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FUNDAMENTALS  
 

 

 

Mechanics # Itisthebranchofphysicalsciencewhichdealswiththebehaviorofabodyatrest or motion 

under the action of external forces. 

Mechanicsisdivided into staticsand dynamics. 

Statics # It is the branch of engineering mechanics which deals with the study of bodies at 

rest under the action of external forces. 

Dynamics # It is the branch of engineering mechanics which deals with the studyof bodies in 

motion under the action of external forces. 

Kinematics # Itisthebranchofdynamicswhichdealswiththe motionofthebodieswithout considering 

the forces causing the motion. 

Kinetics # Itisthebranchofdynamicswhichdealswiththemotionofthebodies considering the 

forces causing the motion. 

Unit # Itisthe acceptedstandard whichis usedforcomparisonofaphysical quantity. 

Thereare foursystemsofunits i.e. C.G.S,M.K.S,S.IandF.P.S. 

Fundamental 

unit 

# Theunitsbywhichfundamentalquantitiesaremeasuredarecalledas 

fundamentalunits. 

Derivedunit # The units bywhich derived physical quantities are measured arecalled as derived 

units. 

Dimension # It is a formula by which a physical quantity is expressed in terms of fundamental 

quantities with suitable power. 

Scalar # AquantitywhichisspecifiedbyitsmagnitudeiscalledasScalarquantity.Example: 

mass, length, area, volume, time etc. 

Vector # A quantity which is specified by its magnitudeand direction is called as 

Vectorquantity. Example: force, weight, velocity, displacement, acceleration, 

moment. 

Mass # Itisthetotalquantityofmattercontainedinabody.TheS.Iunitofmassis kilogram (kg). It 

is constant at all places. In can’t be zero. 

Weight # It is the force with which a body is attracted towards the centre of earth. The S.I 

unit of weight is Newton (N). It is different at different places. It is zero at the 

centre of earth. 

Length # Itis the lineardistancebetween two points.TheS.Iunit oflength is metre(m). 

Time # Itrefersto thesequenceofevents.The S.Iunit of time issecond (s). 

Particle # Aparticleisanobjecthavingmassbutnosize.It hasnegligibledimension. 

Body # Abodyconsistsof matters buthavingdefinitemass and volume. 

Rigidbody # Abodywhich doesn’tdeform undertheactionofforcesis known asarigid body. 

Deformable 

body 

# Abodywhich deformsunder theaction offorcesis knownas adeformablebody. 

Elasticbody # Abodywhichcandeformundertheactionofexternalforcesandcomebacktoits original 

shape and size after the removal of forces is known as elastic body. 
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FundamentalQuantities: 

Fundamental quantities are the quantities, whichcannot be expressed in terms of any other 

physicalquantity. 

Example: length, mass and time. There are seven fundamental quantities in S.I system. Their symbol 

and unit is mentioned below. 

 

Quantity Unit Abbreviation 

Mass Kilogram Kg 

Length Metre M 

Time Second S 

Temperature Kelvin K 

Electric current Ampere A 

Luminousintensity Candela Cd 
Amount of substance Mole mol 

 

 

Derived Quantities: 

 

Quantitiesthatcanbe expressedintermsoffundamentalquantitiesarecalledderivedquantities. 

 

Examplesofsomederivedquantities: 

Quantity Unit Abbreviation 

Area squaremetre m2 

Volume cubemetre m3 
Velocity metre/sec m/s 

Acceleration metre/secsquare m/s2 

Force Newton kg-m/sec2 
Work, energy&heat Joule N-m 

Momentof inertia kilogrammetre sqare kg-m2 
Power Watt J/s 

 

 

Systemsofunits: 

Generallyweusefoursystems ofunits. 

 Centimeter-gram-second(C.G.S)system:Inthissystemtheunitsoffundamentalquantities 

i.e.mass,length andtimeareexpressedin gram,centimeter andsecond respectively. 

 Metre-kilogram-second(M.K.S)system:Inthissystemtheunitsoffundamentalquantitiesi.e. 

mass,lengthand timeare expressed inkilogram,meterandsecond respectively. 

 Foot-pound-second(F.P.S)system:Inthissystemtheunitsoffundamentalquantitiesi.e. 

mass,lengthand timeareexpressedin pound,footandsecond respectively. 

 International systems of units (S.I system): This system consists of seven fundamental 

quantities. In this system the units of fundamental quantities i.e. mass, length and time are 

expressed in kilogram, meter and second respectively. 
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FORCE&MOMENTS  
 

 

Force: 

Forceissomethingwhichcanchangethestateofrestorstateofmotionofthebody.Itmayalso deform a body by 

changing its dimension. It is a vector quantity. 

 Mathematically,it isgiven bythe productof massofabodyandtheacceleration produced. 

i.e F=m.a 

 

 TheunitofforceisDyne(dyn)inC.G.S,Newton (N)inS.IandM.K.S.Thegravitationalunit of force 

is kilogram force (kgf) or gram force (gmf). 

 

 1N =105dyn, 1kgf=9.81 N, 1gmf =981dyn. 

 

 Thecharacteristicsofforceareitsmagnitude,directionorlineofaction,pointofapplication and 

nature of force. 

 

GraphicalRepresentationof Force: 

Any force can be represented in magnitude and 

direction by a straight line with an arrow head. The 

beginningofthelinerepresentsthepointofapplication 

oftheforce.Thearrowheadrepresents thedirectionof the 

force. The magnitude of the force is given by the length 

of the line drawn to scale. 

 

Effects offorce: 

 Itmaychangethestateof restor uniform motionofthe body. 

 It maykeepthebodyinequilibrium. 

 Itmayproduceinternalstressesin a body. 

SystemofForces: 
 

Typesof 
force 

Definition Figure 

Collinear 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

lie on a same line, then the forces are called as 

Collinear forces. 

 

 

Concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe 

bodypassesthroughacommonpoint,thenthe 

forces are called as concurrent forces. 
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Non 

Concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

don’t passes through a common point, then 

theforces arecalled as concurrent forces. 

 

 

Coplanar 

forces 

Ifthelinesofactionoftheforcesactingonthe 

bodylieon the sameplane, then theforces are 

called as Coplanar forces. 

 

 

Non 

Coplanar 

Forces 

Ifthelinesofactionoftheforcesactingonthe body 

don’t lie on the same plane, then the forces are 

called as Coplanar forces. 

 

 

Coplanar– 

Concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

lie on the same plane and also pass through a 

common point, then the forces are called as 

Coplanar-Concurrent forces. 

 

 

Coplanar- 

Non 

concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

lie on the same plane but don’t passes through 

a common point, then the forces are called as 

Coplanar - non concurrent forces. 

 

 

Non 

Coplanar- 

Concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

don’t lie on the same plane but passes through 

a common point, then the forces are called as 

Non Coplanar-Concurrent forces. 

 

 

Non 

Coplanar– 

Non 

Concurrent 

forces 

Ifthelinesofactionoftheforcesactingonthe body 

don’t lie on the same plane and don’t pass 

through a common point, then the forces are 

called as Non coplanar- non concurrent forces. 

 

 

Parallel 

forces 

If the lines of action of all forces are parallel 

to each other, then the forces are called as 

Parallelforces.Ifallforcesareactinginsame 

direction, then the forces are called as Like 

parallel forces. If the forces are acting in 

different direction, then the forces are called 

as Unlike parallel forces. 

 

 

Pull&Push Pullistheforcewhichactsonthebodyatits front 

to move it in the direction of force applied. 

Push is the force which acts on a body at its 

back to move it in the opposite direction of 

force applied. 
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Action&Re

action 

ActionistheactiveforceandReactionisthe 

reactive force. 

When a body is placed on a horizontal plane, 

the weight of the body (W) acts in vertically 

downward and a reaction force (R) acts in 

vertically upward direction. Where W 

iscalledastheactionofthebodyonplaneandR is 

called as the reaction of the plane on the body. 

 

 

Tension 

&Compression 

Tension is the pull which acts on the string, 

rope, rod or body. Compression is the push 

which acts on the string, rope, rod or body. 

A body is said to be in tension if it is 

subjectedtotwoequalandoppositepulls.A 

body is said to be in compression if it is 

subjected to two equal and opposite push. 

 

 

Trust When a fixed surface is acted upon by 

compressiveforce,thatforceiscalledas thrust 

on that surface. 

 

 

 

Principleoftransmissibilityof aforce: 

If the point of application of force actingon a bodyis shifted to anyother point of its line of action 

withoutchangingitsdirection,thentheeffectofforceremainsunchangedandtheequilibriumstate remains 

unchanged. This principle is known as Principle of Transmissibility of force. 

PrincipleofSuperpositionor Lawofsuperposition: 

Thelawofsuperpositionisstatedas,“theactionofagivensystemofforcesonarigidbodyisnot changed by 

adding or subtracting another system of forces in equilibrium”. 

Freebodydiagram: 

A bodyis said to befreebodyif it is isolated fromall otherconnected bodies and supports. 

Freebodydiagramofabodyisthediagram,whichis drawnbyshowingall theexternalforces and support 

reactions on the body and by removing the contact surfaces. 

Examplesoffreebodydiagram: 
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Resultantof a force: 

Resultantofaforcesystemisasingleforcewhichproducesthesameeffect as the 

force system produce. 

 

If P and Q are the two forces acting on a particle at A, then their combined 

effectcanbereplacedbyasingleforceR.Where Riscalledastheresultant of P and 

Q. The forces P and Q are called as components of R. 

 

Theresultant of thesystem of forcesactingon abodycan bedetermineby 

 Analyticalmethod:byusingtrigonometricmethod(parallelogramlaw)andmethodof 

resolution. 

 Graphicalmethod: byusingtriangle and polygonlawof forces. 

Compositionof forces: 

Theprocess ofdeterminingtheresultant forceofaforcesystemis calledasCompositionof forces. 

Resolutionofforce: 

Theprocessofsplittingupthegiven forceintonumberofcomponentsiscalledas Resolutionofforce. Components 

are classified as perpendicular and non perpendicular components. 

 Perpendicular components– If the components of a force are given by two mutually 

perpendiculardirections,thenthecomponentsareknownasperpendicularcomponentsor 

resolve parts of the force. 

 Nonperpendicularcomponents–Ifthecomponentsofaforcearenot givenalongthetwo 

mutuallyperpendiculardirections,thensuchcomponentsareknownasnonperpendicular 

components. 

Parallelogramlawofforces: 

This law states that, “If two forces acting at a point are represented in magnitude and direction by the 

two adjacent sides of a parallelogram drawn from that point, their resultant can be represented in 

magnitude and direction by the diagonal of the parallelogram drawn through that point”. 

 

Determinationofresultantforce: 

ConsidertwoforcesPandQ,actingatapoint‘O’ asshowninfigure-1.TheanglebetweenPandQ force is. 
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OD2CD2 (OAAD)2CD2 

(PQcos)2(Qsin)2 P2Q2cos22PQcosQ2sin2

P22PQcosQ2(cos2sin2) P22PQcosQ2 

RP22PQcosQ2 

tan
Qsin  

PQcos

tan
Psin  

QPcos

Letthetwo forcesPand Qare representedinmagnitudeanddirectionbythesidesOAandOBofa parallelogram 

OACB as shown in figure-2. In figure, resultant R is shown on the diagonal OC. 

Draw CDperpendiculartoOA extended.From figure,OA= PandAC = Q.BOACAD


IntriangleOCD, 

IntriangleADC, 

ROC



sin
CD

 
AC 

cos
AD

 
AC 





CDACsinQsin



ADACcosQcos

- ---------------- (i) 

Substitutingthe valueofOA,ADand CD inequation-(i), we get: 

 

 

R 

 



- --------------- (ii) 
 

LetRismakingananglewithP.IntriangleOCD, tan
CD


OD 

CD 

OAAD 

--------------- (iii) 

 

 

IfRismakingananglewithQ,thenwecanwrite 

 

 

 

- ------------ (iv) 
 

 

AnglebetweenPand Q Resultant Conclusion 

𝜃=00 R =P +Q PandQarecollinearandactinginsamedirection. 

