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? kg? 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).

W-

fhel a6q &1 9 g8 9 § 9@ @y a8
cgzﬁréqéﬁa(mﬁ?mﬂ@?ﬁmﬁg)@rm
HHNET BT gl

HX (W) = GegA (M) X ocarhyor & HRoT
ca’oT (g)|

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.

AT T&oT (g):
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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(mymo)/r
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U = -G(mymy)/r
Escape Velocity:

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

IRITHYUT g | It depends on the mass and radius of the
2 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.
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in orbit

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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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 objects.
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MULTIPLE CHOICE QUESTIONS:
a'gﬁwd’ltr e

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 (b) zero
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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 around Earth
N (c) Escape Earth's gravitational pull and
g)mq:;r i~ '\‘l;'mliil aﬁrE” %? s move into space
(b) < . ;h; § (d) Travel at the speed of light
(c) g & Fsar qam*-révrgamﬁm%ﬁvamw
T
(d) 31 & PIg QT (a) g2 T g W argE FRem
Which law describes the orbits of planets (b) crzeﬁ & IRI 3R Tk AT FeTT & TAT Y
around the sun? (©) qaa“r & TEcarRyor fEEE & a9 3R
(a) Newton’s law (b) Faraday’s law 3rafxer #F 9o oo
(c) Keplers law (d) Kirchoff's Law (d) wFTer FT Ay F AET FY
Fle a1 A H’ﬁ' & ARI AT TG H FaA FI 9. What happens to the gravitational force
quieT T 87 between two objects when the mass of one
(a) #geo 1 s (b) WS FT A of the objects is doubled?
(c) #ueR &1 for@dm  (d) Torears @1 fage (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 Q) gt & A TFarHEOr ae FT FAT g §
TocarFdor g & v smanh g7 4w 82 e FEQI # ¥ UF T FEAHT AT @ ST
(@) |_T2 (b) LT §?
© L (d LT+ (@) o 3TeT g ST §
b) ol Grere SITdT
Force of gravitational attraction is least (b) — e a ¥ ¢
(a) at the equator (z) ¢ o @ s
(b) at the poles (d) g °R
(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 Ea)) 2'5 Etd); 1 fved 5
c no fixed number
TECATHYVT HTHYT FT Tl TIH FH ¢
et TS FeIAT AR ITcarHNOr GedAT  FH
(a) ALY RRS
(b) et o7 I fred aweR 37
> . (a) 0.5 (b) 1
c) ALY @ AR fREr ¢a & T . :
© % d g (©) 2 ) @ PR v A
) 3AH H PIS AGT 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
revolution as that of the earth is called them, the gravitational force would become
(a) Stationary satellite (a) F/4 (b) F/2
(b) Geostationary satellite ) F (d) 2F
(c) Gravitational satellite e . .
_ arat & AT TFcarwyor a7 F g1 Ify et
(d) Geo satellite TEH F geaHT B IA% a?r N T
gedt & FAE IRFAT A FHAEY q@ ST Rt e T T s €, & 7 T F4T
) FAT FeT AT &2 m?
(a) TR 39aE (b) FAfF 39w (@) F/4 (b) F/2
(C) I*cAT 39 (d) H-39% () F (d) 2F
hET-11 ("ﬁﬁﬁ rm\




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

17.

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

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

(c) d = 2h (d) None of these.

‘g # o aRader & T S sk TS

@ 3F ®b) F 'd' F o Fa1 gag g7
F F (@) d = h/2 (b) d=h
© 3 @ 3 (c) d=2h SAH A IS G
geuAE m 3T M F & e gar # feug ¥ 3ﬁ'{' 18. At .s:ta tlevel, a body will have minimum
3% 9 IFeaHyur a9 F §1 gogae & ard welght a
3R 1 T 9 RARISE T 3 a: T F S (a) pole (b) equator
gam gl Wﬁw a T FAT ghm? (c) 42° south latitude (d) 37° north latitude
@ 3F ®) F THE dd W, U6 WR &1 AdH qolel FT
F F o
© 3 @ 3 (a) & - () EmEr
(c) 42° gfgror 3767 (d) 37° 3cadl 37&Ter
13. Who among the following gave first the 19. In some region, the gravitational field is zero.
experimental value of G The gravitational potential in this region.
(a) Cavendish (b) Copernicus (@) must be variable (b) must be constant
(c) Brok Taylor (d) None of these (c) cannot be zero  (d) must be zero
Arafaf@a & & Faa 9gd G FT RERNHAS Waﬁsﬂ'ﬁwﬁwmaw%lﬁmﬁ
AT TecaTHyur &7l
(a) hdfser (b) FIRfFFE (a) TRa&H g IRT
(c) s TeR (d) soTd & IS AGT (b) R g =@ifRw
14. What is the ratio of gravitational force of (c) =T AET B Hehall
attraction between two bodies kept in air- ) U BT TIRT
and the same distance apart in water? S . .
. . 20. Gravitational potential at a distance r from a
(@) 1:2 (b) 1:1 .
body of mass M is
(c) 2:1 (d) None of above (a) GM/r (b) GM/r2
gar g}?g g st & A srdor & ?Iﬁ%"ﬁ?ﬁw (c) -GM/r (d) -GM/r2
gl HHATT Q) 31?-|TI1T-I' 7 g7
(a) 12 qub) 11 w;wﬁ?#raﬁq&wmﬂw
15. What is the Sl unit of gravitational constant (c) -GM/r (d) -GM/r2
G)? :
(@) N/kg (b) m/s? 21. Earth is _;I:.tte.ned at poles, bulged at the
kg2 d) Jk equator. is is due to
(c) Nmkg ( g (a) the angular velocity of spinning about its
TocarFdor Ui (G) 1 S| §H1§ F4T 872 axis is less at equator
(a) N/kg (b) m/s? (b) the angular velocity of spinning about its
(c) Nm2kg? (d) J/kg axis is more at equator
16. Where will it be profitable to purchase one () tEe centr:ugal Iforce s more at the equator
kilogram of sugar? than at the poles
(a) At poles (b) At equator (d) eﬁ_rth_ r(TvoI\t/)(_as around the sun in an
(C) At 45° latitude  (d) At 40° latitude ae Iptical orbit
T et et wlee Fe ¥ amsEEE g ;%%mp% spreT YEr s g R
(8) gt ¥ (b) 3TET W R (a) 3T Y@T ¢ HOR o & AR I g
(c) 45° 378 W (d) 40° 3187 W} FI HIOT J97T A &
FerT-11 (ifady ~—
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(b) FET YW@ W AU ¢ & ART 3N gHAA
F FIONT 7 4T §

