
PETITSEMINAIREHIGHERSECONDARYSCHOOL–PUDUCHERRY

UNIT–1LAWSOFMOTION

STD:X SELF–EVALUATION

I.Choosethebestanswer:

1.Inertiaofabodydependson-(C)Massoftheobject

2.Impulseisequalsto-(C)Changeofmomentum

3.Newton’sIIIlawisapplicable-(C)Botha&b

4.Plottingagraphformomentum ontheY–axisandtimeonX–axis.

Slopeofmomentum –timegraphgives-(C)Force

5.Inwhichofthefollowingsporttheturningofeffectofforceused-(C)

Cycling

6.Theunitof‘g’ism s-2.Itcanalsoexpressedas-(B)Nkg-1

7.Onekilogram forceequalsto-(C)98x104dyne

8.ThemassofabodyismeasuredonplanetEarthasM kg.Whenitis

takentoaplanetofradiushalfthatoftheEarththenitsvaluewillbe----

kg.

-(D)M

(Hint:whenradiusoftheearthisreducedtohalfofitspresentvalue,

withnochangeinthemass)

9.IftheEarthshrinksto50%ofitsrealradiusitsmassremainingthe

same,theweightofabodyontheearthwill-(D)increaseby300%

10.Toprojecttherocketswhichofthefollowingprinciple(s)is/(are)

required?-(D)Botha&c

II.Fillintheblanks:

1.ToproduceadisplacementForce(or)unbalancedforceisrequired.

2.Passengersleanforwardwhensuddenbrakeisappliedinamoving

vehicle.ThiscanbeexplainedbyNewton’sIlaw(inertiaofmotion)

3.Byconvention,theclockwisemomentsaretakenasNegativeandthe

anticlockwisemomentsaretakenasPositive.

4.Momentofforce(or)Torque(Gear)isusedtochangethespeedofcar.

5.Amanofmass100kghasaweightof980NatthesurfaceoftheEarth.
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III.Statewhetherthefollowingstatementsaretrueorfalse.Correctthe

statementifitisfalse:

1.Thelinearmomentum ofasystem ofparticleisalwaysconserved.-

False

Correctstatement:Intheabsenceofexternalforce,thelinearmomentum

ofasystem ofparticleisalwaysconserved.

2.Apparentweightofapersonisalwaysequaltohisactualweight.-False

Correctstatement:Whenapersonmoveupwardsanddownwards

apparentweightchange.

3.Weightofabodyisgreaterattheequatorandlessatthepolarregion.-

False

Correctstatement:Weightofthebodyislesserattheequatorandgreater

atthepolarregion.

4.Turninganutwithaspannerhavingashorthandleissoeasythanone

withalonghandle.-False

Correctstatement:Turninganutwithaspannerhavingalonghandleis

soeasythanonewithashorthandle.

5.ThereisnogravityintheorbitingspacestationaroundtheEarth.Sothe

astronautsfeelweightlessness.-False

Correctstatement:Thereisfreefallintheorbitingspacestationaround

theEarth.Sotheastronautsfeelweightlessness

IV.Matchthefollowing:

S.No Column1 Column2

a Newton’sIlaw Stableequilibrium ofa

body

b Newton’sIIlaw Lawofforce

c Newton’sIIIlaw Flyingnatureofbird

d Lawofconservationof

linearmomentum

Propulsionofarocket.

V.Assertion&Reasoning:

1.Assertion:Thesum oftheclockwisemomentsisequaltothesum of

theanticlockwisemoments.

Reason:Theprincipleofconservationofmomentum isvalidifthe

www.Padasalai.Net                                                                     www.Trb Tnpsc.Com

Kindly Send Me Your Key Answer to Our email id - Padasalai.net@gmail.com

www.P
ad

as
al

ai
.N

et

www.P
ad

as
al

ai
.N

et

https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m


externalforceonthesystem iszero.

(b)Ifboththeassertionandthereasonaretrue,butthereasonisnot

thecorrectexplanationoftheassertion.

2.Assertion:Thevalueof‘g’decreasesasheightanddepthincreases

from thesurfaceoftheEarth.

Reason:‘g’dependsonthemassoftheobjectandtheEarth.

(c)Assertionistrue,butthereasonisfalse.

VI.Answerbriefly:

1.Defineinertia.Giveitsclassification?

Theinherentpropertyofabodytoresistanychangeinitsstateof

restorthestateofuniform motion,unlessitisinfluenceduponbyan

externalunbalancedforce,isknownas‘inertia’.

Classification:

(i)Inertiaofrest,(ii)Inertiaofmotion,(iii)Inertiaofdirection.

2.Classifythetypesofforcebasedontheirapplication?

Typesofforce:

(i)Likeparallelforces:

Twoormoreforcesofequalorunequalmagnitudeactingalong

thesamedirection,paralleltoeachother.

