Gravitation
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Every object in the universe attracts every
other object with a force which is called the
force of gravitation. Gravitation is one of the
four classes of interactions found in nature.
These are (i) the gravitational force (ii) the
electromagnetic force (iii) the strong nuclear
force (also called the hadronic force). (iv) the
weak nuclear forces. Although, of negligible
importance in the interactions of elementary
particles, gravity is of primary importance in
the interactions of objects. It is gravity that
holds the universe together.
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Newton’s Law of Gravitation: Gravitational
force is a attractive force between two
masses my and m, separated by a distance
r. The gravitational force acting between two
point objects is proportional to the product
of their masses and inversely proportional
to the square of the distance between them
Gravitational force
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where G is a universal gravitational constant.
The value of G is 6.67 X 10"" Nm? kg2 and
is the same throughout the universe. The
value of G is independent of the nature and
size of the bodies well as the nature of the
medium between them. Dimensional formula
of G is [M'L® T2.
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Weight:

The weight of an object is the force with
which it is attracted towards the center of the
Earth (or any other celestial body).

Weight (W) = mass (m) x acceleration due to

gravity (g).
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Acceleration Due to Gravity (g):

Near the Earth's surface, the value of g is

approximately 9.8 m/s? . It varies slightly with

altitude and location.
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Gravitational Potential Energy:

The gravitational potential energy (U) of an
object is the energy it possesses due to its
position in a gravitational field.

U = -G(mimy)/r
Tecdr Fufasr e

mdtd@rdlbmm Rufasr a1 (U) ag Far
ga’rmﬁ?ﬁw@rﬁaﬁ%wﬁ
|

U = -G(mqymy)/r
Escape Velocity:

Escape velocity is the minimum velocity
required for an object to escape the
gravitational field of a planet or celestial body.

It depends on the mass and radius of the
celestial body: Ve =V(2GM/R), where M is the
mass of the body, and R is its radius.
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Kepler's Laws of Planetary Motion:

Kepler's three laws describe the motion
of planets in elliptical orbits around the Sun.
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Satellites:

Artificial satellites are placed
around Earth using rockets.

Geostationary satellites orbit at the same
rate as Earth's rotation and are used for
communication.
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Gravitational Potential:

Gravitational potential (V) is the potential
energy per unit mass at a point in a
gravitational field.

V = -GM/r, where M is the mass of the
celestial body and r is the distance from its
center.
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Orbital Velocity:

Orbital velocity is the minimum velocity
required for an object to stay in a stable orbit
around a celestial body.

It depends on the mass and radius of the
celestial body: Vo=V(GM/R).
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in orbit

IR Far &:Vo=V(GM/R).
Weightlessness:

Astronauts in space experience apparent
weightlessness because they are in freefall
around Earth, just like their spacecraft.
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Gravitational Potential Energy in a Uniform
Field: Near the Earth's surface, the gravitational
potential energy of an object of mass m is
U=mgh, where h is the height above the
ground.
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Principle of Superposition of Forces: The
net gravitational force on an object is the
vector sum of the individual forces acting on
it from all other obijects.
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MULTIPLE CHOICE QUESTIONS:
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1. Newton's universal law of gravitation applies to

(a) small bodies only

(b) planets only

(c) both small and big bodies
(d) only valid for solar system
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For a particle inside a uniform spherical
shell, the gravitational force on the particle
is

(a) infinite
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The value of G varies with
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(a) height above the earth's surface 8. The term "escape velocity" is the minimum
(b) depth below the ground velocity required for an object to:
(c) radius of the planet (a) Fall back to Earth's surface
(d) None of these (b) Enter a stable orbit .aro.und Earth
P Sy S — %9 (c) rIi:i)(ilzz:ap(;:tntI(E)aSr’tlcr)\ascegraV|tat|onaI pull and
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(c) Keplers law (d) Kirchoff's Law (d) wTer FT AT F AET HE
FleT A1 FH §F F ARE AT 7T T FAH F g What happens to the gravitational force
quieT FTaT 87 between two objects when the mass of one
(a) geT &1 @A (b) Hs @ fAge of the objects is doubled?
(c) Fuer” & AIH  (d) frcare & fFas (a) The force is halved
Dimensional formula for gravitational intensity (b) The force is doubled
is (c) The force remains the same
(@) LT? (b) LT? (d) The force becomes four times greater.
(c) LT (d) LT & aEgst & T TFeaHor I FT FAT gem ¥
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Force of gravitational attraction is least (b) >
(c) ST A TET &
(a) at the equator 4 o s
(b) at the poles (d) ser 9 =T HTAF g S
(c) at a point in between equator and any 10. The ra.tio of the inertial mass to gravitational
pole mass is equal to
(d) None of these (a) 2'5 (Z) 1 o o
c no fixed number
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d) 3332’{ T FIs AdT 11. The gravitational force between two objects
. . . . is F. If masses of both the objects are
The satellite having the same time period of halved without altering the distance between
Ee;’OISu:":_" as tha: ﬁft the earth is called them, the gravitational force would become
a ationary satellite (a) F/4 (b) F/2
(b) Geostationary satellite ) F d) 2F
(c) Grawtatlon.al satellite et TEaat & & for & F 1 af et
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12. Two spheres of masses m and M are
situated in air and the gravitational force
between them is F. The space around the
masses is now filled with a liquid of specific
gravity 3. The gravitational force will now be
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13. Who among the following gave first the
experimental value of G
(a) Cavendish (b) Copernicus
(c) Brok Taylor (d) None of these
frfaf@a # @ fFaa Tga G &1 TANTCAS
A feam?
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(c) Sk TR SAH W PIS gl

14. What is the ratio of gravitational force of
attraction between two bodies kept in air-
and the same distance apart in water?

(a) 1:2 (b) 1:1

(c) 2:1 (d) None of above
g1 A W& 10 Y RS F ol srRdor F avcaryor
s 3R T F T gt F o FaT ¥2

(@) 1:2 (b) 11

(c) 2:1 (d) BRI H T FS G0

15. What is the Sl unit of gravitational constant

(G) ?

(@) N/kg (b) m/s?

() Nm?kg? (d)y Jkg
TcarReoT s (G) @ S| 3 FAT 82
(a) N/kg (b) m/s?