(C) IR Fof Yal &I Jofell H ALY @
9T 31 §

(b) del BIE g W 3|
(c) @l g W 3Thseh
) BT gl W iR

(d) g T Fe T T % At 3R 26. Who_ f.orn;ulated the law of universal
s ¥ ST ~ gravitation?
s ) (a) Albert Einstein (b) Galileo Galilei
22. I(n)pltahnetary Im°t'°" ] _ o (c) Isaac Newton (d) Johannes Kepler
a e angular speed remains constan :
(b) the total angular momentum remains A o1
constant 5 R A A
(c) the linear speed remains constant E(a:)) 5 EZ; ; ;
(d) neither the angular momentum nor o
angu|ar Speed remains constant 27. Gravitational force is a force.
a5t £ afy & (a) Contact (b) Long-range
(a) Ao It R e & (c) Electromagnetic  (d) None of the above
(b) Fer ol Fdar A Tgelr & TRy T TH ____ 9 &
(c) Yaw fy feer e & (a) o
(d) o a ol g3k &7 & Hohy afa (b) ol g r
e Ear § (c) Taega grad
23. Kepler's second law regarding constancy of (d) 3“'5'3' ﬁ q P A&
areal velocity of a plan.et is a consequence 28 What is the value of the acceleration
of the law of conservation of due to gravity (g) on the surface of Earth
(a) energy (b) angular momentum (approximately)?
(c) linear momentum (d) None of these (a) 6.67 x 10" m/s? (b) 3 x 108 m/s
Rrelt 71§ % JraTEARE 4 1 RURAT & waw A () 98 mis? (@ 1.6 x 107 m/s?
Feo FT quV fager fred wvemor & e @ gedt Y qelg T IAFATHIU (g) F FROT eaor
qRome 2 ’ T AT (S FAT 82
(a) 3o (b) Frofrr FT (a) 6.67 x 10" m/s? (b) 3 x 10 m/s
(c) Yr@s a9 (d) =T & Hig AEr (€) 9.8 m/s? (d) 1.6 x 107 m/s?
24. In planetary motion, the angular momentum 29, The escape velocity for a body projected
conservation leads to the law of vertically upwards from the surface of earth
(a) orbits is 11.2 kms. If the body is projected at
(b) areas an angle 45° with the vertical, the escape
(c) periods velocity will be
. — (@) 11.2~2 kms™ (b) 11.242 kms™
(d) conservation of kinetic energy © 1.2 kms" @) 56 kms’
. . . . c .2 kms- .6 kms
T @Y Afer A, FOT G W FE F Qe
# 3R ST 22 tgmﬁﬁmﬁg#aﬂmm#m?g
: yaifta v Rz &1 gam™er 397 11.2 kms g1
(@) z_:rm TE PT FEATER F I 45° FoT | &84T frar
(b) ST ¥, @ T A9 F4T gm?
(c) 3afTr . (@) 11.2/\2 kms- (b) 11.2v2 kms"
(d) ST Fit T EREToT (©) 11.2 kms" (d) 5.6 kms"
25. Gravitational force between two objects is 30. Average density of the earth
(a) Attractive at large distances only (a) is a complex function of g
(b) Attractive at small distances only. (b) does not depend on g
(d) RepUIS|Ve at small distances (d) is direct'y proportiona' to g
ar aEgat F AT TocarHdr I FAT 82 qed) #7 O T
(a) aer a2 g W 3HYH -
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(@) g FT UH HFColFd HIEI gl
(b) g W AR 7T &

(c) g & YeshAII &

(d) @& g % FAEUET §

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

Fqe F T8t Y afy FT gger YT Jaar & F
T P e & gaa &

31. If the distance between two objects is (@) Fedrr amﬂw. (b) éIEiEICE |Vq hETTT )
doubled, how does the gravitational force (c) TR HETT  (d) FTEUREITIh HET
between them change? 36. In an elliptical orbit, where is the sun
(@) It becomes half located?