𝜃=1800 R =P– Q PandQarecollinearandactinginoppositedirection. 

𝜃=900 
 

 

R=√𝑃2+ 𝑄2 PandQareperpendiculartoeach other. 

 

PROBLEM 
********************************************************************************** 

Que-1) Twoforces 50kN and10 kNareact ata pointO. theincludedangle betweenthemis 600. 

Findthemagnitude and directionof theresultantforce. 

Ans: Let forceP=50kN,forceQ=10kN,anglebetweenPandQ(𝜃)=600 Resultant 

of P and Q (R) = √𝑃2 + 𝑄2 + 2𝑃𝑄 𝑐𝑜𝑠𝜃 

= √502+102+2×50×10𝑐𝑜𝑠600 

=122.5 kN 
 

DirectionofR 𝛼=tan-1( 𝑃sin𝜃 )=tan-1( 50sin600
 ) =51.050 (Ans) 

𝑸+𝑃cos𝜃 10+50cos 60 0 
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Que-2) Findthemagnitude of two forcessuch that if theyactat right angles, theirresultant is 
 

√10kN andwhen theyactatan angleof 600, theirresultant is√13kN. 

Ans: Let P and Q are the two forces and their resultant is R. 

Case-1: √10 =√𝑃2+𝑄2 ⇒ 𝑃2+𝑄2=10 

Case-2: 
 

 

√13 

 
 

=√𝑃2+𝑄2+2𝑃𝑄𝑐𝑜𝑠600=√𝑃2+𝑄2+2𝑃𝑄× 
1 

 

2 

⇒ 13 =𝑃2+𝑄2+𝑃𝑄=10+PQ 

⇒ PQ =13 – 10 =3 

Weknowthat; (P+Q)2 =P2+Q2+2PQ 
  

⇒ P+Q=√𝑃2+𝑄2+2𝑃𝑄=√10+2× 3=√16=4 ---------------------------(i) 
 

  

SimilarlyP–Q=√𝑃2+𝑄2−2𝑃𝑄 =√10− 2×3=√4=2 ------------------(ii) 

Solvingequation-(i)and(ii)we get: P=3 kN and Q=1 kN (Ans) 

Que-3) Thegreatestandleastresultantsoftwoforcesare respectively17kNand3kN.Determine the 

angle between two forces when their resultant is √149 . 

Ans: LetP andQ arethetwo forcesandtheir resultantisR. AnglebetweenP&Qis 𝜃. 

Greatestresultant=P +Q =17 kN ------------------- (1) 

Leastresultant =P – Q =3 kN ----------------- (2) 

Solvingequation-1and2we get:P=10 kN and Q=7 kN 
 

 

Accordingtoquestion; √149=√𝑃2+𝑄2+2𝑃𝑄𝑐𝑜𝑠𝜃 
⇒ 149 =𝑃2+𝑄2+2𝑃𝑄𝑐𝑜𝑠𝜃 

=102+72+2×10×7 cos𝜃 

=100 +49 +140cos𝜃=149 +140 cos𝜃 

⇒ cos𝜃 =149−149=0 
140 

⇒ 𝜃 =cos-1(0)=900 (Ans) 

Que-4) Twoforcesareactingat anangleof1200.Thegreaterforceisof40 Nand theresultantis acting at 

900 to the smaller force. Find the magnitude of the smaller force. 

Ans: LetPisthegreaterforce andQisthesmallerforceandtheirresultantisR. Angle 

between two forces (𝜃) = 1200 , P = 40 N 

Let𝛼=angle betweenRand P=1200 – 900=300. 
 

 

Weknowthat, tan
Qsin 




PQcos

Qsin120 



40Qcos120 

Q0.866 

40Q(0.5) 

 tan300.58
Q0.866 

40Q(0.5) 


0.866Q 

400.5Q 

 400.5Q
0.866Q

1.49Q 
0.58 

 1.49Q0.5Q40 1.99Q40 Q40/1.9920.1N (Ans) 
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3 

3P2Q2 

 

Que-1)Find themagnitudeof twoequalforces actingat a point withanangleof600betweenthem, 

iftheresultant isequal to 30 N. (Ans:30 N) 

Que-2)Twoforces of magnitudes 3P and 2P respectivelyactingat a point have aresultant R. If the first 

force is doubled, the magnitude of resultant is doubled. Find the angle between the forces 

3P and 2P. (Ans:1200) 

Que-3)In a concurrent force system, two forces are acting on a point at an angle 600. The resultant 

forceis120 N and oneoftheforces is80kN. Determinethe unknownforce.(Ans:57.98 kN) 

Que-4)TwoforcesofmagnitudePandQareactingatapoint.Theyaresuchthat,ifthedirectionof one is 

reversed, then the resultant turns through a right angle, show thatP = Q. 

Que-5)Two forces equal to 2F and F act on a particle. If the first be doubled and the second 

increasedby15N,thedirectionoftheresultantforceremainsunaltered.FindthevalueofF. 

(Ans:F=15 N) 
 

Que-6)Theresultantoftwoforces(P+Q)and(P-Q)is to 

each other at an angle of 600. 

.Show thatthe forcesareinclined 

Que-7)Theresultantof two forcesP andQ is atright anglesto P. Showthat theangle betweenthe 
1 P

forcesiscos  . Q 
 

Que-8)Theresultantoftwoequalforcesactingatapoint alsoequalstoP.Determinetheangle between 

the two forces. (Ans: 1200) 
 

Methodof resolution: 

 Resolveall the forces actingon the bodyhorizontallyand vertically. 

 Findthesumofhorizontalcomponents(∑𝐻)andsumofverticalcomponents(∑𝑉). 
 

 Themagnitudeofresultantofforcesisgivenby: R=√(∑𝐻) 2+(∑𝑉)2 

 Thedirectionof resultantisobtainedatan angle𝜃withthehorizontalformthefollowing 

formula. tan𝛼=Z𝑉; 
Z𝐻 

Where,𝛼=angle madebytheresultant with horizontal. 

 If ∑𝑉ispositive, then 00<𝜃<1800 

 If ∑𝑉isnegative, then 1800<𝜃<3600 

 If ∑𝐻ispositive, then 00<𝜃<900and2700<𝜃<3600 

 If Σ𝐻is negative, then 900<𝜃<2700 

ASSIGNMENT 
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Resolutionofforcein rectangularcoordinates indifferentquadrants: 
 

 

 

 

 
 

 

 

 

 

PROBLEM 
********************************************************************************** 

Que-1)Ablockisrestingonaninclinedplaneof150.Aforceof20kNactsat500 withtheplane. 

Determine:(a)thehorizontalandverticalcomponentsoftheforce (b) the componentsof force 

parallel and perpendicular to the plane. 

Ans: Data given: 

Force=20 kN,angleofinclined plane=150, angleof force=500. 

(a) Horizontalcomponentofforce=20cos650=8.45kN 

Vertical component of force = 20 sin 650 = 18.13 kN 

 

(b) Force parallel to the plane = 20 cos 500 = 12.85 kN 

Forceperpendiculartoplane=20sin500=15.32kN 

(Ans) 
 

Que-2)Aparticleisacteduponbythreeforceswithmagnitudes2kN,2√2 kNand1kN.Thefirst 

forceisalonghorizontaldirection;secondmakes anangleof450withthehorizontaland the 

third is along the vertical direction. Determine the resultant of the given forces. 

(Ans:R=5kN,𝜃=36.90) 

Ans:Resolvingallforceshorizontallyandvertically &bytakingsumofhorizontal components and sum of 

vertical components we get: 

∑H=2+2√2cos 450=4 kN 

∑V=1+2√2sin 450=3 kN 

 

R=√(∑H)2+(∑V)2=√(4)2+(3)2 
 

=√25=5 kN 
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tan𝛼=Z𝑉=3=0.75 
Z𝐻

-1
4 

0
 

⇒𝛼=tan(0.75) = 36.86 
Themagnitudeofresultantforceis5kN andit 

makes an angle of 36.860 with horizontal. 

 

 

(Ans) 

 

 

Que-3) Fiveforces4, √3,5,√3 and3kNrespectivelyactatoneoftheangularpointsofaregular hexagon 

towards other five angular points. Find the magnitude and direction of the resultant 

forces. 

Ans: Resolvingallforceshorizontallyandvertically&bytakingsumofhorizontalcomponents and 

sum of vertical components we get: 
 

∑H=4 cos 00+√3cos 300+5cos 600+ 

√3cos 900– 3 cos 600=6.5 kN 

∑V=4 sin00+√3sin300+5sin600+ 

√3sin 900+ 3 sin 600=9.52 kN 

 
  

R=√(∑H)2+(∑V)2=√(6.5)2+(9.52)2 
 

=√132.88=11.52 kN 

 
tan𝛼=Z𝑉=9.52= 

Z𝐻
-1

6.5 
0
 

⇒𝛼=tan(1.46) = 55.67 
Themagnitudeofresultantforceis11.52kN and it 

makes an angle of 55.670 with the OA. 

 

 

 

 

 

 

 

 

 

 

 

(Ans) 

 

Que-4)Fourhorizontalwiresareattachedtoaverticaltelegraphandtheyexertthefollowing 

pullsonthepost.(i)20kNtowardseast (ii)40 kNtowardsnorth-east (iii)30kNtowards north (iv) 

50 kN towards south-west. Find the magnitude and direction of resultant pull. 

Ans:Resolvingallforceshorizontallyandvertically &bytakingsumofhorizontalcomponents and sum of 

vertical components we get: 
 

∑H=20 cos 00+40 cos 450+30 cos 900– 

50cos 450=12.92 kN 

∑V=20 sin 00+40 sin 450+30sin 900+ 

50 sin 450=93.63kN 

 
  

R=√(∑H)2+(∑V)2=√(12.92)2+(93.63)2 
 

=√8933.50=94.51kN 
tan𝛼=Z𝑉=93.63=7.24 

Z𝐻
-1

12.92 
0
 

⇒𝛼=tan(7.24) = 82.14 
Themagnitudeofresultantforceis94.51kN and it 

makes an angle of 82.140 with the horizontal. 

 

 

 

 

 

 

 

 

 

 

 

 
(Ans) 
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Que-1) Asmall block ofweightQ =44.5 N isplaced on aninclined planewhichmakes an angle 

𝛼 =300withthehorizontal.ResolvethegravityforceQintotworectangularcomponents Q1 and 

Q2 acting parallel and normal to the inclined plane respectively. 

(Ans:Q1=22.25 N, Q2 =38.53 N) 

Que-2) Determine the magnitude of the unknown forces for the condition of equilibrium for the 

following force system. (Ans:F1=1.15kN,F2=3.84kN) 
 

Que-3)A circular roller of weight W rests on a smooth horizontal plane and is kept in position by 

string AC as shown in the figure. The roller is pulled by a horizontal force P applied to its 

centre.DeterminethereactionatB andthetension ofthestring.(Ans:P tan𝛼+ W,P/cos𝛼) 
 

 

Principleofresolutionof a Force: 

It states that, “the algebraic sum of the resolved parts of a number of forces in a given direction is 

equal to the resolved part of their resultant in the same direction”. 

Trianglelawofforces: 

It states that, “if two forces acting simultaneously on a particle be represented in magnitude and 

direction by the two sides of a triangle taken in order, then their resultant may be represented in 

magnitude and direction by the third side of the triangle taken in opposite order”. 

Polygon law offorces: 

It states that, “if a number of concurrent forces acting simultaneously on a particle be represented in 

magnitude and direction by the sides of a polygon taken in order, then their resultant may be 

represented in magnitude and direction by the closing side of the polygon taken in opposite order”. 