(c) Nm?#kg? (d) J/kg

16. Where will it be profitable to purchase one

kilogram of sugar?

(a) At poles (b) At equator

(c) At 45° latitude (d) At 40° latitude

& e At @iEAT FgT § AHGIS 1?

(@) &&t W (b) 8FTET Y@ W

(c) 45° 37&Ter WX (d) 40° 3787 W
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18.

19.

20.

21.

What is the relation between height ‘h’ and
depth ‘d’ for the same change in ‘g’:

(@) d =h/2 (b) d=h

(c) d = 2h (d) None of these.
'g' # g aRadsr & T = h' AR s
'd' & T 9T " §?

(@) d = h/2 (b) d=nh

(c) d=2h (d) sﬂﬁﬁaﬂé’ﬂﬁl
At sea level, a body will have minimum
weight at

(a) pole (b) equator

(c) 42° south latitude (d) 37° north latitude
THE dd W, U6 WK F AdH gl FT

(@) g (b) sFET Y@r

(c) 42° gfgror 3rg7er  (d) 37° 3cadl 3&Ter

In some region, the gravitational field is zero.

The gravitational potential in this region.

(@) must be variable (b) must be constant

(c) cannot be zero (d) must be zero
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Gravitational potential at a distance r from a

body of mass M is

(a) GM/r (b) GM/r?

(c) -GM/r (d) -GM/r?

FegHd M & v Rz & r Y qft W Icarmdor

&THAT F4T §?

(@) GM/r (b) GM/r2

(c) -GM/r (d) -GM/r?

Earth is flattened at poles, bulged at the

equator. This is due to

(a) the angular velocity of spinning about its
axis is less at equator

(b) the angular velocity of spinning about its
axis is more at equator

(c) the centrifugal force is more at the equator
than at the poles

(d) earth revolves around the sun in an
elliptical orbit
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25.
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In planetary motion

(a) the angular speed remains constant

(b) the total angular momentum remains
constant

(c) the linear speed remains constant

(d) neither the angular momentum nor
angular speed remains constant

Tgt & afa #
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(d) = ar @i FaersiR & & Foi afa
R e &

Kepler's second law regarding constancy of

areal velocity of a planet is a consequence
of the law of conservation of

(a) energy (b) angular momentum
(c) linear momentum (d) None of these
Rt I8 & IaEafdE dor Y R & ey A
Foer F @0 fgw fred wamor & fagw &
qRome 72

(@) Far (b) @IofT F@aaT

(c) Y& Faar (d) 3T & IS AL

In planetary motion, the angular momentum
conservation leads to the law of

(a) orbits

(b) areas

(c) periods

(d) conservation of kinetic energy

el Y afa A, ;g Faar wewr R F Qe
# AT Srar §2

(a) =p&IIT

(b) &

(c) 3afer

(d) 1fasT T Fr TXEToT

Gravitational force between two objects is
(a) Attractive at large distances only

(b) Attractive at small distances only.

(c) Attractive at all distances

(d) Repulsive at small distances

ar aEgAt F AT THcarEr g9 FAT 82
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26.

27.

28.

29.

30.

(b) HaeT BIE gl W Y|
(c) @l g W 3ThsH

(d) B gl W yfdehe
Who formulated the
gravitation?

(a) Albert Einstein

(c) Isaac Newton

law of universal

(b) Galileo Galilei
(d) Johannes Kepler

AEHAE Rcamier w1 A fFEe AR
(a) vreat TR (b) e Ao
(c) 3Mssich wggst (d) SiEH HUeR

Gravitational force is a force.

(a) Contact (b) Long-range

(c) Electromagnetic  (d) None of the above
TMGcaT YT 9 TH ____ q ¢

(a) @uH

(b) &=l Z;:fr $r

(c) faegd greehrar

(d) 3WFd & T S 40

What is the value of the acceleration

due to gravity (g) on the surface of Earth
(approximately)?

(a) 6.67 x 10" m/s? (b) 3 x 108 m/s

(c) 9.8 m/s? (d) 1.6 x 10719 m/s?
gedl Y §A§ W ITcarh¥or (g) F FROT caor
HT AT (TITHI) FAT 87

(@) 6.67 x 10" m/s? (b) 3 x 10® m/s

(c) 9.8 m/s? (d) 1.6 x 10" m/s?

The escape velocity for a body projected
vertically upwards from the surface of earth
is 11.2 kms'. If the body is projected at
an angle 45° with the vertical, the escape
velocity will be

(@ 11.2~2 kms (b) 11.2v2 kms™

(c) 11.2 kms™ (d) 5.6 kms

gudl 1 §dE @ ST T @ FW A AN
yaiRa v Rz #T gamer 37 11.2 kms g1 Iy
T $T FEaATeR F WIT 45° FHoT | 94T frar
ST §, af e A9 FAT EEN?

(@) 11.2~2 kms (b) 11.2v2 kms

(c) 11.2 kms (d) 5.6 kms™'
Average density of the earth

(a) is a complex function of g

(b) does not depend on g

(c) is inversely proportional to g

(d) is directly proportional to g

gedt &1 e ueed
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31.

32.

33.

34.

35.
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(@) g FT UH FFCoFd HIERI gl

(b) g R PR & &

(c) g & FeshARTI &

(d) @ g F FAEUET §

If the distance between two objects is

doubled, how does the gravitational force

between them change?

(a) It becomes half

(b) It becomes one fourth

(c) It remains the same

(d) It becomes twice .

uﬁa’ra@ﬁ:aﬁaaﬁr@amam%, ar

3% 1T IEcaHYT I HA qGedT 87

(a) TE 3TeT B ST &

(b) TE T AU g T ¥

(c) IE TE @l &

(d) FE & T & S g

If vo and ve represent the orbital velocity and

escape velocity of a satellite corresponding

to a circular orbit of radius R, then

(@) ve and vo are not related

(b) Vo= Ve/\/z

(c) ve = vo

(d) Ve = \/2 Vo

qﬁVQWVeﬁWRﬁmma;

HIET UH 399§ & H&T 397 AR gaFaT Ao Fr
a &I §, ar

a) ve and vo are not related

b) Vo= Ve/\/z

C) Ve = Vo

(d) Ve = \/2 Vo

The escape speed of a body depends upon

mass as

(@) m° (b) m
() m? (d) me
TF € FT TR 39T gedATal W e Fach @
(@) m° (b) m
() m? (d) me
What is the escape velocity of Earth

(approximately)?
(@) 10 m/s (b) 100 m/s

(c) 1000 m/s (d) 11.2 km/s
el FT TATIST AT (SITSHIA) FAT 872

(@) 10 m/s (b) 100 m/s
(c) 1000 m/s (d) 11.2 km/s

Kepler's first law of planetary motion states
that planets move in:

(
(
(

36.

