
GRAVITATION

statemen:Newtonsaidthattheforceofgravityistheforceofattractionbetweenallobjects

intheuniverse

Or

TheforceofattractionofferedbytheEarthontheobjectwhichliesonthesurfaceofthe

earth.

Theforceofgravityisalsocalledasforceofattraction

WhynottheMoongetattractedtowardstheearth?

Duetotheforceofgravitybetweenthemoonandtheearth.Betweenthemoonandearth

andotherforcehasbeenproducingnameiscentripetalforce.Duetothiscentripetalforce

onlyanyobjectcanmoveinacircularpath.Centripetalforceisavectorquantityand

directionisaboutthecentre.

whatAppleisattractedbythegroundbutgroundisnotattractedbytheApple?

Newton'sthirdlaweveryactionhasequalandoppositereaction

FromNewton'ssecondlaw

F=mxa

a=F/m

a

soApplemassislessthanAppleaccelerationismoreinthesamewaytheearthmassis

morethantheaccelerationoftheEarthislesswhichisnegligiblesothemovementofthe

earthtowardstheAppleisnegligible

universallawofgravitation

Statement:everybodyintheuniverseattracteveryotherbodywithaforcewhichis

proportionaltotheproductoftheirmassesandinverselyproportionaltothesquare

ofdistancebetweenthem

A. M. B. m



Theforceisalongthelinejoiningthecentresofthetwoobjects.

F Mm

F 1/d2

F. Mm/d2

F=GMm/d2

GIstheconstantofproportionalityiscalledtheuniversalgravitationalconstant.to

knowthevalueofgravitationalconstantG .

Fxd2 =GMm

G=Fxd2/Mm

SIunitofuniversalgravitationalconstantG=Nm2kg-2

G=6.673x10-11Nm2kg-2

Importanceoftheuniversallawofgravitation:

Theuniversallawofgravitationsuccessfullyexplainseveralphenomenawhichwere

believedtobeuncountable

I.forcethatbindsustotheearth.

2.themotionoftheMoonaroundtheearth.

3.themotionoftheplanetsaroundthesun.

4.theTidesduetothemoonandthesun.

Freefall

1.isthereanychangeinthevelocityoffallingobject?

Ans:1.DuetoUSattractiontherewillbeachangeinthemagnitudeofthevelocity.

2.anychangeinthevelocityinvolvesaccelerationso,

wheneveranobjectFallstowardsEarthandaccelerationisinvolved.

3.theaccelerationisduetotheearth'sgravitationalforceiscalled.

accelerationduetogravity.Itisdenotedby'g'.



Theunitofgisasthatofaccelerationms-2.

Accelerationduetogravityg:

Statement:Themagnitudeofthegravitationalforcewillbeequaltotheproductof

massandaccelerationduetogravity.

F=mg

butweknow. F=GMm/d2

fromequations1and2

mg=GMm/d2

g=GM/d2

Theearthisnotaperfectspheresoasaradiusoftheearthincreasesfrompoleto

theequatorthevalueofgbecomesgreateratthepolesthanattheequator.

Motionofobjectsundertheinfluenceofgravitationalforceoftheearth:

1.Accelerationexperiencedbyanobjectisindependentofitsmass.

2.motionoftheobjectbecomesvalidwithaccelerationareplacedbyg.

theequationsare

1.V=u+at. V=u+gt

2.S=ut+1/2at2 S=ut+1/2gt2

3. V2=u2+2as V2=u2+2gs

inapplyingtheseequationswewilltakeaccelerationatobepositivewhenitisinthe

directionofvelocityandnegativewhenitisoppositetothemotion

mass:

Inthepreviouschapterthatthemassofanobjectisthemeasureofitsinertiawe

knowthatmassincreases,inertiaalsoincreasesmassofanobjectisconstantand

doesnotchangefromplacetoplace.



Weight

WeknowthattheEarthattractseveryobjectwithacertainforceandthisforce

dependsuponthemass(m)oftheobjectandaccelerationduetogravity(g).The

weightofanobjectisaforcewithwhichitisattractedtowardstheearth.

F=ma

F=mg

theforceofattractionoftheearthofanobjectisknownasweightoftheobject.

ItisdenotedbyW

W=mg

theSIunitofweightisNewtonN

Theweightisaforceactingverticallydownwardsithasbothmagnitudeand

direction.

Exercisequestions

1.Howdoestheforceofgravitationbetweentwoobjectschangeswhenthe

distancebetweenthemisreducedbyhalf?