If P1, P2, P3 and P4 forces are acting 

simultaneously at a particle at O, be 

represented in magnitude and directionby 

the sides oa, ab, bc, cd of a polygon 

respectively; then their resultant is 

represented by the closing side ‘do’ ofthe 

polygon in opposite direction. 

 

 

 

 

ASSIGNMENT 



13  

Equilibriumofa particle: 

 Aparticleissaidtobein equilibriumwhenthe resultantofalltheforcesactingonitiszero or the net 

forces acting on the body is equal to zero. 

 Whenalltheforcesthat actuponabodyarebalanced,thenthebodyissaidtobeinastate of 

equilibrium. 

The forces are considered as balanced if the rightward forces are balanced by the 

leftwardforcesandtheupwardforcesarebalancedbythedownwardforcesi.e.neteffectof forces on 

the body balancing each other. 
 

 Instatics abodyissaidtobeinequilibrium,whenitcomebacktoits originalpositionafterit is slightly 

displaced from its rest position. 

 Thesingle forcewhichbringsthe forcesystemtoequilibriumiscalledas anequilibriant. 

 AnalyticalConditionsof equilibrium: 

Thealgebraicsumofhorizontalandverticalcomponentsoftheforcesactingonthe body must 

be zero. (i.e. ∑𝐻 = 0 &∑𝑉 = 0). 

Ifabodyisturningorrotating,thenthealgebraicsumofmomentsmustbezeroandthe net 

couple acting on the body must be zero. (i.e. ∑𝑀 = 0). 

 Graphicalconditionsof equilibrium: 

Theforceor vector diagram must be closed. 

Lami’stheorem: 

It states that, “if three coplanar concurrent forces acting at a point be in equilibrium, then each force 

is proportional to the sine of the angle between the other two forces”. 

Explanation:LetthreeforcesP,QandRareactingatapoint‘O’.Let=anglebetween RandQ, 

=anglebetweenQand P,=anglebetweenRandP. 

 

 

Proof: 

Accordingto Lami’stheorem: 
P 

sin
 

Q 

sin
 

R 

sin

ConsiderthreecoplanarconcurrentforcesP,QandRactingat apoint‘O’asshownin figure-1. Let= 

angle between R and Q,= angle between Q and P,= angle between R and P. 

Consider a parallelogram OACB as shown in figure-2 drawn from figure -1. 

ThesideOA,OB,diagonalOCrepresentstheforcesP,QandRrespectively. 
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From figure: 

 

OA=BC =P; OB=AC =Q; 

∠𝐴𝑂𝐶=180 – 𝛽; 

∠𝐴𝐶𝑂=∠𝐵𝐶𝑂=180 –𝛼 

IntriangleOAC; 

 

∠𝐶𝐴𝑂=1800–(∠𝐴𝑂𝐶+∠𝐴𝐶𝑂) 

=1800– (180 – 𝛽+180 – 𝛼) 

⇒ ∠𝐶𝐴𝑂=𝛼+𝛽-1800 

But 𝛼+𝛽+𝛾=3600 

⇒ 𝛼+𝛽-1800=180 – 𝛾 
⇒ ∠𝐶𝐴𝑂=180 – 𝛾 

WeknowthatintriangleOAC, 
OA 

= 
AC 

= 
OC 

sin∠𝐴𝐶0 sin∠𝐴0𝐶 sin∠𝐶𝐴0 

⇒ 
P 

= 
Q 

= 
R 

sin(180–𝛼) sin(180–𝛽) sin(180 –𝛾) 

 

∴ 
P 

= 
Q 

= 
R 

(Proved) 
sin𝛼 sin𝛽 sin𝛾 

 

 

 

 

 

 

(Figure-1) 

 

 

(Figure-2) 

 

PROBLEM 
********************************************************************************** 

Que-1) Anelectriclightfixtureofweight200Nissupportedas showninfigure.Determinethe tensile 

forces in the wires BA and BC as shown in the figure. 
 

 

Ans: Considerthe freebodydiagram atB. 

Let, TBC = tension in wire BC, 

TBA=tensionin wire BA, 

W=weightof lightfixture=200 N 

ThepointBisinequilibriumundertheactionofforces TBC, TBA 

and W. 

ApplyingLami’stheoremto pointBweget; 

TBA  
TBC 

 
200 

sin(900450) sin(900600) sin750 

 
TBA  

TBC 
 

200 
 

TBA 
TBC


200 

sin(1350) sin(1500) sin750 0.707 0.5 0.965 
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TBA 0.707
200 

 
 

0.965 
146.5N and 



TBC 0.5
200 

 
 

0.965 
103.6N (Ans) 

Que-2) A smooth circular cylinder of radius 2 m is lying in a triangular groove, one side of which 

makes200angleandother300anglewiththehorizontal.Findthereactionsatthesurfaces of 

contacts, if there is no friction and the cylinder weights 200 N. 

Ans: Let,RA=reaction at Aand RB =reaction atB.W=weight ofthe body=200 N 
 

(Freebody diagram) 

ApplyingLami’stheoremto point‘O’we get; 
 

 
RA 

sin(1500) 
 

RB 

sin(1600) 
 

200 



sin500 

RA


0.5 

RB 
 

0.342 


200 

0.766 
 

RA 0.5
200 

 
 

0.766 
130.54N and RB0.342

200 
 

 

0.766 
89.29N (Ans) 

Que-3) Two rollers of same diameter are supported by an inclined plane and vertical wall as 

shown in the figure. The upper and the lower rollers are respectively 300 N and 400 N in 

weight,. Find the reactions at points of contact A,B, C and D. Assumeall thesurfaces to 

be smooth. 
 

 

Ans: Theupperroller remainsinequilibrium undertheaction offollowingforces. 

Weight (W2) = 300 N, reactionatC(RC),and 

reaction of lower roller in the direction O1O2 (RD). 

Considertheequilibriumofupperroller. 
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ApplyingLami’stheorem to point O2,weget; 

 
RD 

sin1650 
 

RC 

sin1050 
 

300 

sin900 

 
RD 

0.258 

RC 
 

0.965 


300 

1 

RD0.25830077.4N 

RC0.965300289.5N 

and 

The lower roller remains in equilibrium under the action of following forces. 

Weight (W1) = 400 N, reaction at A (RA), reaction at B (RB) and 

reaction of upper roller in the direction O1O2 (RD). 

Considertheequilibriumof lower roller. 

ResolvingtheforcesalongO1O2weget; RA 

cos 15 – W1 sin 15 – RD = 0 

RA× 0.966–400×0.259–77.4= 0 

RA= 187.37N. 

 

ResolvingtheforcesperpendiculartoO1O2weget; RB - 

RA sin 15 – W1 cos 15 = 0 

RB= RAsin15+ W1cos15 

RB= 187.37×0.258+ 400× 0.965 

RB= 434.34N 
 

 

Que-1)Abody ofweight70kNissuspendedby twostringswhoselengthsare6cmand8cm from two points in 

the same horizontal level. The horizontal distance between the two points is 10 cm. 

determine the tensions of the strings.(Ans: 42 kN, 56 kN) 

Que-2)Arollerofweight1000 Niskept onasmoothinclinedplaneand ispreventedfrom moving down by a 

rope as shown in the figure. Find the tension in the rope and the reaction at the point of 

contact A. (Ans: 731.8 N, 896.4 N) 
 

Que-3)Twocylindersrestinachannelasshowninthefigure.Thebiggercylinderhasa diameter of 180 mm 

and weighs 500 N, where as the smaller cylinder has a diameter of100 mm and weighs 200 

N. If the bottom width of the box is 180 mm, with one side vertical and the other inclined 

at 600, determine the reactions at all the four points of contact. 
 

ASSIGNMENT 
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Momentof Force: 

Whenaforceactsuponabodytoturnitwithrespecttoapoint,theturningeffectofforceiscalledas moment of the 

force. 

 

 Theproductofmagnitudeofforceandtheperpendiculardistanceofthelineof actionofthe force 

from a point is known as moment of the force about that point. 

 Theunit ofmomentin S.Isystem is N-m. 

 Calculation of moment: 
 

 

 

Consideraforce‘F’actingatapointBof the bar 

of length ‘l’. 

MomentoftheforceaboutpointA= force × 

distance = F × l 

 

 

Consideraforce‘F’actingatanangle‘ϴ’at a 

point B of the bar of length ‘l’. 

MomentoftheforceaboutpointA= Force × 

distance = F sin ϴ× l 

 

 Clockwisemoment–Itisthemomentofaforcewhichproducestheturningeffectofthebody in 

clockwise direction. The clockwise moment is taken as positive 

 Anticlockwisemoment–Itisthemomentofaforcewhichproducestheturningeffectofthe body in 

anticlockwise direction. The anticlockwise moment is taken as negative. 

 Graphicalrepresentationofmoment: 

 

 

 Law ofmoments: 

Theprinciple of moment states that, “if a body is in equilibrium under the action of a number 

ofparallelforces,thesumoftheclockwisemomentsabout anypointmustbeequaltothesum of anti-

clockwise moments about the same point”. 

 

 

 

Accordingto theprincipleof moments, 

Sumofanti-clockwisemoments=sumofclockwisemoments 

From figure, 𝑚1𝑑1+ 𝑚2𝑑2= 𝑚3𝑑3+ 𝑚4𝑑4 

ConsideraforceFrepresentedinmagnitudeanddirectionbythe line 

AB. Let O is the point about which moment is required. Let OC 

is the perpendicular distance of O from AB. Join OA andOB to 

complete the triangle OAB. 

Momentof forceF about point O =F×h=AB×OC 

=2 ×areaof triangle OAB 
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Couple: 

Twoequal and oppositeparallel forces actingat different pointsin a bodyformsa couple. 

 

 Abodyacteduponbythecouplewillrotatethebodyinclockwisedirectionoranti-clockwise 

direction. 

 Steeringwheelandpedalsofbicyclesaretheexamples forcouple,wherethetwoforcesare equal 

but acting in opposite direction. 

 Momentof the couple:Itis theproduct of oneof theforcesand thearmofthe couple. 

 Typesofcouple: 

 
 

 

Clockwise couple: It is the couple producedby 

a pair of forces which tends to rotate the body 

in clockwise direction. It is taken as positive 

couple. 

 

 

Anticlockwise couple: It is the couple 

produced by a pair of forces which tends to 

rotatethebodyinanticlockwisedirection.Itis 

taken as negative couple. 

 Thealgebraicsumof the forcesformingthecoupleis zero. 

 Acouple canbebalancedbyanothercouple ofequal magnitude and oppositereaction. 

 Examplesof couple: openingor closingofawatertap, turningof thecap of apen. 

Varignon’stheorem: 

It states that, “if a number of coplanar forces are acting simultaneously on a particle; thealgebraic 

sumofmomentsofalltheforcesaboutanypointisequaltothemomentoftheirresultantforceabout the same 

point”. 

Proof: 

ConsidertwocoplanarforcesPandQberepresentedinmagnitudeanddirectionbythesidesABand AD of the 

parallelogram as shown in figure. The diagonal AC represents the resultant of forces in magnitude 

and direction. 
 

Let‘O’beanypointasO,DandClieonsameline. Join OD, 

OA and OB. 

Moment of force P about point ‘O’ = 2 × area of triangle AOB 

Moment of force Q about point ‘O’ = 2 × area of the triangle AOC 

MomentofforceRaboutthepoint ‘O’=2×areaofthetriangleAOD 

Fromgeometryoffigure: 

Areaof∆AOD =areaof∆AOC+areaof∆ACD 

⇒ 2×Areaof∆ AOD=(2×areaof ∆ AOC)+(2 ×areaof ∆ ACD) but , 

areaof ∆ ACD = area of ∆ ADB = area of ∆ AOB 
sowemaywrite, 
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H2
V2

 1.5P2
0.86P2

 2.25P20.73P2 

2.98P2 

⇒ 2×Areaof∆AOD=(2 ×areaof∆AOC) +(2×areaof∆AOB) 

⇒ Momentof R aboutO =Momentof QaboutO+Momentof P about O 
 

∴ HencethealgebraicsumofmomentsoftwoforcesPandQaboutpointOisequaltothemoment of the 

resultant R about the same point O. (Proved) 

 

PROBLEM 
********************************************************************************** 
Que-1) Ahorizontalmember issubjectedto asystemof parallelforcesas shownin figure. 