37.

38.

39.

(a) Circular orbits (b) Elliptical orbits
(c) Parabolic orbits  (d) Hyperbolic orbits

FYAT & TeT T T FT 9T AIH Jaar & &
7% fFg fgam & 9oa &

(a) R FHefd (b) &g smee
(c) Racfde H&MT  (d) FISUEIToleh HETT
In an elliptical orbit, where is the sun

located?
(a) At the center of the ellipse

(b) At one of the foci
(c) On the major axis
(d) At the apogee

el wen #, 9 we Reww ¥2

(a) &¥gcad & Fg H (b)) BT H F ThH W
(c) wH@ 3187 W (d) TIRT @

The weight of an object on the Moon is
approximately of its weight on

Earth.
(@) One-sixth (b) One-third
(c) One-half (d) The same as

TeAT Wl avq #1 a9 gl W 360& qoi

HT FAINIT Rl

(a) oot fewar (b) we faeT$

(c) Tsh-3meEm (d) agr

What is the Sl unit of gravitational potential
energy?

(a) Joule (J) (b) Newton (N)
(c) Pascal (Pa) (d) Meter (m)
Ty ufasr sa #r SI 3= F4T 82
(@) St (J) (b) =g (N)
(c) GrEhel (Pa) (d) #eX (m)

Which of the following best describes the

gravitational force between two objects

with masses "m," and "m," separated by a

distance "r"?

(a) Directly proportional to "r" and inversely
proportional to the square of "m4"

(b) Inversely proportional to "r" and directly
proportional to the square of "m4"

(c) Inversely proportional to the square
of "r" and directly proportional to the
product of "m4" and "m,"

(d) Inversely proportional to the cube of "r"
and directly proportional to "m4"

ffaf@a & @ Fla @ @ aept & &=
TFATHYOT I FT HIH HToT AT §
forasT gegane "my" 3R "my" ¥ S gl v d
3rerer 87
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40. The gravitational force acting on an object
is also known as its:
(@) Mass (b) Weight
(c) Volume (d) Density
el aFg W T I YEcATHIOT A F FHS
¥ # off S e &
(a) gegATT (b) TS
(c) 3ITAA (d) golca
41. Who proposed the three laws of planetary
motion?
(a) Isaac Newton (b) Galileo Galilei
(c) Johannes Kepler (d) Albert Einstein
el Y Afd & AT ARt F1 yeae Faa Far?
(a) 3Mste =gl (b) Steiferar stforel
(c) SEd HIeR (d) 3Teac IMEBEA
42. What is the value of "g" at a point in space
far away from any massive objects?
(@) Zero (b) 1 m/s?
(c) 9.8 m/s? (d) 6.67 x 10""m/s?
et sft faemer awqat & ¥ saRer & & g
9T "g" FT AT FAT 87
(@) [wWI (b) 1 m/s?
(c) 9.8 m/s? (d) 6.67 x 10" m/s?
43. Which of the following is an example of a
natural satellite?
(@) The International Space Station (ISS)
(b) The Hubble Space Telescope
(c) The Moon
(d) A communication satellite
famafaf@a & @ sla w1 & yFfaF sgaE =
TF 3G §?
(a) IR 3afker T (ISS)
(b) B TIH CollEhly
(c) wgaAT
(d) T& HOR 3998
44. In an elliptical planetary orbit, the point
farthest from the sun is called the:
(a) Perihelion (b) Apogee
(c) Aphelion (d) Equator
FefT-11 (i

uw ST IE Fan A, g7 @ w9 @ F g
F FaT o ¥

(a) IRgToTe (b) Apogee
(c) UhfergeT (d) sgET Y@r

45. Value of g is

46.

47.

48.

(a)
(b)
(c)
(d)
g FT AT F4AT &7

(a) ¢al W e

(b) oFET Y@N WX HTUSHAH|

(c) & SlTg |ATA

(d) gt & g & 3R

For a satellite moving in an orbit around the

earth, the ratio of kinetic energy to potential
energy is

Maximum at poles

maximum at equator

same everywhere

maximum at the centre of earth

1
@ 3 ® 5
© 2 @ 2
gedl & IRT A TFH FeT A A a1 3998 F
%ﬁv,ﬂﬁamaﬁtﬁuﬁammmm
1 1
@ 3 ® 5
© 2 @ 2

Gravitational potential energy is zero at
(@) The surface of the Earth

(b) The center of the Earth
(c) An infinite distance from the Earth
(d) The Moon's surface

(a) g2l T Fcg

(b) tg%“f HT g

(c) 9zl & T I g

(d) TgAT FHr FAB

What is the force of gravity experienced by
an object of mass 10 kg on the surface of
Earth (approximately)?

(@) 10 N (b) 100 N

(c) 98 N (d 9.8 N

gedlt 1 A W 10 Pl gouAE arell T g

;T:lm 3eTsra FoRT AT IO Tl (TITSHT) 4T
?

(@ 10 N (b) 100 N

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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49.

50.

51.

52.

53.

FHefT-11 (HIhn

(c) 98 N (d) 9.8 N

Which of the following factors affects the
gravitational force between two objects?

(a) The density of the objects

The speed of the objects

The angle between the objects

The masses and the distance between
the objects

farafaf@a & & #la a1 wrF o avqgat F <«
TFATHYUT q FY TS AT §7

( ) TEIST HT Eeled

(b) aEG3HT I e

(c) aEG3M & s &I I

(d) e 3R awgst & & gd

Which of the following quantities is a vector
quantity?

