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VECTORS

Scalar-Ascalarquantityisaphysicalquantitythatcanbecompletely

describedbyitsmagnitude.Examplesofphysicalquantitiesarelength,

time,density,charge,volume,worketc.Thenumberofstudentsina

classandthecostofahousearefamiliarscalarquantities.

Vector-Todescribecertainphysicalquantitieslikedisplacementalong

withthemagnitude,thedirectionisessential.Forexample,considera

bodymovingfromXtoY.XYisthedisplacement.Onthecontrary,ifthe

bodymovesfrom YtoX,thedisplacementisYX.‘Quantitieswhich

requirebothmagnitudeanddirectionfortheircompletespecification

ordescriptionarecalledvectors’.

Examplesofvectorquantities:momentum,force,torque,magneticfield

acceleration,velocityetc.

VectorRepresentation

•Vectorsarerepresentedbyanarrowpointinginthedirectionofthe

vector.

•Thelengthofthearrowrepresentsthemagnitudeofthevector;the

arrowhead indicatesitsdirection.

Inprintedmaterials,vectorsareoftenrepresentedbyboldfacetype,

suchasAorwithdesignationslike ,A, etc.Alternativelywerepresent

avectorintermsofcomponentsinthreeCartesiancoordinates

=Axi+Ayj+Azk



Henceavector canbewrittenas

=8i+3j+7k

where,i,j,k,areunitvectorswhicharedefinedasvectorsofunit

magnitudeinthepositivex,y,z,directionsrespectively.



Thisworksforanynumberofvectors.

Intermsofcomponentswecanalsoaddvectors

=Axi+Ayj+Azk

=Bxi+Byj+Bzk

as

+ =(Ax+Bx)i+(Ay+By)j+(Az+Bz)k…………(1)



Intermsofcomponents,if

=Axi+Ayj+Azk

and

=Bxi+Byj+Bzk

Then - =(Ax-Bx)i+(Ay-By)j+(Az-Bz)k

ScalarorDotProductoftwovectors:

Giventwovectors =Axi+Ayj+Azk

and

=Bxi+Byj+Bzk

wedefinethescalarordotproductof and as



. =AxBx+AyBy+AzBz …………(3)

Alternatively,ifwehavediagrammaticrepresentationof and ,then

wedefine

. =/A//B/cos=ABcos …………(4)

whereistheanglebetweenvectors and .Notethatascalar

productisascalarquantityandnotavector.

Avectororcrossproductoftwovectors:

Giventwovectors, =Axi+Ayj+Azk

and =Bxi+Byj+Bzk

thenwedefineavectororcrossproductas

x = i j k

Ax Ay Az

Bx By Bz

=i(AyBz-AzBy)+j(AzBx-AxBz)+k(AxBy–AyBx)..(5)

Alternatively,ifwearegiven and diagrammatically

x =/ // /Sini.e.ABSin …………(6)

inmagnitudeonlywithadirectiondefinedbythemotionofaright



handedcorkscrewwhenwerotate into .Notealsothatvector

productisavectorquantity.

RESOLUTIONOFVECTORS
Resolutionofavectormeanstheprocessofsplitting avectorinto

components.Ifavectorisresolvedintotwocomponentsalongthetwo

mutually

perpendiculardirections,theyarecalled‘rectangularcomponents’.



Parallelogramlawofforces

Theparallelogramlawofforcesenablesustodeterminethesingle

forcecalledtheresultantwhichcanreplacethetwoforcesactingata

pointwiththesameeffectasthatofthetwoforces.Thislawstatesthat

iftwoforcesactingsimultaneouslyonabodyatapointarepresentedin

magnitudeanddirectionbythetwoadjacentsidesofaparallelogram,

theirresultantisrepresentedinmagnitudeanddirectionbythediagonal

oftheparallelogram whichpassesthroughthepointofintersectionof

thetwosidesrepresentingtheforces.

Example:Inthefigurebelow;theforceF1=4unitsandforceF2=3units

areactingonabodyatpointA.Thus,togettheresultantoftheseforces,

parallelogram ABCDisconstructedsuchthatAB=4unitsandAC=3

units.Thenaccordingtothislaw,thediagonalAD representsthe

resultantindirectionandmagnitude.



F2=3units C D

3 R

  
A

F1=4units A 4 B

Hence,theresultantoftheforcesF1andF2onthebodyisequaltounits

correspondingtoADinthedirectiontoF1.

Ifmorethantwoconcurrentforcesareactingonabody,two

forcesatatimecanbecombinedbytrianglelawofforcesandresultant

ofalltheforcesactingonthebodymaybeobtained.

Seetheforcesinthefigurebelow:

E
F3=28N D

F4=40N F2=50N

F1=35N R3
R2

C
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B

Example1GiventhreevectorsA=3i+7j+3K;B=5i+2j+4kand

C=4i-3j+2k.