Determinethe magnitudeandpositionoftheresultant force. 

Ans: Magnitudeofresultant force: 

Resultant= -250 +200 - 400 +800 =350 N 

 

Positionofresultantforce: 
 

Let x = distance of resultant from A 

ConsiderthesumofmomentaboutpointA; 

Rx800940062003350x5400 

 

 

x5400/35015.42m 

Themagnitude ofRis350Nactingupwardanditisata distance 15.42mfromA. 

Que-2) Threeforcesof4P,5Pand6Pareactingalongthethreeedgesofanequilateraltriangleof 100 mm 

side taken in order. Determine the magnitude and position of the resultant force. 

Ans: ConsidertheequilateraltriangleABCasshowninfigure. 

Resolving all forces horizontally and taking their sum; 

H4P5Pcos606Pcos604P5P(0.5)6P(0.5) 

=4P – 2.5P– 3P=-1.5 P 
Resolvingall forces verticallyand takingtheirsum; 

V5Psin606Psin605P(0.866)6P(0.866) 

=4.33 P– 5.19 P =-0.86 
 

ResultantR=  



= 1.72P (magnitudeofR) 

 

Let x=perpendiculardistancebetweenpointBandthelineofactionofresultantforce Consider 

sum of moment of forces about point B and equating with zero. 
 

1.72Px5Psin60100433.012P x
433.012

251.75mm 
1.72 

Theresultant offorcesR isat a distanceof251.75mm frompoint B. (position ofR) 
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Que-1) A uniform wooden plank MN of length 5 m weighs 50 N. It is supported at end M at a 

point S, 1 m from the other end N. Determine the maximum weight W thatcan be placed 

attheend Nso that theplank does not topple. (Ans:75 N) 

Que-2)  For the followingsystem of forces determine the magnitude, direction and position of the 

resultantforce. (Ans: 22.19 kN, 68.940, 3.30 m) 

 

 

Varioustypesof supportsand theirreactions: 
 

Ball Support: Roller Support: 

 

 

 

 

 
HingedSupport: 

 

 

 

 

 
Built-in Support: 

 

 
 

 

 

 

*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*THEEND*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*# 

ASSIGNMENT 
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FRICTION  

Friction: 

Theamountofresistanceforcedevelopedbetweentwosurfacesofcontactwhenonebodymovesover another 

is called as friction. Force of friction is an opposing force which resists the motion of one body over 

another and it always acts in the direction opposite to the direction of applied force. 

Factorsinfluencingfriction: 

 Typeofmaterial 

 Roughnessofthesurfacesof contact 

 Weightofthe movingbody 

 Natureof motionofthe body 

Differenttypesof friction: 

 Onthebasis ofnatureof material frictioncan be classified asdryandfluidfriction. 

 Onthebasis ofstate ofrestor motionfriction canbeclassified asstatic anddynamicfriction. 

 Static friction: There is a limit of frictional force beyond which it can’t increase. When the 

applied force is less than this limiting friction, the body remains at rest and when the applied 

force is more than this limiting friction, the body comes in motion. This friction is called as 

static friction. 

 Dynamicfriction: It isthefriction experienced by a body, when thebodyis in motion. It is less 

than the static friction. Dynamic friction is further classified as: 

Slidingfriction:Itis thefrictionexperiencedbya body,whenitis slidingoveranother body. 

Rollingfriction:Itisthefrictionexperiencedbyabodywhenitisrollingoveranotherbody. 

 

Lawsof staticfriction: 

 Theforceoffrictionisdirectlyproportionaltonormalreactionandalwaysoppositein direction of 

motion. 

 Themagnitudeofthelimitingfriction(F)bearsaconstantratiotothenormalreaction(RN) between the 

two surfaces. i.e.F / RN = Constant 

 Theforceoffrictionis independentofthe areaofcontactbetweenthetwosurfaces. 

 Theforceof frictiondepends upon theroughnessorsmoothnessofthe body. 

 Theforceoffriction isindependentof slidingvelocity. 

Limitingfriction: 

Itisthemaximumvalueoffrictionalforceexperiencedbythebody,when thebodyjustbeginstoslide over the 

surface of another body. 

Coefficientof friction: 

Itistheratiobetweenthe limitingfriction (F)andthe normalreaction(RN).It isdenotedby‘’. 

i.e.= F/ RN 

 If Fis theforcenecessarytostart sliding,thenisknownas coefficientof static friction. 

 IfFistheforcenecessarytomaintainslidingofamovingbody,then isknownas 

coefficient of kinetic friction. 

 Coefficientofkinetic friction islessthanthecoefficientofstatic friction. 
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Angleofinclination: 

Itistheanglemadebytheinclinedplanewiththehorizontalplane. Itisdenotedby‘𝛂’. Limiting angle 

of friction: 

It is the angle between the resultant limiting friction and the normal reaction.It is the angle made 

bythe resultant of frictional force and normal reaction with normal reaction. It is denoted by ‘ Ø ’. 

We may write, tan Ø = 𝝁 = F / RN OR Ø=tan-1(𝝁) 

Angle of Repose: 

It is the maximum angle made by the inclined plane with the horizontal plane when a body starts 

moving without the application of force. The body begins to slide when the angle of inclination of the 

plane is equal to the angle of friction. i.e. 𝜇 = Ø. 

Equilibriumof abody onaroughhorizontal plane: 

Case – 1 

Considerabodyon aroughhorizontal planeas shown infigure. 
 

Let, W=weightofthe body 
µ=coefficientoffriction 

RN=normal reaction 
P=effort requiredto movethe body 

Forequilibrium the followingcondition mayconsider. 

∑𝐻=P – F=0 ⇒ P =F=µ RN --------------------- (i) 

∑𝑉=RN– W= 0 ⇒ RN= W ---------------- (ii) 

Replacingthevalue of RNin equation – (i)we get, 

P= µW 

 

Case – 2 

Considerabodyon aroughhorizontal planeas shown infigure. 

Let, W =weightofthe body RN=normal reaction 

µ=coefficientoffriction P=effort requiredto movethe body 
 

Forequilibrium the followingcondition mayconsider: 

 

∑𝐻=P cos𝜃– F=0 

⇒ P cos𝜃-µ RN=0 ---------------- (i) 

∑𝑉=RN+P sin𝜃– W=0 

⇒ RN=W– Psin𝜃 ----------------- (ii) 

ReplacingthevalueofRNinequation–(i)weget, P 

cos𝜃 - µ RN = 0 

⇒ P cos𝜃-µ (W– P sin𝜃) =0 

⇒ Pcos𝜃-µW+µP sin𝜃=0 

⇒ Pcos𝜃+µP sin𝜃=µW 

⇒ P(cos𝜃+ µsin𝜃)=µW 

∴ P= μ𝖶--------------------------- 
(iii) 

cos𝜃+μsin𝜃 

  

 

 

 

 

 

 

 

 

Replacing the value ofµ 

=tanØ =sinØwe get: 
cosØ 

P=𝖶sin∅ -------------------------------- 
(iv)

 
cos(𝜃+∅) 

When𝜃=Ø,P willbe minimum 

i.e. Pmin=𝖶sinØ 
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Equilibriumof abodyonaroughinclined plane: 

Case – 1 

Considerabodymovinguptheinclinedplanewhichisinclinedwithanangle‘α’withthehorizontal plane. 

Consider P is the effort applied parallel to the inclined plane. 

When the bodyslides downward: 
 

Let, W=weightofthe body α=angle of inclination  

 Ø=limitingangleoffriction P=effortrequired RN=normal reaction 

Resolvingalltheforcesperpendiculartheplane, RN 

= W cos α ------------------------ (i) 

Resolvingtheforcesparalleltotheplane, P 

= W sin α - 𝜇 RN ---------------------------- (ii) 

PuttingthevalueofRNinequation-(ii),weget P = 

W sin α - 𝜇 W cos α 

⇒ 

Replacingthevalue,𝜇=
sin∅

 
cos∅ 

sin ∅ 

- --------- (iii) 

, we get 

⇒ P=W(sin α- 
cos∅ 

×cos α) 

=W(
sin𝝰.cos∅−sin∅.cos𝝰

)
 

cos∅ 

⇒ 
 
- --------- (iv) 

 

Whenthebodymovingup: 
 

Let, W=weightofthe body α=angle of inclination  

 Ø=limitingangleoffriction P=effortrequired RN=normal reaction 

Resolvingalltheforcesperpendiculartheplane, RN 

= W cos α ---------------------------------- (i) 

Resolving the forces parallel to the plane,P 

= W sin α + 𝜇 RN ---------------------------------------------(ii) 

PuttingthevalueofRNinequation-(ii),weget P = 

W sin α + 𝜇 W cos α 

⇒ 

Replacingthevalue,𝜇=
sin∅

 
cos∅ 

sin ∅ 

- --------- (iii) 

we get 

⇒ P=W(sin α+ 

W(
sin𝝰.cos∅+sin∅.cos𝝰 

cos∅ 

⇒ 

cos∅ 
×cos α)= 

 

 

- --------- (iv) 

P= W(sin α +𝝁cos α) 

P= W(sin α -𝝁cos α) 

P= 
𝖶sin(𝛂−∅) 

cos∅ 

 

P= 
𝖶sin(𝛂+∅) 

cos∅ 
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Case – 2 

Considerabodymovinguptheinclinedplanewhichisinclinedwithanangle‘α’withthehorizontal plane. 

Consider P is the effort applied parallel to the horizontal plane. 

When the bodyslides downward: 

Let, W=weightofthe body α= angleof inclination 

Ø=limitingangleoffriction P=effortrequired RN=normal reaction 
 

Resolvingalltheforcesperpendicularthe plane, 
 

RN=Wcos α+P sin α --------------- (i) 

Resolvingtheforces paralleltothe plane, 

 

Pcos α=Wsinα-𝜇RN---------------------------- (ii) 

Puttingthe valueofRNinequation-(ii), weget 

 

Pcos α=Wsinα- 𝜇(W cosα+P sin α) 

= Wsinα - 𝜇Wcosα -𝜇Psinα 

⇒ P cosα+𝜇P sinα= Wsinα -𝜇Wcos 

⇒ P (cos α+𝜇sinα)=W(sin α-𝜇cos α) 

sin 𝛂−𝝁cos 𝛂 
⇒ P= W × (iii) 

 

cos𝛂+ 𝝁sin𝛂 
sin ∅ 

Replacingthevalue,𝜇= 
cos∅ 

sin∅ 
sin𝘢− .cos𝘢 

⇒ P = W × 
 cos∅  

sin∅ 
cos𝘢+ .sin𝘢 

cos∅ 

 

 
 

⇒ P=W ×(
sin 𝝰.cos∅−sin∅.cos𝝰

)
 

cos𝝰.cos∅+sin𝝰sin∅ 

 

⇒ P=
Wsin(𝝰−∅)cos (𝝰 

− ∅) 

 

⇒ P=Wtan(𝛂−∅ ) 

 

orW tan(∅−𝛂) (iv) 

When the bodymovesup: 
 

Let, W=weightofthe body α=angle of inclination  

 Ø=limitingangleoffriction P=effortrequired RN=normal reaction 
 

Resolvingalltheforcesperpendiculartheplane, RN 

= W cos α + P sin α  (i) 

Resolvingtheforces paralleltothe plane, 

P cos α = W sin α + 𝜇 RN  (ii) 

Puttingthe valueofRNinequation-(ii), weget: 

 

Pcos α=Wsinα+𝜇(W cos α+P sin α) 

=Wsinα + 𝜇Wcosα +𝜇Psinα 

⇒Pcosα -𝜇Psinα= Wsinα +𝜇Wcos α 

⇒P (cos α-𝜇sin α)= W(sin α+𝜇cos α) 

sin 𝛂+𝝁cos𝛂 
⇒P=W × (iii) 

cos𝛂−𝝁sin 𝛂 
sin ∅ 

Replacingthevalue,𝜇= we get: 
cos∅ 

sin∅ 
sin 𝘢+ .cos𝘢 

⇒P = W × 
 cos∅  

sin∅ 
cos𝘢− .sin𝘢 

cos∅ 

 

 
 

 

⇒P=W×(
sin 𝝰.cos∅+sin∅.cos𝝰

)
 

cos𝝰.cos∅−sin𝝰sin∅ 

 

⇒P=
Wsin(𝝰+∅) 

cos(𝝰+∅) 

 

⇒P=W tan(𝛂 +∅)  (iv) 
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PRACTICEQUESTIONS 

Problem-1: Abodyweighing20kNrestingonaroughhorizontalplanecanjustbemovedbyahorizontal force of 5 

kN. Determine the coefficient of friction and total reaction. 