(a) Gravitational potential energy

(b) Mass

(c) Gravitational force

(d) Gravitational constant

fArafaf@a # ¥ sl @ afr deex 2

(a) IRcATHYOT &THAT Foll

(b) GeTHATT

(C) Ir&caTehyOT def

(d) Iecarehyor BT

Kepler's third law is also known as

(a) Law of orbits (b) Law of areas

(c) Law of periods (d) None of these
;?Wﬂ' & X s+ Fa e @ it S S
(a) et FT fATH (b) &ar &1 g

(c) 3Madehd & AIA (d) ZAH & HIS T80
The value of acceleration due to gravity on
moving from equator to poles will

(a) decrease (b) increase

(c) remain same (d) become half

LY Y@ F gl A IR TgA W Icarhyor F
FROT 3T FT AT FIT g2

(a) & (b) Th&

c) der I} (d) 3mer g ST
When does the object in a satellite escapes
to infinity?

(a) When the total energy is positive

(b) When total energy is zero

(c) Both (a) & (b)

(d) None of these

3% # IF] F9 Ieid d&F q9 AT §7

(b)
()
(d)

54,

55.

56.

57.

58.

(a) SI¥ Fel Foll HRICHS Il &

(b) ST& For Foll YT &

(c) @ (a) 3R (b)

d) s & g e

In which of the following cases, a person
feels weightless?

(a) A person standing on the moon

(b) A person sitting in an artificial satellite
of earth

(c) Both (a) & (b)

(d) None of these

fArafaf@d & ¥ 5y 7 A, e FFT RO
HEGH HIAT 82

(a) <GHAT W @I afed

(b) g & HAA 3°YIE H ST hiebcd

(c) a’m’r (a) 3R (b?

d) 3AH & FIg QT

Persons sitting in artificial satellite of the
earth have

(a) zero mass

(b) zero weight

(c) certain definite weight

(d) infinite weight

gt & FRF 3uaE A R FFaAt F 9w
(@) LI geTATA (b) L= TSI
(c) ¥o ARad oo (d) 3Ed ol
Escape speed on the moon is

escape speed on the earth.

(a) five times smaller (b) five times greater

(c) six times greater (d) six times smaller
TGAT W g 1 afa qedt W ame # afa
& gorem H gl

(a) “ar AT T ol (b) dre AT ST

(c) ©g = e (d) ©F I BT

The orbit traced by planet around a star is
in general

(a) a circle (b) an ellipse
(c) a parabola (d) a straight line

TH dR & IR AR A§ @RT TdT IS IT§ FaTT
AT T F F41 82

than

(a) TH Jed (b) TH ErEged
(c) Tew Wrarer (d) T el Y@r

The escape velocity of an object projected
from the surface of a given planet is
independent of

(a) radius of the planet

(b) the direction of projection

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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(c) the mass of the planet

(d) 3T & HIS T |

(d) None of these 63. The dimensions of the gravitational constant
fret Re av a5 A was ¥ vale B g is
HT qAIA A7 Fad TaaT 82 (@) [MLT?] (b) [ML®T?]
(a) TIg Fr Bsar (c) [ML3T? (d) [ML2TY
(b) wardoT T ferRm Fr & TeeaHyur adiE A §
(c) UG T GIHATT (a) [ML®T? (b) [ML®T?]
(d) o1& & 1S 7gT ©) [ML3T?] (d) [ML3T?]
59. The period of a satellite in a circular orbit 64. The expression of gravitational acceleration
near a planet is independent of is:
(a) the mass of the planet (@) g = GMR? (b) g = GR¥M
(b) the radius of the planet (c) g = GR/M? (d) g = GM/R?
c) the mass of the satellite 5 . .
Ed; All of the above >¢ ¢ e A
N 5 - (a) g = GMR? (b) g = GR¥M
el 7% & fe JearwR Fal # 39 Hr A c) g = GR/M? d) g = GM/R?
frad FTaaT A §2 ) 9 @ 9
(@) IE H geTAA 65. The escape velocity of an object on earth is
b) 78 f B on a planst with mass 1000 imes that o
(c) i 3?? 8 earth and radius 10 times that of earth is
(d) 354 & (@) 1.12 km/s (b) 11.2 km/s
60. Time period of a simple pendulum inside a (c) 1120 km/s (d) 112 km/s
satellite orbiting earth is
(a) Zero y (b) o Y oY Rt avg &1 garre a9 11.2 /o
|q§_‘\:nﬁ1ooowa—q-amaﬁt1o=wnﬁ11
() T (d) 2T are TE W G HT G T g
et i aRHAT FA g 3T F AW TR (@) 1.12 fre/a (b) 11.2 fRefv/&
WIYROT Y5aH $T THT I 747 82 () 1120 fFarar d) 112 Rl
(a) = (b) e 66. The relation between the radius R of the
(© T (d) 2T orbit and the time period T is
61. If the distance of earth is halved from the (@) R2T3 = constant (b) R/T® = constant
sun, then the no. of days in a year will be (c) T2R® = constant (d) R®¥T2 = constant
(a) 365 (b) 1825
e A B R 3R @@y 3™ T & fiw +
(c) 730 (d) 129 g
uﬁ' A A gt F @ el F & ST B, ar (@) RT3 = constant (b) R/T?® = constant
A ﬁ?l’f # T Fa G (c) T¥R3 = constant (d) R¥T2 = constant
(a) 2 (b) 1825 67. A satellite has kinetic energy K, potential
(c) 730 (d) 129 energy V and total energy E. Which of the
62. The force of attraction between two bodies following statements is true?
is given by F=Gmmy/d?, where G (a) K=-V/2 (b) K=V/2
(a) is Gravitational acceleration (c) E =K/2 (d E =-K/2
(b) is a function of the density of bodies TF 39 & A I K, Rufae Far V sk
(c) is Gravitational constant Tl Faf E 2 =fRf@T # ¥ s a1 Fua
(d) None of these. ' 87
ar Rt & da s aw, F=Gmqm,/d? ga (&) K =-Vi2 (b) K= VP2
(a) W T & 68. Two bodies of masses m and 4m are placed
(b) TUST & Teica FT Helel ¢ at a distance r. The gravitational potential at
(c) IRcaTHSUT fovarais & a po_int. on th.e Iin.e joining them where the
2 gravitational field is zero
FefT-11 (oftfadhn —— FMEIRA. - wea IF-HE-3W TFAF e Rawor ¥ (2024)
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(a) Zero (b) - 4Gm/r
(c) - 6Gm/r (d) - 9Gm/r
m I 4 mgegAT g A AT Fr AP W
T@T a7 Bl YW1 W U fig 9 ISearmdor et
STET TEeATHYUr AT e §, AT 87
(a) Zero (b) - 4Gm/r
(c) - 6Gm/r (d)y - 9Gm/r