(ii)Unlikeparallelforces:

Iftwoormoreequalforcesorunequalforcesactalongopposite

directionsparalleltoeachother.

3.Ifa5Nanda15Nforcesareactingoppositetooneanother.Findthe

resultantforceandthedirectionofactionoftheresultantforce.

Given:F1=5N;F2=15N

Twounequalforcesactingoppositetooneother.Therefore,

Resultantforce(Fnet)=F2–F1

Fnet=15–5=10N.

TheFnetisdirectedalongthegreaterforce(F2).

4.Differentiatemassandweight?

S.NO Mass Weight

1 Fundamentalquantity Derivedquantity

2 Itistheamountofmatter Itisthegravitationalpull
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containedinabody. actingonthebody.

3 Itsunitiskilogram Itsunitisnewton.

4 Remainsthesame. Variesfrom placetoplace.

5 Itismeasuredusingphysical

balance

Itismeasuredusingspring

balance.

5.Definemomentofacouple?

Momentofacoupleisdefinedastheproductofanyoneofthe

forcesandtheperpendiculardistancebetweenthelineofactionoftwo

forces.Rotatingeffectofacoupleisknownasmomentofacouple.S.I

unitisNm.

M =FxS.

6.Statetheprincipleofmoments?

Whenanumberoflikeorunlikeparallelforcesactonarigidbody

andthebodyisinequilibrium,thenthealgebraicsum ofthemomentsin

theclockwisedirectionsisequaltothealgebraicsum ofthemoments

intheanticlockwisedirection. Or

Atequilibrium,thealgebraicsum ofthemomentsofallindividual

forcesaboutanypointisequaltozero.

7.StateNewton’ssecondlaw?

Theforceactingonabodyisdirectlyproportionaltotherateof

changeoflinearmomentum ofthebodyandthechangeinmomentum

takesplaceinthedirectionoftheforce.

Fα
mv-mu

t

8.Whyaspannerwithalonghandleispreferredtotightenscrewsin

heavyvehicles?

 Theturningeffectofaforceiscalled“momentofforce”.

 Theturningeffectofabodydependsupontheperpendicular

distanceofthelineofactionoftheappliedforcefrom theaxisof

rotation.

 Momentofforce=forcexperpendiculardistance(Fxd).

 Thehandleofthespannerislong;theforcerequiresturningthe

bodyisless.If‘d’islarge,themomentofforceisalsolarge.
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Henceitiseasiertorotatetheobject(nut).

9.Whilecatchingacricketballthefielderlowershishandsbackwards.

Why?

Incricket,afielderpullsbackhishandswhilecatchingtheball.He

experiencesasmallerforceforalongerintervaloftimetocatchtheball,

resultinginalesserimpulseonhishands.

10.Howdoesanastronautfloatinaspaceshuttle?

Astronautsarenotfloatingbutfallingfreelyaroundtheearthdue

totheirhugeorbitalvelocity.Sincespacestationandastronautshave

equalacceleration,theyareunderfreefallcondition.Hence,boththe

astronautsandthespacestationareinthestateofweightlessness.

VII.Solvethegivenproblems:

1.Twobodieshaveamassratioof3:4.Theforceappliedonthebigger

massproducesanaccelerationof12ms-2.Whatcouldbethe

accelerationoftheotherbody,ifthesameforceactsonit.

Massratiom1:m2=3:4.

=
m

1

m
2

3

4

Theforceappliedonthebiggermass(m2=4kg)producesan

accelerationa2=12ms-2.Therefore,m1=3kg,a1=?

Sameforce,F1=F2

m1a1=m2a2

a1=
m

2
a

2

m
1

a1= = =16ms-2.
4x12

3

48

3

Theaccelerationoftheotherbodyis16ms-2.

2.Aballofamass1kgmovingwithaspeedof10ms-1reboundsaftera

perfectelasticcollisionwiththefloor.Calculatethechangeinlinear

momentum oftheball.

Massoftheball(m)=1kg,initialvelocity(u)=10ms-1; finalvelocity=

-10ms-1(rebounds)

Changeinmomentum (∆p)=mv–mu

∆p={1x(-10)}–(1x10)=-20kgms-1
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∆p=-20kgms-1.

Changeinmomentum oftheballis20kgms-1(Negativesignjust

indicatesthedirectionofmomentum).

3.Amechanicunscrewsanutbyapplyingaforce140Nwithaspannerof

length40cm.Whatshouldbethelengthofthespannerifaforceof40

Nisappliedtounscrewthesamenut?

Equatingthetorque(momentofforce)inboththecases.

F1l1=F2l2

140x40=40xl2

l2=
140x40

40

l2=140cm (or)1.4m.