Problem-2: Abodyofweight300Nislyingonaroughhorizontalplanehavingacoefficientoffrictionas 

0.3.Findthemagnitudeofforce,whichcanmovethebody;whileactingatanangleof250with the 
horizontal. 

Problem-3: Abodyrestingonahorizontalplanecanbemovedslowlyalongtheplanebyahorizontalforce of 10 kN. 

A force of 9 kN inclined at 300 to the horizontal direction will suffice to move the block along 
the same direction. Determine the coefficient of friction and weight of the body. 

Problem-4: Abodyrestingonaroughhorizontalplanerequiredapullof180Ninclinedat30ototheplane just to 
move it. It was found that a push of 220 N inclined at 30o to the plane just moved the body. 
Determine the weight of the body and coefficient of friction. 

Problem-5: A body of weight 500 N is laying on a rough plane inclined at an angle of 250 with the 
horizontal.It is supported byan effort Pparallel tothe inclined plane. Determine the maximum 
and minimum values of force P for which the equilibrium can exist, if the angle of friction is 
200. 

Problem-6: An object of weight 100 N is kept in position on a plane inclined 250 to the horizontal by a 

horizontallyappliedforce.Ifthecoefficientoffrictionofthesurfaceoftheinclinedplaneis 0.25, 

determine the maximum and minimum magnitude of force for which equilibrium can 
exists. 

Problem-7:Aforce of150Nisappliedjust tomoveabodyupaninclinedplaneofangle100paralleltothe plane. When 

the angleofinclinationofthe plane is increasedto 300,theforcerequired parallel to the plane 
becomes 300 N. What is the weight of the body and coefficient of friction? 

Problem-8: What is the value of P in the systemshown in figure tocause the motion of a 500N block to 

rightside?Assumethepulleyissmoothandthecoefficientoffriction betweenothercontact 

surfaces is 0.20. 
 

 

 

Ladder friction: 

A ladder is supported at its two ends where friction plays an important role. Consider a ladder 

ABwhoseoneend(A)issupportedonground/floorandtheotherend(B)issupportedonwall as shown 

in figure. 

Let, W = weight of the ladder AB=lengthofladder=l RA 

= reaction force at A. RB = reaction force at B. 

FA = friction at the end A between the floor and ladder. 

FB=frictionatthe endBbetweenthe wallandladder. 

𝜇A=coefficient offrictionbetween floor and ladder. 

𝜇B=coefficient of frictionbetween wall and ladder. 

Forequilibriumofladder thesum ofhorizontalforcesandsum ofverticalforcesmustbe zero. 
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(3.25)2(1.25)2 

FA=𝜇ARA 

Considering∑H =0, we get 

 

FA=𝜇ARA=RB ----------------------------------- (1) 

 

Considering∑ V=0,weget RA 

+ FB = W 

⇒RA+𝜇BRB=W ----------------- (2) 

 

 

 

 

Problem-1: A uniform ladderoflength3.25 m and weighing 250 N is placed against a smoothvertical wall 

with its lower end 1.25m from the wall. The coefficient of friction between the ladder and floor 

is0.3.Whatisthefrictionalforceactingontheladderatthepointofcontactbetweentheladder and the 

floor? Show that the ladder will remain in equilibrium in this position. 

Solution: DataGiven: 

Length of ladder (l) = 3.25 m 

Weightof ladder (W) =250 N 

AC=distancebetweenlowerend ofladderand wall 

=1.25m 

Coefficientoffrictionbetweenladderandfloor atA 

=𝜇A=0.3 

LetFA=frictionalforceatA= 𝜇ARA RA = 

normal reaction at A 

There is no friction between ladder and wall at B. 

Resolvingtheforcesverticallyandequatingthesum to 

zero we get:RA = W = 250 N 

Fromfigure:BC= =3m 

Takingmomentabout Bandequatingthesumofmomentstozeroweget: 

(FA3)(2500.625)(RA1.25)0 

FA 
2501.252500.625

52.1N
 

3 
(ANS) 

We knowthat:FA=𝜇ARA=0.3× 250=75N 

∴ Astheforceoffrictionavailablei.e.75Nismorethantheforceoffrictionrequired to keep 

the ladder in equilibrium, thus the ladder will remain in equilibrium. 
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A 

A AA 

A 

A 

A 

Problem-2: A ladder 5 meters long reston a horizontal ground and leans against asmoothvertical wall at 

an angle 700 with the horizontal. The weight of the ladder is 900 N and acts at itsmiddle. The 

ladderisatthepointofsliding,whenamanweighing750N standsontherung1.5meterfrom the bottom 

of the ladder. Calculate the coefficient of friction between the ladder and the floor. 

Solution: DateGiven: 

Length of ladder AB (l) = 5 m 

Weightofladder(W1)=900N Weight 

of man (W2) = 700 N 

Distancebetweenlowerendofladderandthepoint 

where the man stands = 1.5m 

Let: 

Coefficientoffrictionbetweenladderandfloor atA 

=𝜇A 

FrictionalforceatA(FA)=𝜇ARA Normal 

reaction at A = RA 

Thereisnofrictionbetween ladderandwallatB. 

 
Resolvingtheforcesverticallyandequatingthesumofforceswithzeroweget: 

RA9007501650N 
 

ForceoffrictionatA=FAARA1650A - ------- (1) 

TakingthemomentaboutBandequatingthesumofmomentswithzeroweget: 

R5sin200F5cos2009002.5sin2007503.5sin2000 

 RA 5sin200F 5cos2009002.5sin2007503.5sin200 

 

 R5sin200R5cos2009002.5sin2007503.5sin200 

 16505sin20016505cos2009002.5sin2007503.5sin200 

 

 16505cos20016505sin2009002.5sin2007503.5sin200 
 





Wedgefriction: 

 
16505sin2009005sin2007503.5sin200 

A 16505cos200 

 

= 0.15 (ANS) 

A wedge is a triangular or trapezoidal cross section element 

madeupofmetalorwood.Itisused forliftingheavy loads, for 

tightening fits or keys of shaft etc. 

When lifting loads, wedge is placed below the load and a 

horizontal force P is applied. The wedge moves towards left 

and the load moves upward. 

In figure the position of wedge and load is shown. There is a 

sliding at the surfaces AB, AC and ED. 

A 
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1 

Infiguretheforcesactingonthewedgeandthebodyare shown. 

 

In figure: 

 

W=weight of the bodyDEFG 

P=forcerequiredto liftthebody 

𝜇=coefficient of frictionon theplanesAB, ACand DE 

=tanØ 
R1=resultantofnormalreactionandforceoffrictionatthe 

inclined plane AB 

R2=resultantofnormalreactionandforceoffrictionatthe 

horizontal plane AC 

F1 = frictional force at the inclined planeAB 

F2=frictionalforceatthehorizontalplaneAC 

 

 

Problem-3: Ablockweighing1500N,overlyinga100wedgeonahorizontalfloorandleaning 

againstaverticalwallistoberaisedbyapplyingahorizontalforcetothewedge. Assuming the 

coefficient of friction between all the surfaces in contact to be 0.3, determine the 

minimum horizontal force required to raise the block. 
 

Solution:  

 

Data Given: 

Weightofblock(W)=1500N Angleof 

the wedge (𝛼) = 100 

Coefficient of friction at all contact surfaces (𝜇) 
=0.3 

LetP=minimumhorizontalforcerequiredtoraise the 

load 

ThebodyDEFGisinequilibriumbytheforces: 

W=1500N,reaction R1 atDEand reactionR2atDG 

 

𝜇=tanØ=0.3 ⇒ Ø=tan-1(0.3)=16.70 
 

Resolvingtheforceshorizontally: Rcos(16.70)R sin(10016.70)R sin(26.70) 
 

R10.9578R20.4493 

Resolvingtheforcesvertically: 

R22.132R1 

Rsin(16.70)1500Rcos(10016.70)R cos(26.70) 
1 2 2 

 

R10.28741500R20.0.8934 

R10.28741500(2.132R1)0.0.89341.905R1 

R1(1.9050.2874)1500 

R1
1500 

 
 

1.6176 
927.3N 

and R22.132R12.132927.31977N 

2 2 
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3 

Consider the equilibrium of the wedge. The free body 

diagram is shown in figure. 

The wedge is in equilibrium by the forces: reaction R2of 

the block on the wedge, force P acting horizontally and 

reaction R3 on the face AC. 
 

 

 

Resolvingtheforcesvertically: Rcos16.70R cos(10016.70)R cos26.70 

R30.9578R20.893419770.89341766.2 

R3 


1766.2
1844N 

0.9578 

Resolvingtheforceshorizontally: 
 

PR2sin(1016.7)Rsin16.71977sin(26.7)1844sin16.7 
0 0 0 0 0 

 
 

(Ans) 
P(19770.4493)(18440.2874)1418.3N 

 

 

PRACTICEQUESTIONS 

Que-1)Auniformladderoflength6mandweighing100Niskeptagainstasmoothverticalwallwith its lower 

end 5m away from the wall. If the ladder is about to slip, find (i) the coefficient of friction 

between the ladder and the floor, (ii) the frictional force acting on the ladder at the point of 

contact between the ladder and the floor. 

Que-2)Auniformladder of4m lengthrestsagainstaverticalwall withwhichitmakesanangle of 

45
0
. If the coefficient of friction between the ladder and the wall is 0.4 and that between the 

ladderandtheflooris0.5. Ifaman,whoseweightisone-halfofthatofladder,ascendsit,how 

highwillitbewhenthe ladder slips? 

Que-3)Aladderoflength4mweighing200Nis placedagainstaverticalwallandmakesan angle of 

600withhorizontalfloor.Thecoefficientoffrictionbetweenthewallandtheladderis0.2and 

thatbetweenthefloorandtheladderis0.3.Theladderalsosupportsaman weighing600Nat 

adistance3mfrombottomofladder.Calculatetheminimumhorizontalforcetobeappliedat the 

bottom of ladder to prevent slipping. 

3 

2 2 
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CENTREOFGRAVITY&MOMENTOFINERTIA 
 

 

Centroid: 

Centroidof an areais that pointat which thetotal areaof the bodyis assumed to act. 

CentreofGravity: 

Centreofgravityofabodyis that pointat which thetotal weight of the bodyis assumedto act. 