69. Two balls each of radius R, equal mass and
density are placed in contact, then the force
of gravitation between them is
(@) F <R (b) F oc 1/R?
(c) F oc 1/R (d) F o< R*
=41 R, GHA gegA 3R gdcq Y & Ak
WIS A T@T AT ¢, aF 3% S Tecarwyor a
T 87
(@ F <R (b) F o< 1/R2
(¢) F o< 1/R (d) F o< R*

70. If M is the mass of the earth and R is

its radius, the ratio of the gravitational
acceleration and the gravitational constant is

(a) M/R? (b) RM

() MR? d) MR

Ife M gt #7 gegame ¢ 3 R sad B g,
ar W&ur aaor 3R e R @
31?rtn?r F1 72

(a) M/R? (b)
(c) MR? (d)

R2/M
M/R

ANSWER OF MCQ QUESTIONS
I} Wﬁ

2b. 3.d.

10.b.
17.c.
24.b.
31.b.
38.a.
45.a.
52.b.
59.c.
66.c.

4.c.

11.a.
18.b.
25.c.
32.d.
39.c.
46.a.
53.c.
60.b.
67.a.

5.b.

12.b.
19.b.
26.c.
33.a.
40.b.
47.c.
54.b.
61.d.
68.d.

6.a.

13.a.
20.c.
27.b.
34.d.
41.c.
48.c.
55.b.
62.c.
69.d.

7.b.

14.b.
21.c.
28.c.
35.b.
42.a.
49 .d.
56.a.
63.c.
70.a.

1.c.

9.b.

16.a.
23.b.
30.d.
37.a.
44.c.
51.c.
58.b.
65.d.

8.c.

15.c.
22.b.
29.c.
36.b.
43.c.
50.c.
57.b.
64.d.

VERY SHORT ANSWER TYPE QUESTIONS:

T oY ScalT v

1. What is gravity?
Tecd FAT 82

Ans: Gravity is the force of attraction between ob-

HefT-11 (N

2.

Ans:

Ans:

Ans:

Ans:

Ans:

Ans:

jects with mass.
mﬁr%a—zmm F WY T F T ImHdor F
del gl

Who formulated
gravitation

AN Toca F1 g fFaa qamm an?
Sir Isaac Newton formulated the law of uni-
versal gravitation.

W HSoh =gl o FEAHHA Toea H1 aH
g AT

the law of universal

What does the law of universal gravitation
state?

AT TFcT FAT FEaT 87

It states that every mass attracts every other
mass with a force proportional to the product
of their masses and inversely proportional to
the square of the distance between them.

qE Tl § b Tcdeh gegAT g¥ gl gedHle
a#ﬁa‘amé:mm%mmr—ﬁaa%
Y IR AT & IR IoTh S T &l & ot
& SGeshATIITC BT &

What is the value of the gravitational
constant 'G'?

TecdrT Ui ‘G #T AT 4T 872

The value of 'G' is approximately
6.67430%107""Nm?/kg?

'G" &l HATel oI

6.67430%10""Nm?/kg?

What is escape velocity?

Tl A7 F4T &2

Escape velocity is the minimum velocity need-
ed for an object to break free from a celestial
body's gravitational pull.

Tl 391 Ueh Walely U3 & abcarehyor fEama
#W@ﬁ%ﬁuﬁaﬁm%iﬁvm&w
W 3T gl

What is weightlessness?

HREAAT FAT 87

Weightlessness is the sensation of zero grav-
ity experienced by astronauts in space.

HREIAT 3TaReT A 37AReT AT earT 3Hegsra
@raﬁaﬁr&r&w&w@rmﬂﬁ%l

What is the gravitational acceleration on
Earth's surface?

gedt Y WAE W Ioedld T@oT F4T 87

The gravitational acceleration on Earth's

FMEIRA. — 7o IF-Hg-3 [as fged Favor ¥F (2024)
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Ans:

Ans:

10.

Ans:

surface is approximately 9.81m/s?
g2l I Folg W Iocdd a0l I 9.81 m/s?

How does the mass of an object affect its
gravitational force?

el 97 FT GAAT 3WF I[FcAHYT A F
X genfaa FaT §7

The greater the mass of an object, the stron-
ger its gravitational force.

forely a&q &1 geAreT fSidar 3 gidr &, 3ar
m&waﬂmé’rmﬁm%l

What is Kepler's first
motion?
FoaX HT TEI Hr afa F1 Iger FAIT FAT &7

Kepler's first law states that planets move in
elliptical orbits with the Sun at one of the foci.

FIR F Tgel A ad1r ¢ & 7§ Qg
FHET3T H T & W TF g A Told gl
What causes tides on Earth?

gl T SaR T FAT FROT 872

Tides on Earth are primarily caused by the
gravitational pull of the Moon and the Sun.

gedl W OR AT ® @ UgHT IR g &
WWF@W#WUT@?%I

law of planetary

SHORT ANSWER TYPE QUESTIONS:

oY 3calld TR

Ans:

FHefT-11 (HIhn

Write an expression for the escape velocity
of a body from the surface of the earth. Also
give the factors on which it depends.

gt 1 gae @ Rl Rz & gama o Ay
FfeafFa Rf@T 30 FRE F &t a0 BT w
g el &ar B

The minimum speed with which a body must
be projected in order that it will escape from
the earth's gravitational field is called as es-
cape velocity. the escape velocity can be
easily formulated which is:

_/2GM
Ve R

Putting the value of g = GM/R?, the value of
escape velocity becomes:

Ve = 4/ 2gR

From these two equations, it can be said that
the escape velocity depends on the planet’s
radius and the planet's mass only and not on
the body’s mass.

g8 goAaH a1t foas |y e s & gaiitd

(142}

Ans:

Ans:

fFar ST § aifh a8 gt & Jeearnyor
&T ¥ S} Aper Yo 9T FEelrar ¥
qelrded A9 v, = TM,g GM/R2 &T HTeT
@S ORI 39T &1 ST §ve = 4/ 2gR ST @
HIAION &, Ig HeT ST Hhdl & b Tl a7
Fad Ig H BT IR T F AT W FR
T & 3R g8 Nz F gogae W [ a8
T Bl