4.Theratioofmassesoftwoplanetsis2:3andtheratiooftheirradiiis

4:7.Findtheratiooftheiraccelerationsduetogravity.

g1= ;g2=
GM

1

R
1

2

GM
2

R
2

2

g1/g2= x
M

1

R
1

2

R
2

2

M
2

= x()22

3

7

4

=
49

24

g1:g2=49:24

VIII.Answerindetail:

1.Whatarethetypesofinertia?Giveanexampleforeachtype?

Therearethreetypesofinertia.Theyare:

 Inertiaofrest:Theresistanceofabodytochangeitsstateofrest.

Ex:whenyouvigorouslyshakethebranchesofatree,someof

theleavesandfruitsaredetachedandtheyfalldown.

 Inertiaofmotion:Theresistanceofabodytochangeitsstateof

motion.Ex:Anathleterunssomedistancebeforejumping.

Because,thiswillhelphim jumplongerandhigher.

 Inertiaofdirection:Theresistanceofabodytochangeits

directionofmotion.Ex:whenyoumakeasharpturnwhiledriving
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acar,youtendtoleansideways.

2.StateNewton’slawsofmotion?

Newton’sFirstlaw:Itstatesthateverybodycontinuestobeinitsstate

ofrestorthestateofuniform motionalongastraightlineunlessitis

acteduponbysomeexternalforces.

Newton’sSecondlaw:Itstatesthattheforceactingonabodyisdirectly

proportionaltotherateofchangeoflinearmomentum ofthebodyand

thechangeinmomentum takesplaceinthedirectionoftheforce.

Newton’sThirdlaw:Itstatesthatforeveryaction,thereisanequaland

oppositereaction.Theyalwaysactontwodifferentbodies.

3.DeducetheequationofaforceusingNewton’ssecondlawofmotion.

Statement:Itstatesthattheforceactingonabodyisdirectly

proportionaltotherateofchangeoflinearmomentum ofthebodyand

thechangeinmomentum takesplaceinthedirectionoftheforce.

Proof:

Thislawhelpsustomeasuretheamountofforce.Soitiscalledas

‘lawofforce’.Let‘m’bethemassofamovingbody,movingalonga

straightlinewithaninitialspeed‘u.’Afteratimeintervalof‘t’,the

velocityofthebodychangesto‘v’duetotheimpactofanunbalanced

externalforceF.

Initialmomentum ofthebodyPi=mu

Finalmomentum ofthebodyPf=mv

Changeinmomentum ∆P=Pf–Pi

=mv-mu

ByNewton’ssecondlawofmotion,

Force,Fαrateofchangeofmomentum

Fαchangeinmomentum /time

Fα
mv-mu

t

F=
km(v-u)

t

Here,kistheproportionalityconstant,k=1inallsystemsof

units.Hence,

F=
m(v-u)

t
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Since,acceleration=changeinvelocity/time,a=(v-u)/t.

hence,wehave

F=m xa

Force=massxacceleration.

Noexternalforceisrequiredtomaintainthemotionofabody

movingwithuniform velocity.Whenthenetforceactingonabodyisnot

equaltozero,thendefinitelythevelocityofthebodywillchange.

4.Stateandprovethelawofconservationoflinearmomentum?

Statement:Thereisnochangeinthelinearmomentum ofasystem of

bodiesaslongasnonetexternalforceactsonthem.

Or

Intheabsenceofexternalunbalancedforce,thetotalmomentum ofa

system ofobjectsremainsunchanged.

Proof:

LettwobodiesAandBhavingmassesm1andm2movewithinitial

velocityu1andu2inastraightline.Letthevelocityofthefirstbodybe

higherthanthatofthesecondbody.i.e.,u1>u2.Duringanintervalof

timetsecond,theytendtohaveacollision.Aftertheimpact,bothof

them movealongthesamestraightlinewithavelocityv1andv2

respectively.

ForceonbodyBduetoA,

FB=m2(v2–u2)/t

ForceonbodyAduetoB,

FA=m1(v1–u1)/t

ByNewton’sIIIlawofmotion,

Actionforce=Reactionforce

FA = FB

m1(v1–u1)/t=-m2(v2–u2)/t

m1v1+m2v2=m1u1+m2u2

Theaboveequationconfirmsintheabsenceofanexternalforce,

thealgebraicsum ofthemomentum aftercollisionisnumerically
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equaltothealgebraicsum ofthemomentum beforecollision.

5.DescribetheRocketpropulsion?

 Propulsionofrocketsisbasedonthelawofconservationof

linearmomentum aswellasNewton’sThirdlawofmotion.

 Rocketsarefilledwithafuel(eitherliquidorsolid)inthe

propellanttank.

 Whentherocketisfired,thisfuelisburntandahotgasisejected

withahighspeedfrom thenozzleoftherocket,producingahuge

momentum.

 Tobalancethismomentum,anequalandoppositereactionforce

isproducedinthecombustionchamber,whichmakestherocket

projectforward.