(b) It becomes one fourth (a) At the center of the ellipse
(c) It remains the same (b) At one of the foci
(d) It becomes twice . (c) On the major axis
uﬁﬂﬁﬁ#aﬁaﬁ%ﬂ@ﬁm&m (d) At the apogee
3% AT THeaTHYOr I A aeerdm §7 Fam &, gF Fer foua §2
(a) g 3T g ST § (a) d¥iged F Fx H (b)) BHT HF F TF W
(b) TE T AAS & A & (c) wITE 8T (d) TR

. e weight of an object on the Moon is
(©) %;ﬁ el & 37. The weight of bj he Moon i
(d) @€ -{';"Ta ST & approximately of its weight on

32. If vo and ve represent the orbital velocity and Earth.
escape velocity of a satellite corresponding (@) One-sixth (b) One-third
to a circular orbit of radius R, then (c) One-half (d) The same as
(a) ve and vo are not related . N S N —

(b) Vo= Ve/\/2 FT TIHIT %T C Tote]
(C) Ve = Vo (a) ©oT feEar (b) v TS
(d) ve =2 vo (c) T-3mem (d) @@
& vo IR ve BSAT R A FeawR F&T & 38, What is the SI unit of gravitational potential
wfdfafee #<a & (a) Joule (J) (b) Newton (N)
(z) Ve and/\/vzo are not related (c) Pascal (Pa) (d) Meter (m)
Vo= V
(b) o e ey feufasr 4T fr S| sh1$ Far 82
(€) ve = vo c J b) =&t (N
B ve =2y (@) 5 (V) (b) =& (N)
(d) ve 0 (c) arEHer (Pa) (d) #heT (m)
33. H;Zsezcsape speed of a body depends upon 39. Which of the following best describes the
. gravitational force between two objects
(@) m (b) m with masses "m," and "m," separated by a
() m? (d) m? distance "r"?
TF IE] FT T A gTATT W A FAT & (a) Directly. proportional to "r" ancll' in\'{ersely
(@) me (b) m proportional to the square of "m;
) m? d) me (b) Inversenly proportional to "r" ar'!d (?'irectly
) _ proportional to the square of "m;

34. What IS thle ?escape velocity of Earth (c) Inversely proportional to the square
(approximately)? of "r" and directly proportional to the
(@) 10 m/s (b) 100 m/s product of "m;" and "m,"

(c) 1000 m/s (d) 11.2 km/s (d) Inversely proportional to the cube of "r"
Tzzﬂ FT TATIT AT (STITHAM) F4AT &7 and directly proportional to "m4"

(@) 10 m/s (b) 100 m/s fmfaf@a & @ #la @1 o aegst F @iw
(c) 1000 m/s (d) 11.2 km/s IFATHYUT I FT TGW HTST qUIT HIAT §

35. Kepler's first law of planetary motion states 3T %,,Hc M1 AR m2 & qﬂ a
that planets move in: )
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(d)

% AT T FaT A, gF & g9d I & g
H Hgl AT &

(a) IRETTe (b) Apogee
(c) ThforgeT (d) sfFET X@r

45. Value of g is

(a)
(b)
()

Maximum at poles
maximum at equator
same everywhere

40. ;I;h:lsgoralzrri‘t:vt;gn:; fi:)sr_ce acting on an object (d) maximum at the centre of earth
(@) Mass (b) Weight g T AlT 4T 87
(c) Volume (d) Density (a) &al o faehaA
el a7 W T I TTCATHEOT T F TS (b) SFET YW R |
¥ & off S e & (C)BTWW '
(a) GeTATT (b) Tt (d) 9T & &g A S
(c) ITIdeT (d) "elca 46. For a satellite moving in an orbit around the
41. Who proposed the three laws of planetary earth, tt]e ratio of kinetic energy to potential
motion? energy Is
(a) Isaac Newton (b) Galileo Galilei @) 1 (®) 1
(c) Johannes Kepler (d) Albert Einstein 2 N
Tgt & aifa & die Agat &1 yeae Raa e © 2 @ 2
) 3Ssieh g (b) Sreiforar el
c) BT HIR (d) 3reat IMSEEA ;_jf UH FAT A gAA qT IYAE F
ﬁzﬂ%ﬁr 3oit @1 AT
42. What is the value of "g" at a point in space i e
far away from any massive objects? :
2 1
(a) Zero (b) 1 m/s @ = ) 3
(¢) 9.8 m/s? (d) 6.67 x 10""m/s? <
forelt st faermer awqat @ ¥ IaRer & wF g () 2 @ 2
9T "g" FT AT FAT 87
(a) LT (b) 1 m/s? 47. Gravitational potential energy is zero at
(c) 9.8 m/s? (d) 6.67 x 10" m/s? (a) The surface of the Earth
43. Which of the following is an example of a (b) The. c.er?ter c_)f the Earth
natural satellite? (c) An infinite distance from the Earth
(@) The International Space Station (ISS) (d) The Moon's surface
(b) The Hubble Space Telescope Tecdrr Fufasr s 4 2. T
(c) The Moon (a) gl T g
(d) A communication satellite (b) t[%ﬁ FI g
T & ¥ Fiv @1 w yele 3wIE & (c) T & T T g
1!T=F 3ETE0T §7? (d) TgAT f Tdg
) HRTSER 3faRaT TAT (ISS) 48. What is the force of gravity experienced by
(b) gool TUH ColleehlY an object of mass 10 kg on the surface of
(c) dTgAT Earth (approximately)?
(d) TH HIR 3998 (@) 10N (b) 100 N
44. In an elliptical planetary orbit, the point (c) 98 N (d) 98N
farthest from the sun is called the: gedlt 1 A W 10 Pl gouAE arell av g
(@) Perihelion (b) Apogee aam IHoTHa FRAT AT T o (9TeT) 4T
(c) Aphelion (d) Equator 8
(@) 10 N (b) 100 N
FerT-11 (ifady (138)