Centroidofgeometrical figures: 
 

Sl.No. Geometricalfigure CenroidatO Sl.No. Geometricalfigure Cenroid atO 

 

 

1 

Rectangle: 
 

 

 

 
 

X=b/2 
 

Y= d/2 

 

 

5 

Semicircle: 

 

 

 
 

X=d/2 
 

Y=(4r/3π) 

from base 

 

 

2 

Triangle: 
 

 

 
 

X=b/2 
 

Y = h/3 
(frombase) 

2h/3 

(fromapex) 

 

 

6 

Cone: 
 

 

 
 

X =d/2 

Y = h/4 

fromthe 

base 

 

 

3 

Circle: 
 

 

 
 

X=d/2 
 

Y= d/2 

 

 

7 

Hemisphere: 

 

Centroid‘G’ 

is at a 

distance 

(3r/8) from 

its base 

 

 

4 

Trapezium: 
 

 

 
 

X=b/2 
 

Y=
ℎ
(

𝑏+2𝑎
)
 

3𝑏+𝑎 

frombase 

 

 

8 

Circular sector: 
 

 
 

Centroid‘G’ 

is at a 

distance 

(
2
𝑟

𝑠𝑖𝑛𝛼
)
 

3 𝛼 

fromthe 
centre 

 

Axisofreference: 

These are the reference axis about which the location of Centre of gravity is calculated. For plane 

figuresthelowestlineis considered asreferenceaxistodetermine‘ 𝑦̅’andtheleftlineisconsideredas the 

reference axis to determine ‘𝑥̅̅’. 
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Centroidofarectangularlamina: 
 

Considerarectangularlaminaofwidth‘b’anddepth‘d’as shown 

in figure. 

Letw=weightperunit area 

𝑥̅̅=distanceofC.GofareafromY-axis 

𝑦̅= distance of C.G of area from X-axis 

Area of rectangle = b× d 

Consideranelementarystripofsmallthickness‘dy’ata distance 

‘y’ from the base (X-axis) as shown in figure. 

 

Areaof thestrip = b×dy 

 

Momentof this areaabout X-axis = b× dy× y 

 

Thealgebraicsumofthemomentsofallsuchelementary area 

about X-axis = ∫
𝑑
(b × y × dy) 

0 

 

Momentof totalareaWabout X-axis= b× d× 𝑦̅ 

 

 

According to law of moments: 

b× d× 𝑦̅=∫
𝑑
(b×y×dy) 

0 
𝑑 

⇒ b× d× 𝑦̅=b×∫0
(y×dy) 

⇒ d× 𝑦̅=∫
𝑑
(y×dy)=]

𝑦
]
𝑑

=
𝑑

 
2 2 

  

0 20 2 

⇒ 𝑦̅=𝑑 
2 

Similarlywecan get:𝑥̅̅=𝑏 
2 

∴centroidofrectangularlaminais 

(𝑏,𝑑) 
22 

Centroidof asquare lamina: 

CentroidofasquarelaminacanbeobtainedsimilartoCentroidofrectangularlamina. If the 

sides of a square lamina is ‘a’, then its Centroid is given by (𝑎, 𝑎) 
22 

 

Centroidofacircularlamina: 

Consideracircularlaminaofcentre‘O’andradius‘R’as 

shown in figure. 

ConsideranypointP and Qon itscircumferencesuchthat 

∠𝑋𝑂𝑃=𝜃&∠𝑃𝑂𝑄=d𝜃 
AssumePandQarecloserandPQisastraightlinesuch that 

OPQ may be a triangle. 

LetG1is theC.G ofelementarystrip OPQ. 

OG1=2OP=2R 
3 3 

1
 

Perpendiculardistanceofthe pointG1from theaxis XOX 

=2Rsin𝜃 
3 

1
 

Perpendiculardistanceofthe pointG1from theaxis YOY 

=2Rcos𝜃 
3 

 
AreaofelementarystripOPQ=1×OP×OQ=1×R ×R.d𝜃= 1×R2.d𝜃 

2 2 2 

Momentof thisarea aboutaxisY1OY=1×R2.d𝜃×
2
Rcos𝜃=1×R3.cos𝜃.d𝜃 

2 3 3 

ThealgebraicsumofthemomentsofallsuchelementaryareaaboutaxisY1OY 



32  

=∫
2𝜋

(
1 ×R3.cos𝜃.d𝜃) =1×R3.∫

2𝜋
(cos𝜃.d𝜃)------------ (1) 

0 3 3 0 

Totalareaofthecircularlamina =πR2 

LetGbetheC.Gofthecircularlaminawhichisatadistance 𝑥̅̅and𝑦̅ fromY1OYandX1OXaxis respectively. 

MomentoftotalareaaboutY1OYaxis=πR2× 𝑥̅̅ ------------------ (2) 

Equating1 and2 weget: πR2× 𝑥̅̅=
1
×R3.∫

2𝜋
(cos𝜃.d𝜃) 

3 0 

⇒ π.𝑥̅̅=
1
×R∫

2𝜋
(cos 𝜃.d 𝜃)=1×R× ]𝑠𝑖𝑛𝜃]2𝜋

 
3 0 3 0 

 

 

 
Similarly:𝑦̅ =0 

 
 ⇒ 𝑥̅̅ 

=
𝑅3
𝜋 

(sin2π-0) = 0 

∴Thecentroid of circular lamina liesatits centre. 

Centroidofatriangular lamina: 
 

ConsideratriangularlaminaABCofbase‘b’andheight‘h’. 

Consider an elementary strip of very small thickness ‘dy’ 

parallel to its base at a distance ‘y’ from its base BC. 

Letb1=width of theelementarystrip 

w=weightper unit areaof the lamina 

dA =area of theelementarystrip =b1×dy 

Fromthetwosimilartriangles ADEandABCwe get: 
𝑏1

=
ℎ−𝑦 

⇒ 𝑏=
𝑏(ℎ−𝑦) 

𝑏 ℎ 1 ℎ 

areaofelementarystrip=𝑏(ℎ−𝑦)×dy 
ℎ 

Momentof elementaryareaabout baseBC 

=
𝑏(ℎ−𝑦)

× dy× y
 

ℎ 

 

Algebraicsumofthemomentsofallsuchelementaryarea 

about base BC = ∫
ℎ
(

𝑏(ℎ−𝑦)
× dy× y) --------- (1) 

0 ℎ 

 

AreaofthetriangleABC=1bh 
2 

Moment ofareaaboutbaseBC=1bh × 𝑦̅ ---------- (2) 
2 

 

 

 

Equating1&2 we get; 
1bh× 𝑦̅=∫

ℎ
(

𝑏(ℎ−𝑦)
×dy×y) 

2 0 ℎ 
2 

=∫
ℎ
(by−

𝑏𝑦
)×dy 

0 ℎ 
2 

⇒ 
1
bh× 𝑦̅=b∫

ℎ
(y−

𝑦
)×dy 

2 0 ℎ 
2 

⇒ 
1
h× 𝑦̅=∫

ℎ 
y.dy-∫

ℎ𝑦
×dy 

2 0 0ℎ 

=]
𝑦2

]
ℎ

-1× ]
𝑦3

]
ℎ

 
20 ℎ 30 
2 3 2 

=
ℎ
-

ℎ 
=

ℎ 

2 3 6 

⇒ 
1
h× 𝑦̅=ℎ

2 

⇒𝑦̅=ℎ 
2 6 3 

 

∴Centroid oftriangularlaminaisℎ 
3 

fromitsbaseand2ℎfromitsapex. 
3 
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Centroidof asemicircularlamina: 
 

Considerasemicircularlaminaofradius‘r’asshown in 

figure. 

ConsidertheelementaryareaOPQsuch that 

∠𝑃𝑂𝑄=d𝜃 and ∠𝐵𝑂𝑃=𝜃 

AreaofOPQ=1r2d𝜃 
2 

Distanceofcentroidof the elementaryarea is2r 
3 

from‘O’.Height ofcentroid oftheelementaryarea 

above AB=2rsin𝜃 
3 

 

Momentoftheelementaryarea about AB 

=1r2d𝜃× 2rsin𝜃=1r3sin𝜃d𝜃 
2 3 3 

 

Momentofwhole areaabout AB 

=∫
𝜋
(

1
r3sin𝜃.d𝜃)=

1
r3∫

𝜋
(sin𝜃.d𝜃) 

0 3 3 0 

=1r3]−𝑐𝑜𝑠𝜃]
𝜋

=1r3[-cosπ+cos0] 
3 0 3 

=2r3 ------------------------------------- 
(1) 

3 

 

 

Let 𝑦̅=heightof centroid aboveAB 
2 

Areaof thesemicircle =𝜋𝑟 
2 

2 

MomentaboutAB=𝜋𝑟×𝑦̅-------------------- (2) 
2 

From1and 2weget: 
2 

⇒ 
𝜋𝑟

×𝑦̅=2r3 ⇒ 𝑦̅=4𝑟 
2 3 3𝜋 

∴Thecentroid of thesemicircularlaminais 

atadistance4𝑟fromitsbasetakenon 
3𝜋 

Y-Yaxis. 

 

Cenroid of composite 

figuresProblem-1: Findthecentroidofa100mm×150mm×30mmT-

section. Solution: 

ThissectionissymmetricalaboutY-Yaxis,sotheC.G of 

this section will lie on this axis. 

ConsiderABCHandDEFGastworectanglesandFE as the 

reference axis. 

RectangleABCH: 

Area (a1) =100× 30 =3000mm2 

DistanceofC.GofthisrectanglefromFE= y1 = 

135 mm 

RectangleDEFG: 

Area (a2) =120× 30 =3600mm2 

DistanceofC.GofthisrectanglefromFE= y2 = 

60 mm 

∴ distanceofC.GofthesectionfromFE = 

 

y 
a1y1a2 y2

(3000135)(360060)
94.1mm 

a1a2

 3000  3600 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ANS) 
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Problem-2: Findthecentroidof achannelsection 100 mm×50 mm×15 mm. 

Solution: 
 

ThissectionissymmetricalaboutX-Xaxis,sotheC.G of 

this section will lie on this axis. 

ConsiderABFJ,EGKJandCDHKasthreerectangles and 

AC as the reference axis. 

RectangleABFJ: 

Area (a1) =50× 15 =750mm2 

DistanceofC.GofthisrectanglefromAC=y1=25 mm 

RectangleEGKJ: 

Area (a2) =70× 15 =1050mm2 

DistanceofC.Gofthis rectanglefromAC=y2= 7.5 mm 

RectangleCDHK: 

Area (a2) =50× 15 =750mm2 

DistanceofC.GofthisrectanglefromAC=y3=25 mm 

 

∴ distanceof C.Gofthesection fromAC = 

x
a1x1a2x2a3x3 

a1a2a3 


(75025)(10507.5)(75025)

17.8mm
 

7501050750 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ANS) 

 

Problem-3: AnI-sectionhasthefollowingdimensionsinmm: 

Bottomflange=300 ×100;Topflange=150 ×50;Web=300×50 Determine 

the position of C.G of the I-section. 

Solution: 

ThissectionissymmetricalaboutY-Yaxis,sotheC.G of this 

section will lie on this axis. 

Consider the bottom flange, web and the top flange as 

threerectanglesandbottomofthebottomflangeABas the 

reference axis. 

Bottom flange: 

Area (a1)=300× 100=30000mm2 

DistanceofC.GofthisrectanglefromAB= y1 = 

50 mm 

Web: 

Area (a2) =300× 50 =15000mm2 

DistanceofC.GofthisrectanglefromAB= y2 = 

250 mm 

Top flange: 

Area (a2) =150× 50 =7500mm2 

DistanceofC.GofthisrectanglefromAB= y3 = 

425 mm 
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∴ distanceofC.G ofthesection from AB= 

y
a1y1a2y2a3y3 

a1a2a3 


(3000050)(15000250)(7500425) 

30000150007500 

160.7mm 

 

 

 

 

 
(ANS) 

 

 

Problem-4: Findthecentroidof anunequal anglesection 100mm ×80 mm×20 mm. 