 Whileinmotion,themassoftherocketgraduallydecreases,until

thefueliscompletelyburntout.

 Sincethereisnonetexternalforceactingonit,thelinear

momentum ofthesystem isconserved.

 Themassoftherocketdecreaseswithaltitude,whichresultsin

thegradualincreaseinvelocityoftherocket.

 Atonestage,itreachesavelocity,whichissufficienttojust

escapefrom thegravitationalpulloftheearth.Thisvelocityis

calledescapevelocity.

6.Statetheuniversallawofgravitationandderiveitsmathematical

expression?

Statement:Itstatesthateveryparticleofmatterinthisuniverseattracts

everyotherparticlewithaforce.Thisforceisdirectlyproportionaltothe

productoftheirmassesandinverselyproportionaltothesquareofthe

distancebetweenthecentersofthesemasses.Thedirectionofthe

forceactsalongthelinejoiningthemasses.

Derivation:
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Forcebetweenthemassesisalwaysattractiveanditdoesnot

dependonthemedium wheretheyareplaced.

Letm1andm2bethemassesoftwobodiesAandBplacedrmetre

apartinspace.

Force Fαm1xm2

Fα1/r2

Oncombiningtheabovetwoexpressions

Fα
xm

1
m

2

r2

F=
Gm

1
m

2

r2

WhereGistheuniversalgravitationalconstant.ItsvalueinSIunitis

6.674x10-11Nm2kg-2.

7.Givetheapplicationsofuniversallawofgravitation?

Applications:

 Dimensionsoftheheavenlybodiescanbemeasuredusingthe

gravitationlaw.Massoftheearth,radiusoftheearth,

accelerationduetogravity,etc.canbecalculatedwithahigher

accuracy.

 Helpsindiscoveringnewstarsandplanets.

 Oneoftheirregularitiesinthemotionofstarsiscalled‘wobble’

leadtothedisturbanceinthemotionofaplanetnearby.Inthis

conditionthemassofthestarcanbecalculatedusingthelawof

gravitation.

 Helpstoexplaingerminationofrootsisduetothepropertyof

geotropism whichisthepropertyofarootrespondingtothe

gravity.

 Helpstopredictthepathoftheastronomicalbodies.

IX.HOTQuestion:

1.Twoblocksofmasses8kgand2kgrespectivelylieonasmooth

horizontalsurfaceincontactwithoneother.Theyarepushedbya

horizontallyappliedforceof15N.Calculatetheforceexertedonthe2

kgmass.
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m1=8kg;m2=2kg;Horizontalappliedforce=15N;

AccordingtoNewton’sSecondlaw,F=ma

F=(m1+m2)a

a= = =1.5ms-2F

+m
1

m
2

15

8+2

Forceexertedonthe2kgmass

m =2kg;a=1.5ms-2

F=m xa=2x1.5=3N

Theforceexertedonthe2kgmassisF=3N.

2.Aheavytruckandbikearemovingwiththesamekineticenergy.Ifthe

massofthetruckisfourtimesthatofthebike,thencalculatetheratio

oftheirmomenta.

Given:

Massofbike=m1;massoftruck=m2=4m1

Kineticenergy=½mv2=½mv2x
m

m

=½x =½
m2v2

m

p2

m

Truckandbikehavesamekineticenergy⇒k1=k2

½ =½
p

1

2

m
1

p
2

2

m
2

=
p

1

2

m
1

p
2

2

m
2

=
p

1

2

p
2

2

m
1

m
2

= =¼
p

1

2

p
2

2

m
1

4m
1

=½
p

1

p
2

P1:p2 =1:2

Theratiooftheirmomenta=1:2
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3.“Wearinghelmetandfasteningtheseatbeltishighlyrecommendedfor

safejourney”.JustifyyouranswerusingNewton’slawofmotion.

Wearingahelmet:

 Whenapersonfallsfrom thebikeheexertsaforceequalto

productofmassofthepersonandaccelerationofthebike

(Newton’sIIlaw).

 AccordingtoNewton’sIIIlaw,Inturnthegroundoffersandequal

andoppositeforceontheperson,whichwillproducelarge

damage.

 Inordertominimizedamagesthepersonmustwearhelmet.

Fasteningofseatbelt:

 Itwillnotallowapersontomovefrom seatwhythevehicle

comestorestsuddenlybyapplyingbrakeorbyhavingsome

accidents.

 Thisisduetoinertiaofmotion(Newton’sIlaw).

 Whenthespeedingvehiclestopssuddenlythelowerpartin

contactwiththeseatstopswhiletheupperpartofthebodytends

tomaintainitsuniform motion.

 Hencethepersonwillturnforwardandobtaininjuries.Inorderto

avoidthis,fasteningofseatbeltisimportant.
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