal Gravitation 
 
We all know that Earth and the other 
planets are round. But why? It is round 
because of gravitation. Everything attracts 
everything else, and so the Earth has 
attracted itself together as far as it can! 
Any corners of the earth have been pulled 
in. 
 
If everything pulls on everything else, then 
the planets must pull on each other. 
The force that controls Jupiter, for 
example, is not just a force from the sun; 
there are also pulls from the other planets. 
When Saturn as example is near Jupiter its 
pull disturbs the path traced by Jupiter. 
Both planets "wobble" about their 
expected orbits. These interplanetary 
forces causing this wobbling are called 
perturbations. 
 
The shape of distant galaxies provides 
further evidence that the law of gravitation 
applies to larger distances. 
 
Few theories have affected science and 
civilisation as much as Newton's theory of 
gravitation. The successes of Newton's 
ideas ushered in the so-called Age of 
Enlightenment, for Newton had 
demonstrated that by observation and 
reason and by employing mechanical 
models and deducing mathematical laws, 
people could uncover the very workings of 
the physical universe. How profound that 
all the moons and planets and stars and 
galaxies have such a beautifully simple 
rule to govern them; namely, 
 

F = G  x m1 x m2 
d2 

  
 
 
 
 
 
 
 
 

M¾ - u Û º Û - º f ï m - Á ÝGÅ -ˆ Û - dGÅ -IPÅ ü 
Gô-¾-hP-G¸º-Ç+¼-GŸm-n¤Å-ÇKô¼-h‚ÛzÅ-»Ûm-q-P-±ô-±P-¤Å-
ÁïÅ-ˆÛ-»ôhü  hïºÛ-Mã-¤±m-TÛ-»Ûm-m¤ü hï-mÛ-ºfïm-ÁÝGÅ-»ôh-
qºÛ-Aïm-HÛ-»Ûmü hPôÅ-qô-»ôPÅ-µμôGÅ-ˆÛ-hPôÅ-qô-GŸm-¤-¾ÞÅ-q-
ºfïm-HÛ-»ôhü ÅºÛ-Gô-¾-¾ºP-ºhÛ-ºiºÛ-ºfïm-ÁÝGÅ-hï-»ôhü Gô-
¾ºÛ-Å-xôGÅ-»ôPÅ-µμôGÅ-hzÞÅ-ÅÞ-ºfïm-HÛÅ-»ôhü 
 
hPôÅ-qô-»ôPÅ-ˆÛ-GŸm-¤-¾ÞÅ-q-ºfïm-HÛ-»ôh-mü G¸º-Ç+¼-
GTÛG-GÛ-GŸm-ŸÛG-¾ºP-ÁÝGÅ-Aïm-»ôh-q-GÅ¾ü 
hqï¼-mü G¸º-wÞ¼-zÞ-ÇePÅ-º²Ûm-‚ïh-¤Dm-HÛ-ÁÝGÅ-hï-ZÛ-¤ºÛ-
ºfïm-ÁÝGÅ-GTÛG-qôÅ-¤Ûmü hï-¾-G¸º-Ç+¼-GŸm-hG-±ôÅ-ˆP-
ÁÝGÅ-Aïm-»ôhü 
hqï¼-mü G¸º-Çtïm-q-wÞ¼-zÞºÛ-Zï-ºI¤-hÝ-ÇÀïzÅ-q-mü hï-¾-zdïm-
mÅ-G¸º-¼P-¼P-GÛ-ºDô¼-¾¤-¾-ºFâG-Vïm-ŸÛG-z¸ô-»ÛÅ-»ôhü 
G¸º-Ç+¼-wm-±ßm-HÛ-ºDô¼-¾¤-ºFâG-Vïm-z¸ô-¤Dm-HÛ-ÁÝGÅ-hï-¾-
h=ôG-Aïm-( perturbations)¸ï¼ü 
fG-¼ÛP-GÛ-hGÝ-±ÛGÅ-±ôºÛ-h‚ÛzÅ-¾-zdïm-mÅ-ºfïm-ÁÝGÅ-ˆÛ-VôÅ-
ZÛh-mÛ-MP-±h-È-TP-Vïm-qô-»ôh-qºÛ-hPôÅ-qô-hG-¾ºP-ÁÝGÅ-Aïm-
»ôh-q-DÞPÅ-Bï¾-¼-vôh-‚Åü  
Iâz-hôm-ZÝP-ÁÅ-ŸÛG-GÛ-mÛ-‡ôm-HÛ-ºfïm-ÁÝGÅ-ˆÛ-Iâz-hôm-¾-Ç‰ô¤-
qºÛ-±m-¼ÛG-¾-ÁÝGÅ-Aïm-fïzÅ-»ôhü mÛ-‡ôm-HÛ-‚Å-XïÅ-hï-mÛ-±m-
¼ÛG-¾ô-MãÅ-mP-Gô-ºwP-GÛ-GmÅ-ÇePÅ-ŸÛG-¾-z¯Û-ºWôG-‚ïh-ˆÛ-
»ôhü DôP-GÛ-ŸÛz-dôGÅ-hP-Mã-¤±m-HÛ-XïÅ-ÅÞ-z¸ÞP-Çeï-ºyâ¾-V-
Ço-±ôGÅ-zïh-uôh-‚Å-bï-¯ÛÅ-ˆÛ-VôÅ-ZÛh-hÝ-¤-ŸÛG-Gbm-ºzïzÅ-
‚Å-zŸÛm-xÛ-hPôÅ-qôºÛ-ºWÛG-dïm-HÛ-GmÅ-¾ÞGÅ-ºIï¾-zÁh-‚Å-
q-»Ûmü ¹-z-hPü G¸ºü Ç+¼-¤-n¤Å-»ôPÅ-µμôGÅ-GÁ¤-
GÅ¾-¯ÛÅ-ˆÛ-uÛ-ºIôÅ-ÇezÅ-zhï-ºhÛºÛ-mP-zÇkÝÅ-q-»Ûmü  
 

F = G  x m1 x m2 
d2 

 