Solution: 

Thissection isnot symmetrical aboutanyaxis. Sowe 

havetodetermineboth 
 

 

xand 
 

 

yonconsidering two 

referenceaxisABandBC respectively. 

ThisL-sectionmaybesplitintotworectanglesas 

rectangle-1 and rectangle-2. 

 

Rectangle-1: 

Area (A1) =100× 20 =2000mm2 

Distance of C.G ofthis rectangle from AB (x1) =10mm 

DistanceofC.GofthisrectanglefromBC(y2)=50mm 
 

Rectangle-2: 

Area (A2) =60 ×20=1200 mm2 

DistanceofC.GofthisrectanglefromAB(x2)=50mm 

Distance ofC.G of thisrectangle from BC(y2) = 10 mm 

 

∴ distanceof C.G ofthesection from AB= 

 

 

 

 

 

 

x
a1x1a2x2 

a1a2 


(200010)(120050)

25mm
 

20001200 
 

 

∴ distanceofC.GofthesectionfromBC = 

 



y
a1y1a2y2 

a1a2 

(200050)(120010) 

20001200 

 

 

 

35mm 

 

 

 

(ANS) 
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MOMENTOFINERTIA: 

Momentofinertiaofaplaneareaisthemomentoffirstmomentofarea. It isknownassecond moment of 

inertia. 

M.I ofplanelamina: 

Consideraplanelaminawhosemomentofinertiais 

required about X-X axis and Y-Y axis. 

Considerastripin the planefigureasshown in figure. 

Let: dA=areaof the strip 

x=distanceofC.GofthestriponX-Xaxis 

y=distanceof C.G ofthe strip on Y-Yaxis 

M.IofthestripaboutY-Y axis=dA.x2 

M.Iofthewholeareacanbeobtainedbyintegratingthe above 

expression. We may get: 

IYY=dA.x2 and IXX=dA.x2 

 

Perpendicularaxis theorem: 

Itstatesthat,‘thesumofmomentofinertiaofanareaabouttwomutuallyperpendicularand co-

planar axes is equal to the moment of inertia of the area about an axis which is 

perpendicular to both the above axes’. 

Proof: 
 

Consider a small lamina P of area ‘da’ at a distance ‘x’ 

formOY–axisand‘y’formOX-axisasshowninfigure. OX 

and OY are the two mutually perpendicular axes. 

Let,OZaxisisperpendiculartoOXandOYand‘r’is the 

distance of the lamina from this axis. 

From geometry:r2 =x2 + y2 ------------------------ 
(1) 

MomentofinertiaofthelaminaPaboutX-Xaxis= 

MomentofinertiaofthelaminaPaboutY-Yaxis= IYY = 

da.x2 

MomentofinertiaofthelaminaPaboutZ-Zaxis= IZZ = 

da.r2 

Fromequation-1weget: 

r2=x2+y2 ⇒da.r2=da.x2+da.y2 

∴IZZ= IXX+ IYY 

 

 

 

 

 

 

 

 

IXX=da.y2 

IYY=da.x2 

 

Parallelaxis theorem: 

It states that, ‘the moment of inertia of an area about a non-centroidal axis is equal to the 

moment of inertia of the area about its centroidal axis which is parallel to the non-centroidal 

axisplustheproductofthemagnitudeoftheareaandthesquareofthedistanceoftheC.Gof the area 

from the given axis’. 
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G G 

d 





Proof:  

 

Considerastripofcircle,whosemomentofinertiais 

required about a line AB as shown in figure. 

LineABisparalleltotheaxispassingthroughtheC.Gof the 

circle. 

 

Let,𝛿a = area ofthesmallstrip 
y=distanceofstripfromthecentreofgravity h = 

distance between centre of gravity of the 

section 

andthe axis AB 

MomentofinertiaofthewholesectionabouttheaxisX- 

Xpassing through the C.G of the section (IG)=a.y2 

Moment of inertia of the section about the axis AB 

IAB=a.(hy)2=a(h2y22hy) 

=h2ay2a2hy.a 

=ah2I 0=I ah2 

 

 

M.Iof rectangularsection: 

ConsiderarectangularsectionABCDofwidth‘b’and depth 

‘d’ as shown in figure. 

ConsiderastripPQofthickness‘dy’atadistance‘y’ from 

the X-X axis. 

Areaof thestrip = b.dy 
Momentof inertiaof thestrip aboutX-X axis= area × 
y2 

 

y2.dy 
=(b.dy)× y2=b. 

M.Iofthewhole section canbe obtainedbyintegrating 

theaboveexpressionfrom
d
to

d
 

2 

 
d 


d 

2 2 
2 2 

2 

y3


2 

IXX=b.y .dy=by .dy=b 


d 

2 

d3 

 
d
2 

d3

3d 

2 

(2
) ( ) 2 bd3 

=b



 
3 3 

 
db3 


12 



Similarly:IYY= 
12 


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M.Iofhollowrectangularsection: 

ConsiderahollowrectangularsectionABCDasthemainsection and 

EFGH as the cut out section as shown in figure. 

Let: b=breadthofouterrectangle d 

= depth of outer rectangle 

b1=breadthofcutoutrectangle d1 = 

depth of cut out rectangle 

M.Iof theouter rectangleABCDabout X-Xaxis= 
bd3 

 
 

12 

bd3 
M.Iof thecut out rectangle EFGHabout X-Xaxis= 11 

12 

∴M.Iof hollow rectangularsection about X-X axis= 

bd3 

12 

b d3 

11 

12 

 

 
db3 

 

 
db3 

∴M.Iof hollow rectangularsection about Y-Y axis= 
12 

11 

12 

M.Iof circularsection: 

ConsideracircleABCDofradius‘r’withcentre‘o’. X-X 

and Y-Y are the two axis of reference. 

Consideraelementaryringofradius‘x’andthickness‘dx’as shown 

in figure. 

Areaof thering(da) = 2πx.dx 

M.IoftheringaboutX-Xaxis orY-Yaxis= 

area×(distance)2=2πx.dx×x2=2πx3.dx 
M.Iofthewholesectioncanbeobtainedbyintegratingthe above 

expression from zero to ‘r’ 
r r x4

r 

 
IZZ= 2x3.dx2x

3.dx2  r4= d4 

0 0 40 
2 32 

Accordingto perpendicularaxistheoremIZZ= IXX+IYY 

 I I 
IZZ 


1




d4

 d4


r4 

XX YY 
    

2 2 32 64 4 

 

M.Iofhollowcircularsection: 

Considerahollowcircularsectionasshowninfigure. 

Let: D=diameter of the main circle 

d=diameterofthe cut out circle 

M.Iof themain circleabout X-Xaxis= 


D
4 

64 

M.Iof thecutout circle aboutX-X axis= 


d
4 

64 
M.Iof thehollowcircular section aboutX-Xor Y-Y 

axis(IXX) or(IYY) = 


D
4



64 64 
d4


(D4d4) 64 
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M.Iofsemicircularsection: 

ConsiderasemicircularsectionABCofradius‘r’andcentre‘O’as shown 

in figure. 

M.IofthesemicircularsectionaboutthebaseACisequaltohalfof the M.I 

of the circular section. 

 

M.Iof thesection AC =IAC= 
1


d4


d4


r40.393r4 

2 64 128 8  

r2 
Areaofthesemicircularsection (a)= 

2 

Distancebetween C.Gofthesection andthe base AC (h)=
4r

 

3
M.Iof thesection aboutX-X axis passingthrough itsC.G 

  r2
4r

2
= IG= IACah2 r 4  



8  2 3

=


r4
8 r40.11r4 

 
 


8 

 

9 






M.Iof triangular section: 
 

ConsideratriangularsectionABCofbase‘b’and height 

‘h’ as shown in figure. 

ConsiderasmallstripPQofthickness‘dx’ata distance ‘x’ 

from A. 

Fromgeometry:APQandABCaretwosimilar triangles. 

PQ


x 
 PQ

BCx


bx BC h

   h h 

Area ofthe stripPQ=
bx
dx 

h 

M.Iof thestrip about thebaseBC=area×(distance)2 

= 

bx
dx(hx)2

bx
(hx)2dx h h 

M.Iofthewholesectioncanbeobtainedbyintegrating the 

above expression from zero to ‘h’. 
h bx bh 

IBC= (hx)2dx x(h2x22hx) 
0h h0 

b
h 

= (xh2x32hx2)dx= 
h0 

b x2h2 x4 2hx3
h 

bh3 

h
 

2 


4
 

3


12 
 0 

ThisistheexpressionforM.Ioftriangularsection about its 

base. 

 

 

 

DistanceofC.Gofthesectionfromthe base 

BC = (d/2) 

M.Iofthetriangularsectionaboutanaxis 

through its C.G (X-X axis) = IG = IBC – 

ad2 

= 

bh3 bhh
2 

bh3
 

  
12 23 36 
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M.Iofcompositefigures: 

 

 
Problem-1: FindtheM.IofaT-section with flangeas150 mm × 50 mm and web as 

150mm×50mmaboutX-XaxisandY-Yaxisthroughthecentreofgravityofthe section. 

Solution: 

C.G ofthe section: 

Thissectionis symmetricalaboutY-Yaxis,so the 

C.Gofthissectionwilllieonthisaxis.Consider 

rectangle-1 and 2 as shown in figure. 

 

Rectangle-1: 

Area (a1) =150× 50 =7500mm2 

y1=175mm Rectangle 

-2: 

Area (a2) =150× 50 =7500mm2 

y2 =60mm 

 

∴ distanceof C.Gofthesectionfrom bottom oftheWeb = 
 

y
a1y1a2y2 

a1a2 

M.Iabout X-Xaxis: 


(7500175)(750075)

125mm 
7500  7500 

M.Iof rectangle-1aboutan axis passingthrough its C.Gand parallel toX-Xaxis =IG1 
 

150503 
= 

12 
1.5625106 mm4 

Distance betweenC.Gofrectangle-1fromX-Xaxis=h117512550mm 

M.Iof rectangle-1about X-Xaxis = 
I ah2(1.5625106)(7500502)20.3125106mm4 - ------------(1) 

G1 11 

M.Iof rectangle-2aboutanaxis passingthrough its C.Gand parallelto X-Xaxis =IG2 
 

501503 
= 

12 
14.0625106 mm4 

Distance betweenC.Gofrectangle-2fromX-Xaxis=h21257550mm 

M.Iof rectangle-2about X-Xaxis = 
I ah2(14.0625106)(7500502)32.8125106mm4 ------------------------------------------- 

(2) 
G2 22 

∴ M.Iof thewhole section about X-Xaxis = (20.3125×106) +(32.8125 ×106) 

=53.125 ×106mm4. (ANS) 
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M.Iabout Y-Yaxis: 

 

M.Iof rectangle-1about Y-Yaxis = 

 

 

501503 

12 

150503 

 

 

14.0625106 

 

 6 

 

 

mm4 

 

 4 

M.Iof rectangle-2about Y-Yaxis = 1.562510mm 
12 

∴ M.Iof thewhole section about Y-Yaxis = (14.0625×106) +(1.5625 ×106) 

=15.625 ×106mm4. (ANS) 

 

 

Problem-2: FindtheM.Iofthe I-sectionaboutthehorizontalandverticalaxispassingthroughits centre 

of gravity. The dimension of the top flange is 60 mm × 20 mm, web is 

100mm ×20 mm andbottom flangeis 100 mm×20 mm. 
 

Solution:  

 

C.G ofthe section: 

Thissection issymmetrical aboutY-Yaxis,so the 

C.Gofthissectionwilllieonthisaxis.Consider 

rectangle-1, 2 and 3 as shown in figure. 