Define gravitational potential? Give its S.I.
unit.

ety fasra # aRemia FI? 3TN S.I. IHE
&l

Gravitational potential at any point in gravi-
tational field is equal to the work done per
unit mass in bringing a very light body from
infinity to that point. It is denoted by Vg.
Gravitational potential Vg = W / m = - GM /
r. Its Sl unit is J/kg and it is a scalar quantity

TecdrT & H foRdr o g W Iy fasra
m@mﬁgaa:wa%?ré’rﬁﬁngaﬁ
e # uf s geuee F U AT # &
R gl 38 Vg eant fasfa frar amar §1

TecdIT fasta Vg = W/ m = - GM / r, 38"
SI gt Jkg ¥ 3R TE U MY TR |

Derive an expression for acceleration due
to gravity at a depth 'd' below the earth's
surface.

gelt 1 g & A9 'd' A TR W Eearmyor
& FRUT o & v ve sffafFa grea #1)
Let M be mass of the earth, R be the radius
of the earth

gq be gravitational acceleration at depth 'd'
from the earth surface

g be gravitational acceleration on the earth
surfaces.

p be the density of the earth.

'B' be the point inside the earth at depth 'd'
from earth surfaces.

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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.. OA-OB =d, .. OB = R-d ----(1) (since
OA = R)

g = GM/R?

.. g = G(4/37R3)p/R?

.. g = 4GnRp/3 - (2)

gq = acceleration due to gravity at depth 'd'
gq =GxMass of the sphere with radius OB/ OB?
.. gq =G(4/3n OB3)p /0OB2

" gq =4Gn OB p/3 ----------- (3)

Dividing eqg. (3) by eq(2)
gg/9=0B/R=R-d/R

S 0q = 9 (1- d/IR)

AT AT fob M g2 7 gegA g, R g2l &r
Bear &

gy J¥ A AAE F 'd' TGS W eI R0 |
g gl & FAgl W Iocdd a’0T |

p 9 &I Telcd &

'B' traa’r%a?r gl ¥ WS 'd' W gl F 3
T |

A x

Ans:

.. OA-OB =d, .. OB =

(dIfe OA = R)
g = GM / R?
. g = G(4/31R3)p/R2
. g =4GnRp/3 ---eeeeeeemev (2)

gq = MBS W IcAlhYUT & HROT calor 'd'
gq =GxOB T¥S3r arel dMlel &1 gegATT / OB2
" gq =G(4/370B%)p / OB?

5. gq =4Gn OB p / 3 -----mmmmmn (3)

THIEOT (3) T FHIRIOT (2) & faenfSra el
g¢/9g=0B/R=R-d/R

S.g¢ =9 (1-d/R)

Derive an expression for acceleration due
to gravity at a height 'h' above the earth's
surface.

gedl 1 gaE ¥ 'h' FAE W Tocarshyor F HROT
Ror & fav e sffcafFa grea w1
Variation of g with height

Qa? 9
h
P+9

Consider a test mass (m) at a height (h)
from the surface of the earth. Now, the force
acting on the test mass due to gravity is

F = GMm/(R+h)? ....... (1)

Where M is the mass of the earth, and R is
the radius of the earth. The acceleration due
to gravity at a certain height is ‘h’, then

mgn = GMm/(R+h)?
2 g,= GM/[R¥(1+ h/R)] . . . . .. (2)

The acceleration due to gravity on the surface
of the earth is given by

......... (3)
On dividing equations (3) and (2), we get

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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g, = g(1+h/R)y2 . . . .. 4)

This is the acceleration due to gravity at
a height above the surface of the earth.
Observing the above formula, we can say that
the value of g decreases with an increase in
the height of an object, and the value of g
becomes zero at an infinite distance from the
earth.

From equation (4)

when h << R, the value of g at height ‘h’ is
given by gy = g(1 - 2h/R)

FaT$ & Ay g @ Heodar

Q9 9,
h
P+9

gedl & g ¥ 315 (h) W Ueh TETIT geg ATl
(M) W @R &Y 39, TFcaH¥or & HROT
qETOT GegHATT 9 qrel sof

F = GMm/(R+h)? ... (1)

agTqua’rara—amH% WR%ﬁ’rﬁﬁ—m

%‘l TH FE W % HROT
T 'h' g, ?—fr

mg,, = GMm/(R+h)?

= g = GM/RY(1+ h/R)q . . . . .. )

gedl T HAE TR Jocdleh§UT & HRUT caXoT

g=GM/R? . ........ (3)

TR (3) 3R (2) F ST =T W), &

gred gir &

g, = g(1+h/R)2 . . . . | (4)
agtrzé’rﬁrwﬁwaﬁrﬁnéwww
ﬁwwglmmeﬁr &
ﬁﬂﬁ%%ﬁ@mﬁﬁﬁ#ﬁ%w
g FT AT g g, ﬁTgmet[% q 3ed
& W eI & S Bl

FHHIOT (4) I

Ans:

SI9 h << R gIam &, @ 31§ 'h' W g &M A g,
= g(1 - 2h/R) garT f&ar Srar &

Explain Kepler's laws of planetary motion.

FooX F T A a1fad F AT F TS AfFTI

Kepler's laws of planetary motion can be stat-
ed as follows:

Kepler's First Law - The Law of Orbits

According to Kepler's first law, “All the plan-
ets revolve around the sun in elliptical orbits
having the sun at one of the foci”.

Keplers Second Law - The Law of Equal
Areas

Kepler's second law states, “The radius vec-
tor drawn from the sun to the planet sweeps
out equal areas in equal intervals of time”.

Kepler's Third Law - The Law of Periods

According to Kepler's law of periods,”The
square of the time period of revolution of
a planet around the sun in an elliptical or-
bit is directly proportional to the cube of its
semi-major axis”.