Find:(a)A.B(b)AxB(c)(AxC).B

Solution:(a)A.B=(3i+7j+3k).(5j+2j+4k)

=(3)(5)+(7)(2)+(3)(4)

=15+14+12=41

(b)AB= i j k

3 7 3

5 2 4

7 3 3 3 3 7

=i +j +k

2 4 5 4 5 2

=i(286)+j(15–12)+k(6–35)

=22i+3j–29k

(c)(AC).B

(AC)= i j k

3 7 3

43 2

=i(149)+j(12–6)+k(–9–28)

=23i+6j–37k

(AC).B=(23+6j–37k).(5i+2j+4k)

=115+12–148

=–21



Example2

Thefivecoplanarforcesshownbelow,actonanobject.Findthe

resultant.

y

16N
15N

45 60
X

30 19N

11N
22N

Firstwefindthex–andy–componentsofeachforce.Thesecomponentsareas
follows:

Force x–component y-component
19N 19N 0N
15N 15NCos60=7.5N 15NSin60=13N
16N 16NCos450=11.3N 16NSin450=11.3N
11N 11NCos30=9.53N 11NSin30=5.5N
22N 0N 22N

TheresultanthascomponentsRx=xand

Ry=y

Thenwehave

Rx=19.0N+7.5N–11.3N–9.53N+0N=+5.7N

Ry=0N+13.0N+11.3N–5.5N–22.0N=–3.2N

Magnitudeoftheresultantis

R= R2
x+R2

y

==6.5

Finally,wesketchtheresultantasshowinfig.b

Theangleisobtainedby

tan= =0.56



Then=36029

=331.

Theresultantis6.5Nat331(or–29)

=6.5N331from+x-axis.

FUNDAMENTALLAWSOFMECHANICS
Thefollowingarethefundamentallawsofmechanics:

Newton’sfirstlaw

Newton’ssecondlaw

Newton’sthirdlaw

Newton’sfirstlaw

Itstatesthateverybodycontinuesinitsstateofrestoruniform

motioninastraightlineunlessitiscompelledbyexternalagencyacting

onit.Thisleadstothedefinitionofforceastheexternalagencywhich

changesortendstochangethestateofrestoruniformlinearmotionof

thebody.

IllustrationofNewton’sfirstlaw:

Thefigurebelowshowsafloatingboat.Itcanbeassumedthatthereare

twoforcesactingontheboat.Thefirstistheboat’sweightFg.Thereis

alsoanupwardbuoyancyforceFbexertedbythewaterontheboat.If

thesetwoforcesareequalandopposite,theresultantofthesetwo

forceswillbezeroandthereforetheboatwillremainatrest(itwillnot

moveupordown).



Fg

Fb

Newton’ssecondlaw:

Itstatesthatthetimerateofchangeofmomentumofabodyis

directlyproportionaltotheimpressedforceandittakesplaceinthe

directionoftheforceactingonit.Thus,accordingtothislaw,

Forcetimerateofchangeofmomentum

Butmomentum=massvelocity

Asmassdoesnotchange

Forcemassxrateofchangeofvelocity.

Forcemassxacceleration

Fma

Ifthewaterwasremovedfrombeneaththeboatofthefig.above,anon-

zeroresultantforcewouldactandtheboatwouldacceleratedownward.

Newton’sThirdLaw:

Itstatesthatforeveryaction,thereisanequalandopposite

reaction.Againconsideringtheboatasabove,thewaterexertsan

upwardbuoyancyforceontheboatandtheboatexertsanequaland

oppositeforceonthewater.Thisisillustratedbelow:

-Fb



Fb (a) (b)
Surfaceofwater

Fig:Newton’sthirdlaw:(a)thewaterexertsaforceontheboat,(b)theboat

exertsanequalandoppositeforceonthewater

CharacteristicsofForces:

FromNewton’s1stlaw,wedefinedtheforceastheagencywhich

triestochangethestateofrestorstateofuniformmotionofthebody.

From2ndlawofmotion,wearrivedatpracticaldefinitionofunitforceas

theforcerequiredtoproduceunitaccelerationinabodyof1kgmass.It

maybenotedthataforceiscompletelyspecifiedonlywhenthe

followingfourcharacteristicsarespecified:

–Magnitude

–Pointofapplication

–Lineofaction

–Direction

ForcesandInteractions

Interaction

*–isbetweenonethingandanother

*–requiresapairofforcesactingontwoobjects.

Example:interactionofhandandwallpushingoneachother.

Forcepair–youpushonwall,wallpushesonyou.

Newton’sThirdLawofmotion:Interaction



Foreveryaction,thereisanequalandoppositereaction.

*inallinteractions

*regardlessofmassorsize

Thestatementmeansthatineveryinteraction,thereisapairofforces

actingonthetwointeractingobjects.Thesizeoftheforcesonthefirst

objectequalsthesizeoftheforceonthesecondobject.Thedirectionof

theforceonthefirstobjectisoppositetothedirectionoftheforceon

thesecondobject.Forcesalwayscomeinpairs–equalandopposite

action–reactionforcepairs.