Ans:giventhat

distancer=r/2

weknowthat

F=GMm/r2

F=GMm/(r/2)2

F=GMm/(r2/4)

F=4(GMm/r2)

F=4F

Ifthedistancebetweenthemisreducedbyhalfthentheforceofgravitationwillbe

increasedby4timesoftheforce



2.gravitationalforceactsonallobjectinproportiontotheirmasseswhythenaheavy

objectdoesnotfallfasterthanalighterobject?

Ans:becauseofthereasonthataccelerationisequaltoforcedividedbymass.astheforce

isdirectlyproportionaltomassaccelerationisconstantforabodyofanymass.

3.whatisthemagnitudeofthegravitationalforcebetweentheearthandamassof1kg

objectonitssurface(massoftheearthis6x1024kg,radiusoftheearthis6.4x106m)

Ans:giventhat

M=6x1024kg

m=1kg

r=6.4x106m

Weknowthat. F=GMm/r2

F=6.7x1011Nm2kg-2x1kgx6x1024kg/6.4x106mx6.4x106m

F=1.0x10

F=10N

4.TheEarthandtheMoonareattractedtoeachotherbygravitationalforce.DoestheEarth

attractsthemoonwithaforcethatisGreaterorsmallerorthesameastheforcewithwhich

themoonattractstheearth?why?

Ans:accordingtotheuniversallawofgravitationtwoobjectsattracteachotherwithequal

forcesButinoppositedirectionthatfortheearthattractsthemoonwiththesameforceas

themoonattractstheearth

5.IfthemoonattractstheearthwhydoestheEarthnotmovetowardsthemoon?

Ans:themoonattractstheearthwiththesamegravitationalforceastheearthattractsthe

moonthemassoftheearthisverylargetheaccelerationproducedisnegligibletherefore

theearthdoesnotmovetowardsthemoon.

6.whathappenstotheforcebetweentheobjectsif

(I)themassofoneobjectisdoubled

(II)thedistancebetweenthetwoobjectsisdoubledandtripled

(III)themassesofthebothobjectsaredoubled

Ans:1.giventhat



Massofoneobjectisdoubled

M=2M

F=GMm/r2

F=G(2M)m/r2

F=2(GMm/r2)

F=2F

theforceisdoubledwhenoneobjectmassisdoubled

II.Giventhatdistanceisdoubled

r=2r

F=GMm/(2r)2

F=GMm/4r2

F=1/4(GMm/r2

F=1/4F

whenthedistanceisdoubledthentheforcewillbereducedto1/4timesof

force

Giventhatthedistanceistripled

r=3r

F=GMm/(9r)2

F=GMm/9r2

F=1/9(GMm/r2

F=1/9F

whenthedistanceisTripledthentheforcewillbereducedto1/9timesofforce

III.giventhatmassofbothobjectsare

M=2M,m=2m

F=GMm/(r)2



F=G(2M)(2m)/r2

F=4(GMm/r2

F=4F

ifmassofbothobjectsaredoubledthenthefourthwillbe4timesoftheinitialforce

7.whatistheimportanceofuniversallawofgravitation?

Ans:Theuniversallawofgravitationsuccessfullyexplainseveralphenomenawhich

werebelievedtobeuncountable

I.forcethatbindsustotheearth.

2.themotionoftheMoonaroundtheearth.

3.themotionoftheplanetsaroundthesun.

4.theTidesduetothemoonandthesun.

8.whatistheaccelerationoffreefall?

Ans:1.DuetoUSattractiontherewillbeachangeinthemagnitudeofthevelocity.

2.anychangeinthevelocityinvolvesaccelerationso,

wheneveranobjectFallstowardsEarthandaccelerationisinvolved.

3.theaccelerationisduetotheearth'sgravitationalforceiscalled.

accelerationduetogravity.Itisdenotedby'g'.

9.whatdowecallgravitationalforcebetweentheEarthandtheobject?

Ans:GravitationalforcebetweentheEarthandanobjectisknownasEarth'sgravityor

weightoftheobject.

10.Amit22fewgramsofgoldatthepolesaspertheinstructionofoneofhisfriends.Hi

handoverthesamewhenhemadeattheequatorwillthefriendagreewiththeweightof

boldbroughtifnotwhy?

Ans:Massoftheobjectremainssameeverywhere.

g=GM1M1/d²

M1andM2aremassesofthebodies.d=distancebetweenEarthcenterandtheperson

onthesurface.



Thedistancedislessatthepoles.Sothegravityg'ismoreatthepolesthanatthe

equator.Now,thegoldboughtatthepolesreadsWgramsweight.Themassofthegold

purchasedisW/g'grams.

Thegravityattheequatorisg.Theweight=W/g'*g=W*g/g'.

Sinceg<g',theweightwillbe<W.Sotheweightofthegoldasshownbythemachineat

theequatorwillbeless.