T2 oc @3
TR & Tl AT AT & TH 37 TR T 51
qohd g
HTORX T Ygell TIIH - FHET3T &1 fad

FTR & Ugd H & AR, "Hl a7 g &
Hmmaéa?hwaﬁmaﬁ%aﬂ?r% et g
us Fg W gar ¥
HYeR I GO o Td - FAR & a1 foge
Wgﬂgmm%"wﬁ%m
IFX TAT & THT IRl &
AT &4 & U ar g
FToR & T FIH - 3aderd & @aH
FeR & Fol gA F AR, T Adgdhy
%ﬁﬁwimmwwﬁqﬁmﬁ
mwﬁmmaﬁmyﬁiaﬂ
& FHAIITC Bl 'l

T? oc &8

LONG ANSWER TYPE QUESTIONS:

& 3cadir wea:

Define gravitational potential energy? Obtain
an expression for it for a body of mass
m lying at a distance r from the centre of

earth.

Tocdr Rufasr sa1 # aRenfRa Y7 qedt &
$& ¥ r A gt W RUT o787 m & T RS
;ﬁcwmﬁamﬁﬁmm
I

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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Ans: When a body of mass (m) is moved from

infinity to a point inside the gravitational influ-
ence of a source mass (M) without accelerat-
ing it, the amount of work done in displacing
it into the source field is stored in the form
of potential energy. This is known as gravi-
tational potential energy. It is represented by
the symbol Ug.

Derivation of Gravitational Potential Energy
Equation

Consider a source mass ‘M’ is placed at a
point along the x-axis; initially, a test mass
‘m’ is at infinity. A small amount of work done
in bringing it without acceleration through a
very small distance (dx) is given by

dw = Fdx

Here, F is an attractive force, and the dis-
placement is towards the negative x-axis di-
rection, so F and dx are in the same direc-
tion. Then,

dw = (GMm/x?)dx

Integrating on both sides

w= [ Mmig

w = _[C.P-il’rl’l]o‘:J

w = _[GMm _( -Gogfm )]
w= —G’.-Mm

Since the work done is stored as its potential
energy U, the gravitational potential energy
at a point which is at a distance ‘r' from the
source mass is given by;

Ug = -GMm/r

If a test mass moves from a point inside the
gravitational field to the other point inside the
same gravitational field of source mass, then
the change in potential energy of the test
mass is given by;
(-1
T It

AUy = GMm
If r; > r; then AU is negative.

I gTAT (m) & T U & AT gegd AT (M)
& IEcalhYUT TG & 3HeX 3eAd & T fog s
T a1y T o ST T ar 59 @ia aa
# Juig e & Fv v SR7 HT AET FHi
Rufast 397 & ¥ & dafea Far sar g | s
Tecarshyor FEAfAST Fofl & &9 & Sl S &
sﬁmugaamaefrmm%

Tecdry Tufdst Sl @#ieor &7 egcufed

{145}

Ans:

foarR &Y & & 9 gIAT ‘M & x-3&T &
aaﬁ%rwﬁgwww% IR H, TH
qHETT geTAT 'm' 3 W ¥l e el caxor
% 9gd HH Y (dx) T @ 7 e 7T F
zﬂﬁrmsqwé’r?ré%

dw = F dx

Tgl, F U 3Mhse 9o &, 3R aeumosr FHomcdAs
x-318T feem &7 3R &, s@fav F 3R dx o &
feem & &1 ds,

dw = (GMm/x?)dx
alAl R® A ATl il T

w= [, EMm gy

w= —[C‘"m]m

w= _[GMm _( -Gogfm )]
w = L"?ﬁ“.

Hieh fohar aram s el Eufdst et U & &9

T foig W aRcda [Bufas s
ST &
Ug=-GMm/r

Ife Uk TRETOT GeAATT Iecarehyur & & e
T 1%@ T AT goTH T $ TH ITcAHYT 8
%mwgaﬁm&?ﬁﬁmmﬂ
feafas # aRadsr 38 9aR far Jrar

1 1

AUg = GMm <———)

TIi It
T 1 > 1 T AUg TRIAS &

Derive expressions for the orbital velocity
and energy of a satellite.

el 3warg & Fefr Ao 3k 5o & v swTF
et

Orbital Velocity:- Orbital velocity of a satellite
is the velocity required to put the satellite
into its orbit around the earth. let us consider
a satellite of mass m revolving around the
Earth in a circular orbit of radius r at a height
h from the surface of the Earth. Suppose M
and R are the mass and radius of the Earth
respectively, then r = R + h.

SE5

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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To revolve the satellite, a centripetal force of

m’,
r
is needed which is provided by the gravitational
force

g Mm

”
between the satellite and the Earth.

Therefore, equating both the equations, we
get

2
mvoe _ _ Mm
— =G
r r

> GM GM

VO T Rt
Simplifying the above equation further, we get
GM

But

GM = gR? , where g is the acceleration due
to gravity.

Therefore,

_ ] g’
VN R+

Simplifying the above equation, we get

W:RVRih

Let g be the acceleration due to gravity in
the ( at a height h from the surface)
GM
R+ h)°

(RGJ]:/[h) =g'R+th) =gr ..(eqn 2)

(-

Simplifying further, we get

Substituting (2) in (1), we get

o=+ gr =vg(R*h
The Energy of A Circularly Orbiting Satellite

The motion of a satellite around the Earth is
considered to be circular. Now we will derive
the expression for the kinetic energy, poten-

tial energy, and the total mechanical energy
of an object orbiting in a circular path around
the Earth.

For a satellite orbiting the earth, the tangential
velocity can be given as

_ GM
V= R+h
Where M is the mass of the earth, R is the

radius of the earth, h is the height from the
surface of the earth where an object is kept.

So, the kinetic energy of the satellite (mass
m) in a circular orbit with speed v can be
written as

_ 1 2 GmM
KE—va = 2(R+h)
As per our assumption, the gravitational
potential energy at infinity is considered to
be zero, so, the potential energy at distance
(R +h) from the center of the earth can be

written as

GmM

R+ h
The kinetic energy here is positive whereas
the potential energy is negative. However,
in magnitude, the kinetic energy is half the
potential energy, so the total energy E is

PE =—

GmM _ GmM __ GmM
2(R+h) (R+*h) 2(R+h)

The total energy of a circularly orbiting satellite
is thus negative. The potential energy being
negative but twice is the magnitude of the
positive kinetic energy.