(c) 98 N (d) 9.8 N (a) SI¥ Fel Foll HHRICHS glell &
49. Which of the following factors affects the (b) SI& Fer Foll Y &
gravitational force between two objects? (c) =t (a ( ) 3R (b)
(a) The density of the objects (d) 3T & HIS g
(b) The speed of the objects 54. In which of the following cases, a person
(c) The angle between the objects feels weightless?
(d) The masses and the distance between (a) A person standing on the moon
the objects (b) A person sitting in an artificial satellite
farafaf@a & @ Fla @1 FR* A aeqgat & i of earth
TGCATHYOT T FT THTRAS FIAT 87 (c) Both (a) & (b)
(a) q*gld‘ﬁ %l Helcd (d) None of these
(b) a’%—‘gﬁ@r?ﬁ ffaf@a & ¥ 59 A &, s IfFT ade
(c) TFG3T & dr F Hor AEHH FAAT §7?
(d) segAE 3R aE&g3it & &g @ gl (a) IgAT W WeT ATFd
50. Which of the following quantities is a vector (b) ‘:[%ﬁ & HTAA 39 H JoT e
quantity? (c) @t (a) 3R (b)
(a) Gravitational potential energy (d) ST & IS Al
(b) Mass 55. Persons sitting in artificial satellite of the
(c) Gravitational force earth have
(d) Gravitational constant (a) zero mass
Prafafaa & @ si7 @ ofr dFe 2 (b) zero weight
(a) IEATHYOT &THAAT ol (c) certain definite weight
(b) ;amm (d) infinite weight
(C) IEcATHYUT qof et & FHAT 399w F R afFaat F o
(d) Iecarehyor fERTH (@) YT GeTAT (b) o T
51. Kepler's third law is also known as © 3T 1R (d) :
(a) Law of orbits (b) Law of areas 56. Escape speed on the moon is than
(c) Law of periods (d) None of these escape speed on the earth._ )
- it (a) five times smaller (b) five times greater
%,,I T A e forw amer & oft St S (c) six times greater (d) six times smaller
(a) FemHT F1 oA (b)a%a"ra:rﬁw ;W“;Wﬁ;ﬁ‘[’—ﬁﬂmﬁﬂﬁ
aded # AIH (d) FAH & et i | .
52 '(I'r:e value of acceleration due to :Tagv:jron (@) o {’Wam (b) ﬂﬂTmEIST
moving from equator to poles will () s& o (d) s o
(a) decrease (b) increase 57. The orbit traced by planet around a star is
(c) remain same (d) become half in gene'ral )
I’ . s (a) a circle (b) an ellipse
ngwi??m ﬂaq.:-{m,, T Yor (c) a parabola (d) a straight line
(a) T (b) Th& Wﬁ*ﬂ%ﬁﬁﬁgmwmﬂéa;m
; AT ™9 T &7
C d) 3em gr S
(c) T IE (d) gr @ © T e
53. When does the object in a satellite escapes (c) T tRrErem (d) T e T
to infinity?
(a) When the total energy is positive 58. The escape velocity of an 9bject projecte_d
(b) When total energy is zero _from the surface of a given planet is
independent of
(c) Both (a) & (b) (a) radius of the planet
(d) Nor1e of these ) (b) the direction of projection
399 H IFJ F9 Ieid dF a9 AT 87
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(c) the mass of the planet