Sothepersonwillhavepaidmoreatthepoles.Samemassofgoldwillcostlessatthe

equator.

12.Gravitationalforceonthesurfaceofthemoonisonly1/6asstrongasgravitationalforce

ontheearth.WhatistheweightinNewtonsofa10kgobjectonthemoonandtheearth?

Ans:Massoftheobject,m=10kg

Accelerationduetogravityatearth,ge=9.8ms
−2

∴Weightoftheobjectonearth,W=mg=10×9.8=98N

Accelerationduetogravityatmoon,gm=1/6×9.8=1.63ms
−2

∴Weightoftheobjectonmoon,W=mgm

=10×1.63=16.3N

13.Aballisthrownverticallyupwardswithavelocityof49m/scalculate

I.ThemaximumheighttowhichitRises.

II.thetotaltimeittakestoreturntothesurfaceoftheearth.

Ans.GivenThat

Initialvelocityoftheball(u)=49m/s.

Thevelocityoftheballatmaximumheight(v)=0.

g=9.8m/s2

LetusconsideredthetimetakenisttoreachthemaximumheightH.

Consideraformula,

v2=u2+2gH

2gH=v2–u2



2×(-9.8)×H=0–(49)2

–19.6H=–2401

H=122.5m

Nowconsideraformula,

v=u+g×t

0=49+(-9.8)×t

–49=–9.8t

t=5sec

(1)Themaximumheighttoballrises=122.5m

(2)Thetotaltimeballtakestoreturntothesurfaceoftheearth=5+5=10sec.

14.Astoneisreleasedfromthetopofatowerofheight19.6M.Calculateitsfinalvelocity

justbeforetouchingtheground?

Ans:InitialVelocityu=0

Fianlvelocityv=?

Height,s=19.6m

Bythirdequationofmotion

v2=u2+2gs

v2=0+2×9.8×19.6

v2=384.16

⇒v=19.6m/s

15.Astoneisthrownverticallyupwardwithaninitialvelocityof40m/stakingg=10m/s2

findthemaximumheightreachedbythestone.Whatisthenetdisplacementandthetotal

distancecoveredbythestone?

Ans:InitialVelocityu=40m/s

Fianlvelocityv=0



Height,s=?

Bythirdequationofmotion

v2=u2+2gs

0−(40)2=−2×10×s

s=160/20

⇒s=80m/s

Toatldistancetravelledbystone=upwarddistance+downwarsdistance=2×s=160m

TotalDiaplacement=0,Sincetheinitialandfinalpointissame.

16.calculatetheforceofgravitationbetweentheEarthandtheSungiventhemassofthe

earthis6x10^24kgandofthesunisheis2x10^30kgistheaveragedistancebetween

thetwois1.5x10^11m

Ans:

Given: Massofearth m=6×1024kg

MassofSun M=2×1030kg

Distancebetweensunandearth r=1.5×1011m

Forceofgravitationbetweenthem F=GMm/r2

F=6.67×10−11×(6×1024)×(2×1030)/(1.5×1011)2

=3.557×1022 N

17.Astoneisallowedtofallfrom thetopofatower100m highandatthesametime

anotherstoneisproductprojectedverticallyupwardsfromthegroundwithavelocityof25

m/s.calculatewhenandwherethetwostoneswillmeet?

Ans:LetthestonesmeetatpointAaftertimet.

Forupperstone:

u′=0

x=0+1/2gt2

x=1/2×10×t2



⟹x=5t2............(1)

Forlowerstone:

u=25m/s

100−x=ut−1/2gt2

100−x=(25)t−1/2×10×t2

⟹100−x=25t−5t2 ............(2)

Adding(1)and(2),weget

25t=100

⟹t=4s

From(1),

x=5×42

⟹x=80m

Hencethestonemeetataheightof20mabovethegroundafter4seconds.

18.Aballthrownupverticallyreturnstothethrowerafter6s

a)thevelocitywithwhichitwasthrownup

b)themaximumheightitreaches.

c)positionafter4s

Ans:

Theballreturnstothegroundafter6seconds.

Thusthetimetakenbytheballtoreachtothemaximumheight(h)is3secondsi.et=3s

Letthevelocitywithwhichitisthrownupbeu

(a).Forupwardmotion,

v=u+at

∴ 0=u+(−10)×3

⟹u=30m/s



(b).Themaximumheightreachedbytheball

h=ut+1/2at2

h=30×3+1/2 (−10)×32

h=45m

(c).After3second,itstartstofalldown.

Letthedistancebywhichitfallin1sbe d

d=0+1/2at2

where t=1s

d=1/2×10×(1)2

=5m

∴Itsheightabovetheground,h=45−5=40m

Henceafter4s,theballisataheightof40mabovetheground.