E=KE+PE =

1
|EI=1KE|= 5| PE|

Fefir - fordr 39arg 1 FefT 31 393rg &
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393rg I IRFAT T & AT TP R T gl

vaO
T TR BIell & S JocdhyoT el
Mm

aﬁmqaq?raﬁrmzﬁ%l
?ﬁmaﬁ?ﬁmmafrwaﬂﬁw,mm

mv’o _ Mm
r r2
:_GM _ GM

Vo © T T R+
SWIFT THOT FI 3R T ™ W], g I1d

v= /SN (e 1)

R+h
GM = gR? , ST@l g TecalehyuT & HROT 0T ¢ |
safe,

gR’

R+h
YT FHARIIT H T A W, §H I g

_ g
=R R
AT & (A8 ¥ h 3918 W) Tocalehyor & HROT
cRUT g' ¢

g'—(R(iAi)z mwmw gj:r.q.la.a_
(RG-i]}/Ih) =g'R+h) =gr . (THEIOT 2)

(gZ) ()ﬁmﬁamw,aﬁwm
w=ygr=yeg®+h

MATHR IRFHAT P dTel 3UAE T Fall

gl & IRT 3R 39IE & AT el AL

mélmsﬂqzaéamma—clwwﬁ

TREAT T W R aeg 1 arfast Fofl, eufaer

gﬁﬁﬁwﬁﬁ%ﬁvﬁmw
|

gAY T TREHAT el dTel 3UTTE & v, TRRET
3T 50 YRR AT S ThaT &

[ GM
"N R+h
STel M gedl &7 gegde &, R gedr 7 e g,
gmﬁ%m@m%aﬁaﬂéaﬁmwg
I

ar, 39ag & 3 aam(acuﬂlﬂm)?lﬁ'vaK
mau%wvnW$mﬁsﬁsqm%@TaT
Hehell

_L 2 _ GmM
KE—2mv _2(R+h)
gAY YROM & 3e[AR, 3edd W Iecdrd Tufasr
ﬁi‘rel—qmﬁraﬁr% ELICLY cr%“fa}?éh‘dﬁ
q&(R +h) W UM ST F 37 ISR forar
ST HhdT &

PE:—GmM
R+ h
gt aifast ol aelicA® ¢ ofafe fRufasr et
TPRIcHS §. BIdleh, IRACT H, faer Foll
Eufast St &1 3meh 8, 38T oo 3ol E &

_ __GmM _ GmM ___ GmM
E_KE“DE_Z(RHI) (R+h)  2(R+h)
Teh JedTehil qRPAT 3T HT Pl Fofl 8 TR
AFRIHAF & U Fofl APRIHAF & Afdhed

ellcHe st Fefl &l aRATOT &7 Qe Bl
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i) Show that Keplers Second law is
the law of conservation of angular
momentum.

ii) How do Kepler's laws lead to Newton’s
universal law of gravitation?
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Ans:
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) REd fF Feer &1 gau FEw Foig afy
& WIaTor &1 fAwe B
i) ¥R F AW T F_ T F
s e A1 3 N o S @2
i) Kepler's Second law: The second law
states that the areal velocity is constant i.e.
the area covered by the radius vector is the
same in equal intervals of time. If the velocity
and radius at the time t is vy and ry while
at another place these are v, and r, in the
same time, then the area covered by the
planet in these intervals are

1 1

Vi and 3 Vit
1 _ 1

Fmvin = Smvn

1
(Area of triangle = Eba.se x height)
1

1
So that, PRGN

or mv,r, = mv,r,

or L, = L,
This shows that the law leads to the

conservation of angular momentum law.

i) Kepler's laws are applicable to the motion
of planets around the Sun. Almost all planets
revolve around the Sun in nearly circular
orbits.

Let m = mass of a planet.

M = mass of Sun.

r = radius of the circular orbit of the planet,
around the Sun.

v = linear velocity of the planet in its orbit.

T = Time period of the planet. The centripetal

force required by the planet is
mVZ
F= -~
But v = circumference of the orbit / period of
revolution
_ 2mr
- T

L F=TT
p

( 27r )2 _ 4x’mr

According to Kepler's 3rd law.
T?2oc 3 or T2 = kr?

2 2
S F= 4’;{;}” - 4’];2’” ......... ()
This centripetal force is provided by the force
of attraction between the Sun and the planet.
According to Newton, the force of attraction

between the planet and the Sun is mutual.
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o< mass of Sun

or — e« M
4’
k

. From (i) and (if), we get
GMm

rZ

or = GM veue (i)

which is Newton’s law of gravitation.

) TR HT @ HAIHHH & IGRE =
T T ¥ B uE @ el der R ¥
ST AT canT Hhax fohar AT &F FHET &
AT JReT H A gl Ife IaAT t &7 3971 3R
B vy 3R ry & SefF R 30T Tae w3
3 AT H vy 3R 1y, 8, dl 3 AT H IE
EaRT Hax fohar a=T &7 &

1
Vi and 3 Vi
1 1

STmwr, = Tmvyr,

2 2
(Area of triangle = %bm * height)
I

5 Va2

2

|
So that, 5 W =
or mv,r, mv,r,

or Ly = Ly

SHY 9dT Teldl & T Ig Fiefet SO 1T Flefat
o EETOT &I 3R o ST Bl

ii) FeR & d gF F IRt AR aet & afa
W SfE] B &1 oreTer gt ag {h & uRT 3R

XY
I

STHAT AMeleh R HET3T H gAT 8
AT m = fRAY I8 &1 gcTA |
M = §& & ST

r=FF & TR 3R TG A IR Hall H
[EEI

v = 3 FET H g H WF 39|
T = g &1 9RepaA0T 3afT .
g & AT 3maTs ARSI g &

2
my

F:
.
ofehet v = a7 Hr aRTR/aRswaATT & 3af
2rtr
T
_F:ﬂ<27l'}’)2: 47 mr

r\ T 72

According to Kepler's 3rd law.

T?2oc ror T2 = kr®
_ 4’ mr _ 4’ m
o F T g (1)

I5 AP 9o gF AR a8 & = 3redor
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Sof GaRT Yelel fohar Siidr 81 #geel & 3R,
7% 3R gF & dra U g9 RER §1

4n?

—E—~ o< mass of Sun

4n?

— e« M
or P

an?
or —E— = GM )
. From (7) and (ii), we get

GMi
F = —5

r

St foh =geaT &1 ecarehyor &1 oA B

efT-11 (TN (775) FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)

(149}