d) 8 & F$ A |

(d) None of these 63. The dimensions of the gravitational constant
et R a7 a7 A wag @ vafla Bl avg is
HT qATA A7 FEd TaGT 82 (a) [ML’T?] (b) [ML>T?
(a) g Fr Bsar (c) [ML3T? (d) [ML3T?
(b) wTer & e =T § TeearHyr faaiE A R §
(c) UG T geIHATT (a) [ML®T? (b) [ML3T?]
) T A FIS A (€) [MLT? (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/M2 (d) g = GM/R?
c) the mass of the satellite . .
Ed; All of the above eI TN FT AAF Bl § -
a; 5 & (a) g = GMR? (b) g = GR¥M
el g & farse % TP FET A IYIE HT 3raf c) g = GR/M? d) g = GM/R?
Fad Faas g §? () @ g
(@) T FT gTAT 65. The escape velocity of an object on earth is
b) 7e & B on ' planst with mass 1000 imes that o
(c) i af‘; € earth and radius 10 times that of earth is
(d) 3T & (@) 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 9 (b) o Y a¥ et avg 1 garre a9 11.2 /o
| T:l’fﬂ'1000=17-|1a_¢1111?-|'3ﬁ'{'1031?ﬁﬁ11
© T (d) 2T m%wwmmmaﬂm
gedt 1 gRFAT F qd 3TAT F HR TH (@) 1.12 Tre/E (b) 11.2 frefr/&
HIUROT Ygad Y gAY Iafer Far 82 (c) 1120 vy (d) 112 R
(@) = (b) = 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 (@) R¥T?® = 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 &1 Bsar R 3R @89 e T & &g
(c) 730 (d) 129 Ha ¥
'qﬁ' At B gl g @ el F & I B, A (@) R¥T? = constant (b) R/T® = constant
# m 1 Few FAT g (c) T¥R3 = constant (d) R®%T2 = constant
(a 365 (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 () E =K/2 (d) E=-K2
(b) is a function of the density of bodies TF 3UAE F e 91 K, Rufaer Fe V 3k
(c) is Gravitational constant o ot E ¥ Fafaf@a & & Fla @ Fya
(d) None of these. ' 872
Q RSt & & smedor a9, F=Gmmy/d? garr (a) K=-Vi2 (b) K= VP2
T T &, SEi G () E =K/2 (d E =-K/2
(@) IBcAT T & 68. Two bodies of masses m and 4m are placed
(b) Qust & gdica &1 ol & at a distance r. The gravitational potential at
(c) TecaTHsT adis & a pqint. on th.e Iin.e joining them where the
2 gravitational field is zero
FerT-11 (ifady (720)




(a) Zero (b) - 4Gm/r jects with mass.
(c) - 6Gm/r (d) - 9Gmir ToeT GeAA & WY IE3t F dw rHdor
m 3 4 m geuAE A & R A r gl W ao 2
@I T Bl YW1 W U fdg 9T Icarhdor &THAT 2. Who formulated the law  of universal
e TcaTH¥Or 8T Y+ §, FAT 82 gravitation
(a) Zero (b) - 4Gm/r sl e F1 Iw Bhae gemr ar?
(c) - 6Gm/r (d) - 9Gm/r Ans: Sir Isaac Newton formulated the law of uni-
69. Two balls each of radius R, equal mass and versal gravitation.
density are placed in contact, then the force T Sl =g o AEHA Teca F1 I
of gravitation between them is ST 2T ° N
2
(@) FoR (b) Foc 1R 3. What does the law of universal gravitation
() F < 1R (d) F o R stato?
m"' i%f @ S §, & e A Tecdrd ror a9 Ans: It states that every mass attracts every other
’ ) mass with a force proportional to the product
(@ F <R (b) F o< 1R of their masses and inversely proportional to
() Foc 1R (d) F o R* the square of the distance between them.
70. If M is the mass of the earth and R is e FdTel & b Tcdeh GeddAT g¥ gl GedHle
its radius, the ratio of the gravitational FT Ak gIHAT & IUTA R F AT I &
acceleration and the gravitational constant is T ST T ¥ 3R 3% S &7 UK CE
(a) M/R? (b) R#M & SGesh AT BT &
(c) MR? (d MR 4, What is the value of the gravitational
Ry M et @1 geaan § 3R R gEh B &, constant 'G'?
A IFcATHEUT T AR FcarHior RUIE F TEcary RUTF G FT AT AT §?
T FAT §? Ans: The value of 'G' is approximately
2 2
(a) m/RFi (g) |\R/|//F'\z/| 6.67430%10-" Nm2/kg?
(©) (d) 'G" &I HATel STTHIT
ANSWER OF MCQ QUESTIONS 6.67430x1071 Nm?/kg?
Icd<{ Fell: 5.  What is escape velocity?
9
AT 39T FIT 82
1c. 2b. 3d. 4.c. 5.b. 6.a. 7.b. Ans: Escape velocity is the minimum velocity need-
8c. 9b. 10.b. 11.a 12b. 13.a. 14.b. ed for an object to break free from a celestial
15.c. 16.a. 17.c. 18b. 19.b. 20.c. 21.c pody's gravitational pul.
22.b. 23.b. 24.b. 25.c. 26.c. 27.b. 28.c. O S T W 733 & Jeedrdor e
o e e o g e e ¥ #Fd gl & fav el avg & fav 3nawas
29.c. 30.d. 31.b. 32.d. 33.a. 34.d. 35.b. =eAdH 9T B
36.b. 37.a. 38.a. 39.c. 40.b. 41.c. 42.a. 6 What is weightlessness?
43.c. 44.c. 45.a. 46.a. 47.c. 48.c. 49.d. g )
50.c. 51.c. 52.b. 53.c. 54.b. 55.b. 56.a. HRET 3T §7
57b. 58b. 59.c. 60.b. 61.d. 62.c. 63.c. Ans: Weightlessness is the sensation of zero grav-
64.d. 65.d. 66.c. 67.a. 68.d. 69.d. 70.a. ity experienced by astronauts in space.
HREAT HARET H HAReT A GaRT 7o
VERY SHORT ANSWER TYPE QUESTIONS: Sl ST aTell e WW 1 3rperfal &
Ifa o ScailT gea: 7. What is the gravitational acceleration on
Earth's surface?
1. What is gravity? & & e n
g Hdg 9 Toc caIoT T &7
oo ¥ 87 Ans: The gravitational acceleration on Earth's
Ans: Gravity is the force of attraction between ob-
FerT-11 (ifady (127}




surface is approximately 9.81m/s?
g2l T HAE T IocdI ca0T SITeTar 9.81m/s?

Wm%aﬁ%mﬁﬁm&w

Ay ¥ 18T Awd T Mqonqd éﬂTmFIT%I
JolTdal QaT v, = 4/ %R , g = GM/R2 &T AT

8. How. dt?es the mass of an object affect its @A WA AT &ef Sl Ev. =/ 2gR 3T @
gravitational force? TN F, Tg FET S Tohell § & Telrgel qor
frel 9¥q FT GAA 3HF TGcATHYIT T F el TE H [T IR g & gegA W AR
S TR LT 32 AT § AR I8 T3 & gogdd W R AT

Ans: The greater the mass of an object, the stron- L ¢l
ger its gravitational force. 2. Define gravitational potential? Give its S.I.
forell a&q &1 gegAreT fSiaa 3R giar 8§, 3 unit.
meﬁwm%| Tecdr faerg F oRenia #1372 g8 S.1. 371

9. What is Kepler's first law of planetary ?.'I
motion? Ans: Gravitational potential at any point in gravi-
FeaT 1 TR A A FT ueer Bow F 32 tat!onal flelq is .eq.ual to the Yvork done per

) e ) unit mass in bringing a very light body from

Ans: Ke:plc.arS flrsft Ia\A{ states that planets move |p infinity to that point. It is denoted by Vg.
elliptical orbits with the Sun at one of the foci. Gravitational potential Vg = W / m = - GM /
W. T Tgell G STt %.ﬁ? g ‘aﬂacél?il r. Its Sl unit is J/kg and it is a scalar quantity
Fe A FF F WY v g 7 T ey & # Rl o g W oacdty faerg

10. What causes tides on Earth? IAd F 39 % TH qgd & o MUz @
qedl W AR F FAT FRT §7 A A i sHS geme # fRv e F

. o R gl 38 Vg gart fasfa frar amar gl
Ans: Tides on Earth are primarily caused by the
gravitational pull of the Moon and the Sun. ESIIE cdra ?/3:(3 :g/}ﬁ-{-w /'m Z%G%r;é 3| SER
3%% Ueh T
gedl W AR HAET & ¥ AT R gF & g e
W\ﬁw TaT & FHROT g &1 3. Derive an expression for acceleration due
to gravity at a depth 'd' below the earth's
SHORT ANSWER TYPE QUESTIONS: surface.
oY el gee: gt Y g F A 'd' Y TERE W IGearHior

1. Write an expression for the escape velocity F RO @ & T v AeatrA 9w
of a body from the surface of the earth. Also Ans: Let M be mass of the earth, R be the radius
give the factors on which it depends. of the earth
tr%'ch o gag ¥ FA Rz F gaga o & gq be gravitational acceleration at depth 'd'
5 ﬁrah T B o .

. , . g be gravitational acceleration on the earth

Ans: The minimum speed with which a body must

. . o surfaces.
be projected in order that it will escape from _
the earth's gravitational field is called as es- p be the density of the earth.
cape velocity. the escape velocity can be 'B' be the point inside the earth at depth 'd'
easily formulated which is: from earth surfaces.
/ 2GM
Puttlng the value of g = GM/R?, the value of
escape velocity becomes:
=+ 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 ~geidd Il foraes @y e s @ gaifaa
hET-11 ("ﬁﬁﬁ rw




.. OA-OB =d, .. OB = R-d - Q)]
2 x (df% OA = R)
g=GM/R?
R .. g = G(4/37nR3)p/R2
. g =4GnRp/3 - (2)
gq = TENTS W IcAThyOT & HROT el 'd’
L 4 gq =GxOB T¥=3r aTel 3ol &1 gegATT / OB?
. gq =G(4/370B3p / OB?
.. 0gq =4Gn OB p / 3 —--mm-mmmn (3)
FHRIOT (3) T FHSOT (2) F AT AT
gg/9g=0OB/R=R-d/R
“gq =9 (1-d/R)
. OA-OB =d, ... OB = R-d (1) (since 4 Derive an expression for acceleration due
OA = R) to gravity at a height 'h' above the earth's
g = GM/R? surface. ’
" g = GEABRYp/R? Tl F T § ' FE RN S DR
ROr & fav e AfRaFa grea F1
7. g = AGnRp/3 -ooeoeoeoees (2) Ans: Variation of g with height
g4 = acceleration due to gravity at depth 'd'
gq =GxMass of the sphere with radius OB/ OB? Q Q g
. g4 =G(4/3n OB?)p /OB2 h
.. gq =4Gn OB p/3 --------mm- (3) h
Dividing eqg. (3) by eq(2) P g
gg/9=0B/R=R-d/R
S 0q =9 (1- dIR)
AT NfST foh M gl 1 gegam g, R g2l &r
BT g
9q JedT T HAg A 'd' IS W IFcdId @’ oT |
g J2d T FAGl W oI T |
p 9T T ©eAcd B
'B' gt T gl § WS 'd' W gL & 3
&1 fig Bl
A Consider a test mass (m) at a height (h)
3 from the surface of the earth. Now, the force
acting on the test mass due to gravity is
R F = GMm/(R+h)? .. 4]
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
_ mgh, = GMm/(R+h)?
=2 gn,= GM/[R¥(1+ h/R) . . . . .. (2)
The acceleration due to gravity on the surface
of the earth is given by
g=GM/Rz . .. ... ... (3)
On dividing equations (3) and (2), we get
PeT-11 (A (723)
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gn = 9(1+h/R)?
This is the acceleration due to gravity at

a height above the surface of the earth. 5,
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 AnS:
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 gn = g(1 - 2h/R)
A5 & AT g Hr FedAar

QQ 9

h

P+v9Y
gl T Telg ¥ TS (h) 9 Teh q&Tor m?r
(m) ® R #X| 343 IHcATRYUT &
g&T0T GeTATT W H arelT ot
F = GMm/(R+h)? ... (1)
STET M J2dY T geddlle &, 3R R gt & Rewr
gl Te Taffgd FaE w dlbcdlq:a'UT F FHROT
T 'h' g, dr
mg,, = GMm/(R+h)?
= g, = GM/[R*(1+ h/R)?] . . . . .. (2)
gedl & Tl TR JEcalehyor & HRUT caoT
g=GM/R%z . ... ..... (3)
FHERo (3) 3R (2) Fr AT WA W], &7
e g §
g, = g(1+h/R)2 . . .. ) 1.
g Gl & Hg W FW I FA$ G IRcdlhyor
& HROT caq0T ¥ IR g A ARG e, &
FE TFA & O el aFg P FATS # R & |
g # Hel vedr 8, 3R g # A g2 F I
& W Y= @ S B
FHIHIT (4) A

(777

SI§ h << R gIar &, @ 391§ 'h' W g &0 AT g,
—g(1-2h/R)aamﬁ11Ta1?-n%

Explain Kepler's laws of planetary motion.

HoeX & FgI A afa & AgAt F Tase HfSw)

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 @
FTeR & I8l @1 Afd & FIH 38§ TR ad1C ST
Tqohd &
HTORX T Jgoll T - HaT3T &1 g

hTeR & Tgd GH & AR, "Hel a7 g &

ammaﬂa?h'ermmﬁirmﬁ% ﬁﬂﬁm‘r

UF Fg W aldr ¥

$YeR T @ A - HAET &l 1 HaH
w&ﬁuﬂm% g ¥ UG dh

' dFR THY F WA JeRe &
AT &7 T IR AT 8|

FCR & T FIH - A & @IH
HTR & @l IH & AR, "Uh qEgg
a:mﬁw&é:mfrmw%aﬁrqﬁmﬁ
mmwmmwmma:m
& FHTTAT g 8"

T2 < &3

LONG ANSWER TYPE QUESTIONS:

& Icadiy wee:

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.

Tl Rufasr Fa1 # aRenfa {7 qed F
Fr A gt W Ryd gegwa m & o s
fov e Rufas sat #1 sffeaf@Fa g
Xl

8.9 3p

4



Ans: When a body of mass (m) is moved from faar & & U Ad geIAT 'M' H x-3&T &
infinity to a point inside the gravitational influ- s T ﬁg o T@r A g UR¥ H, Us
ence of a source mass (M) without accelerat- qfraq-u-r SeIA 'm' aAd W g1 3§ f9ar cavor
!ng it, the amount qf wo_rk done ir_1 displacing * aEd A gl (dx) T e F U 70 FF Hfir
it into th(_a source field is _stored in the form gﬁa AT 0 TR &Y IS &
of potential energy. This is known as gravi-
tational potential energy. It is represented by dw = F dx
the symbol Ug. g, F U 3Th¥e oo &, 3R Aeammer Honcas
Derivation of Gravitational Potential Energy x-3767 fgom &7 AR g, safov F 3R dx @& &
Equation feer & &1 a9,

Consider a source mass ‘M’ is placed at a dw = (GMm/x?)dx
point along the x-axis; initially, a test mass Y
‘m’ is at infinity. A small amount of work done Al T { FAGAA FTA T
in bringing it without acceleration through a r GM,,,
very small distance (dx) is given by w= f g 4T
dw = Fdx w= —[G""‘]oo
Here, F is an attractive force, and the dis- W= — .CM_m_( G;;fm )
placement is towards the negative x-axis di-
rection, so F and dx are in the same direc- w = %
tion. Then,
dw = (GMm/x?)dx ?Wg%@ﬁﬁﬁagum
. . gagrd , SSTATT | T rs
Integrating on both sides - ﬁ% ™ W fufer 3o 580 gF O
w= [7 CMm gy ST &
w— _[M] Ug = -GMm/r
z % e U GETOT GeAATT TFcATHYOT & & e
w=—[CMm _(-CMm)) U fig & T GeaA & FA Iocarehyor &
& 3T g@ 3@5 I ST &, A GRETOT FeTHTT
w = —CMm ;ﬁr # gRader 5@ yaR fear srar
Since the work done is stored as its potential 11
energy U, the gravitational potential energy AUg = GMm <E_E)
at a point which is at a distance ‘r' from the afg r > r Y AUg FTRIcAS B.
source mass is given by; 2. Derive expressions for the orbital velocity
Ug = -GMm/r and energy of a satellite.
If a test mass moves from a point inside the frelt 3TaE & Fal aor 3k 3o & v e
gravitational field to the other point inside the gt Lo
same gravitational field of source mass, then Ans: Orbital Velocity:- Orbital velocity of a satellite
the change in potential energy of the test is the velocity required to put the satellite
mass is given by; into its orbit around the earth. let us consider
11 a satellite of mass m revolving around the
= GMm (E‘E) Earth in a circular orbit of radius r at a height
If r; > r; then AU is negative. h from the surface of the Earth. Suppose M
) and R are the mass and radius of the Earth
S geaAe (m) F & s @ Hid gemEe (M) respectively, then r = R + h.
& IEcaATHYUT TG & 3T IAd & Tk g a ’
e a1f fRT o SR o ¥, A 3 W &
H forafia &= 7 fFe v & & AET &
ufas 3o & &9 & Fafed fovar STaT & 1 39
TecarshyoT FEUfAST Fofl & &9 & Sl e g
S TelE Ug g@rT gaiiar s &,
Tecdr TEUTST Sofl HHeOT 1 cgcdied
PeT-11 (A (775)
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To revolve the satellite, a centripetal force of
mvzv
T
is needed which is provided by the gravitational
force

G Mm

r
between the satellite and the Earth.

Therefore, equating both the equations, we
get

2

mvoe _ _ Mm
— =G
r r

:_GM _ GM
VT T R
Simplifying the above equation further, we get

Vo = GM_ . (egn 1)

But

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

Therefore,
gR’
R+h
Simplifying the above equation, we get

_ g

v Ry R

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

Vo =

g = (R(%)Z Simplifying further, we get
GM
R+p SERTW=gr ..(eqn 2)

Substituting (2) in (1), we get

Vo= Vgr =y g'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-

(146}

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+
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

_ L 2 _ GmM
KE=Z53m" =5 R+ 1
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

= + = _ —
E=RETPE= S vn) Rtk 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.

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

Falr - Y 39arg o1 FeflT 391 399
gdl & °IRT 3R 3HGT HeT & TART Fe

3MaeTe 9T &1 m GTATA & Teh 39908
faaR &Y S r FSar &1 gedrehR delm # gy
IRT 3R gH T & U1 g B dcdg ¥ h FAS

s od

(St
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399g & IRFPAT A & T t AT Iof

2
my ,
T
ﬁ&mwmmﬁﬁ%sﬁ@ﬁmﬁwaa
Mm
G—

QﬂTW%*@WWﬂﬁ
gﬁ@aﬂﬁ?ﬁﬁmﬁa#mmimmwmgﬂmﬁ

2
my o _
,
vi = GM — GM
" r  R+h

IIIFT THEOT H R T A I, g7 91

R+h
CIC T
GM = gR? , STgT g I[&caTeYUT & FHROT a7 §
gHfaT,
_ | gr
N R+ R
3WIFT THIROT DI T Il W, & I ¢
B g
v T Ry R,

AT % (A8 @ h FA1$ W) Jocarehyor & HROT
TRUT g' &

g—mﬁzzmﬁﬂwamhnsﬁmﬁ%
a&z)—gm+m g7 o (THIEITT 2)

gwﬁ(nﬁqﬁQMWHmﬁqagﬁmmwam

MR IRFAT FIA aTel 3UAG ST Foll

gl & TR 3R 39IE &I M el AeA

:m%%3wgnqﬁh¥mﬂﬁﬁaﬂmﬂqaﬁ

TREFAT Y @ TR aeq @1 afaeT o, reufaet

gﬁﬁﬁ?mmﬁmﬁ%ﬁvm—aﬁw
|

gl & GREAT e dTel 3UIE & T, TaeRadg
awgawmzﬁmsnwmﬂ%

_/GM
V=N R+n
S8l M 92aT &l gegAT g, R g2t &7 B3 g,
gmﬁéﬁmﬁéawé%aaéﬁaﬁr TS
»
kil

ar, 39aE T ATAST Foll (GeTHAA m ) T v
AT Th el ST H 38 38 YR for@r
gehT §
_L 2 _ GmM

KE—va _2(R+h)
GANT YROT & 3e[dR, 3feld W Tecdry [Fufcsr
EﬁQFaHﬁTWﬁ%'§ﬁW gedl & dhg &
gHR+?qTﬁﬁ%ﬂaﬁaﬁaxmmfmm

ST "ehcll

PE =— GmM
R*h)
JgT Ifael Fail UellcAs § St fafas o
ARRICHS® §. gldiieh, IRAT H, fds For
EufasT St &1 3melr 8, safav $of Foll E §

- __GmM _ GmM ___GmM
E=KETPE= S e " R+h)  2(R+h)
T GodlhR IRHHAT IUAE H Fel Foll 38 ThR
APRIHE & AR Fofl APRIHS & ofdpeT
gellcHe sl Sl T IRATOT T ST §

|El=|KE|=

i) Show that Kepler's Second law is
the law of conservation of angular
momentum.

ii) How do Kepler's laws lead to Newton’s
universal law of gravitation?

1
S5 | PE|
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Ans:
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) fEd fF Feax &1 gEu fagw Foia afy
¥ TIaTor &1 fA9e B

i) R & IA Fged F TocaTdVIT F
st e & 3 I 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 v4; 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
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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 requirgd by the planet is
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But v = circumference of the orbit / period of
revolution
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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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which is Newton’s law of gravitation.
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