 

Rectangle-1: 

Area (a1) =60× 20 =1200mm2 

y1=130mm Rectangle 

-2: 

Area (a2) =100× 20 =2000mm2 

y2=70mm 

Rectangle -3: 

Area (a2) =100× 20 =2000mm2 

y2 =10mm 

∴ distanceof C.G ofthesection frombottom ofthebottom flange= 
 

y
a1y1a2y2a3y3 

a1a2a3 


(1200130)(200070)(200010)

 60.8mm 
1200  2000  2000 

M.Iabout X-Xaxis: 

M.Iof rectangle-1about an axispassingthrough itsC.G andparallel to X-Xaxis =IG1 
 

60203 
= 

12 
40103 mm4 

Distancebetween C.G ofrectangle-1 from X-X axis =h113060.869.2mm 

 

M.Iof rectangle-1about X-Xaxis = 

I ah2(40103)(1200(69.2)2)5786103mm4 - ------------ (1) 
G1 11 

M.Iof rectangle-2about an axispassingthrough itsC.G andparallel to X-Xaxis =IG2 
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201003 
= 

12 
1666.7103 mm4 

Distancebetween C.G ofrectangle-2 from X-Xaxis =h27060.89.2mm 

 

M.Iof rectangle-2about X-Xaxis = 

I ah2(1666.7103)(2000(9.2)2)1836103mm4 - ----------- (2) 
G2 22 

 

 

 

 

M.Iof rectangle-3about an axispassingthrough itsC.G andparallel to X-Xaxis =IG3 
 

100203 
= 

12 
66.7103 mm4 

Distance betweenC.Gofrectangle-3fromX-Xaxis=h360.81050.8mm 

 

M.Iof rectangle-3about X-X axis = 

I ah2(66.7103)(2000(50.8)2)5228103mm4 ------------------------------------------ 
(1) 

G3 33 

∴ M.Iof thewholesection aboutX-X axis = (5786× 103) +(1836 ×103)+ (5228 ×103) 

=12850×103mm4. (ANS) 
 

M.Iabout Y-Yaxis: 

 

M.Iof rectangle-1about Y-Yaxis = 

 

 

20603 

12 

 

 

360103 

 

 

mm4 

 

M.Iof rectangle-2about Y-Yaxis = 
100203 

12 

201003 

66.67103 

 

 



mm4 

 

 3 4 

M.Iof rectangle-3about Y-Yaxis = 
12 

1666.6710mm 

∴ M.Iof thewholesection aboutY-Y axis= 

(360×103) +(66.67 × 103) +(1666.67 × 103)=17094.34×103mm4. (ANS) 
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PRACTICEQUESTIONS 

 Determinethecentroidofthegivensection. 

 

 

 Locatethe centrodofthe cutout section(Shadedarea)asshowninthefigure. 

 

 Anisoscelestriangleofside200mmhasbeencut fromasquareofside200 mmasperthe figure 

given below. Find out the C.G of the shaded area. 

 

 AnisoscelestriangularsectionABChasbasewidth80mmandheight60mm.Determinethemoment of inertia 

of the section about the centre of gravity of the section and the base BC. 

 DeterminetheM.Iofasemicircularsectionof100mmdiameteraboutitscentreofgravityandparallel to X-X 

and Y-Y axes. 

 DeterminetheM.IofthegivensectionabouttheaxisAB. 

 

 

 DeterminetheM.Iofthegivensectionaboutcentroidalaxis. 
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 Determinetheleastandgreatestmomentofinertiaofanunequalanglesectionshownbelow. 

 

 

 Atriangularsectioniscutfromaquartercircularsectionasshowninfigure.Findthepositionof centroid 

of cut out section. 
 

 

 FindtheMoment ofinertia ofasquaresection ofside 80mm about its diagonal. 

 

 

 (End)  
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SIMPLELIFTINGMACHINE  

LiftingMachine: 

Amachinewhichisusedtoliftheavyloadscomparativelybyusingsmallereffortisknownaslifting machine. 

Simpleliftingmachines: 

Itisadevicewhichisabletoovercomeresistanceandproduceusefulworkintermsofliftingor lowering load 

when effort is given to it. 

Compoundlifting machine: 

Itisadevicewhichisconsistsofanumberofsimplemachineswhichisabletoliftorlowerload at a faster speed 

and lesser effort. 

ConceptofasimpleliftingMachine: 
 

Considerasimplepulleywhichisusedtoraise a 

load (W) by effort (P). When the effort P is 

applied at the end of rope the effort moves by 

distance ‘y’, while the load moves up by a 

distance ‘x’. 

Input of a Machine: 
Itistheworkdoneonthemachinetoliftload.It is the 

product of effort (P) applied to lift the load and 

distance moved by the effort (y). 

Output of a Machine: 

It is the work done by the machine. It is the 

productofweight(W)liftedandthedistance 

moved by the effort (x). 

Efficiencyofthemachine: 

Itistheratioofoutputworktoinputworkof the 

machine. 

i.e. efficiency=
output

 
input 

Asimple pulleyusedto lift loadWbyan effort P. 

 

 

 

Mechanicaladvantage(M.A): 

Itistheratioofweightliftedbytheeffortapplied to lift 

the load. 

i.e. M.A=
W

 
P 

Velocityratio(V.R): 
Itistheratioofdistancemovedbytheeffort(y) to the 

distance moved by the load (x). 

i.e.V.R =
y
 
x 

 

Expressionforefficiencyof simpleliftingmachine: 

Consideraliftingmachine whichlifts weightW byasmallereffort P. 

Let y= distance movedby effort x=distancemoved byeffort 

 

Weknow that, M.A= 
W 

and V.R =
y
 

P x 
Inputofthemachine=P×y Outputofthe machine= W×x 

W 

Weknowthatefficiencyofthemachine() 
output

 
input 


W.x

P 

P.y Y 
 

x 


MA 

VR 

Thisis therequired expression forefficiencyof themachine. 
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Conditionof self locking: 

Amachineiscalled asselflocking,ifitisunabletodoworkinreversedirectionaftertheremovalof load from 

it. 

Fora actualmachine, frictionlossinmachine =input–output =(P× y) –(W×x) 

Foraselflockingmachineoutput ofthemachineis lessthan orequal tothefrictional loss. 

WheneffortPiszero,wecanwrite:Wx(Py)(Wx) 

2(Wx)(Py) 


Wx


1 

  

Py 2 


MA


1 

VR 2 


1
or 

2 
50% 

 Thusforaselflockingmachine efficiencyis lessthan or equal to 50%. 

Conditionof reversibility: 

Amachineiscalled asreversible,ifitisabletodoworkinreversedirectionaftertheremovalofload from it. 

Foraactualmachine,frictionlossinmachine=input –output=(P×y)–(W×x) For a 

reversible machine output of the machine is more than frictional loss. 

WheneffortP iszero,we canwrite: Wx  (Py)(Wx) 

2(Wx) 


Wx


1 

  

 (Py) 

Py 2 


MA


1 

VR 2 


1

or 
2 

50% 

 Thusforareversible machineefficiencyisgreater than 50%. 

Lawof Machine: 
 

Thelawofmachinegivestherelationbetweentheload to be 

lifted and effort required. 

Ifamachineliftloadscorrespondingtoappliedefforts, then 

a relation is obtained which can be shown graphically as 

shown in figure. 

ThestraightlineABshowninfigurerepresentsthelaw of 

machine. 

i.e.P =mW+C 

Maximum M.A =1 
𝑚 

MaximumEfficiency= 1 
𝑚× 𝑉.𝑅 

 

 

P=effortappliedtolifttheload W = 

load lifted 

m = a constant = slope of the line 

ABC=aconstant=machinefriction=OA 
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Effectoffrictioninsimpleliftingmachines: 

In actualmachinesthereisfrictionattheeffortsideorloadside.Duetothisextraworkisneededto lift the loads 

by overcoming this friction. 

If friction is present in the effort side, then the friction can be said as the extra effort required 

overcomingthefrictionalforce. Iffrictionispresentinloadside,thenthefrictioncanbesaidas the extra load 

which is to be lifted. 
 

Mathematically: Feffort=P-𝖶 
𝑉.𝑅 

Someexpressioncanbe considered: 

and 

 

 

PROBLEMS 

 In acertainweightliftingmachineaweightof1kNisliftedbyan effortof25N.Whilethe weight 

moves by 100 mm, the point of application of effort moves by 8 m. Find the M.A, 

V.R and efficiencyof themachine. 

Ans: Data Given: 

Weight (W) =1 kN =1000 N effort(P) =25N 

displacementofweight (x)=0.1 m displacementofeffort (y)=8 m 

Mechanicaladvantage(M.A)=
W

 
P 


1000
40

 

25 

Velocityratio(V.R) = 
y


8
80 

x 0.1 

Efficiencyofthemachine()
M.A


40
0.550% (ANS) 

V.R 80 

 What load can be lifted by an effort of 120 N, if the velocity ratio is 18 and efficiency of the 

machineatthisloadis60%? Determinethelawofthemachine,ifitisobservedthataneffort of 200 N 

is required to lift aload of2600 N and find the effort required to run the machine at a load of 

3.5 kN. 

Ans: Data Given: 

Effort (P) = 120 N velocity ratio (V.R) = 18 efficiency(𝜂)=60%=0.6 

Load lifted by the machine: 

Mechanicaladvantage(M.A)=V.R ×𝜂=18 ×0.6 =10.8 

Load lifted bythe machine(W) =M.A ×P =10.8×120 =1296 N (ANS) 

 

Lawof machine: 

Case-1: effort(P)=120N,load(W)=1296N 

Case-2: effort(P)=200N, load (W)=2600 N 

Case-3: load(W) =3.5 kN=3500 N, effortrequired (P) =? 

Forcase-1: lawofmachineis 120=m × 1296 +C ....................... (1) 

Forcase-2: lawofmachineis 200=m × 2600 +C ....................... (2) 

Subtractingequation-2from 1weget: (200-120)=m×(2600-1296) 

Fload=(P×V.R)–W 



48  

⇒ 80 =1304 m ⇒ m=80 
1304 

=0.06 

Substitutingthevalue of ‘m’inequation-2wecan obtainthe valuefor‘C’. 

C =44 

Lawofmachine isgivenby:P =0.06 W +44 

Forcase-3: effortrequired(P) =0.06×3500 +44 =254 N (ANS) 

 

PRACTICEQUESTIONS 

 

 In aliftingmachinean effortof31Nraisedaloadof1kN.Iftheefficiencyofthemachineis 0.75, what 

is its V.R? If on this machine an effort of 61 N raised a load of 2 kN, what is now the 

efficiency? What will be the effort required to raise the load of 5 kN? 

 

 In acertainliftingmachine,thevelocityratiois15anditsefficiencyis70%.Findouttheload to be 

lifted when an effort of 60 N is applied. 

 

 Forasimpleliftingmachine,thevelocityratiois60.Aneffortequalto120 Nisrequiredtolift the load 

of 5 kN. Find whether the machine is reversible or not. 

 
 In asimpleliftingmachine,aneffortof60Nlifts aloadof740N.Thevelocityratioofthe machine 

is 20. Determine the efficiency and friction in terms of effort and load. 

 

 In a simple lifting machine, it is seen that 30 percent of the effort applied to lift load is lost in 

friction.Determinetheloadthatcanbeliftedthroughaheightof0.9m,ifaneffortof270Nis applied 

through 15 m. Also find out the mechanical advantage and efficiency of the machine. 

 

 In asimpleliftingmachine,an effortof80Nlifts aloadof1200N.Ifthevelocityratioofthe machine 

is 18, find out efficiency of the machine and friction in terms of effort and load. 
 

 

 

 

Simplewheelandaxle: 

VarioustypesofSimpleLifting Machines: 

 

Itisasimpleliftingmachinewhichisconsistof a 

wheel of diameter ‘D’ and an axle of 

diameter‘d’ fitted on the shaft. The shaft is 

providedbyballbearingstominimizefrictional 

resistance. 

One rope or string is mounted over the axle, at 

theendofwhichloadisattached.Anotherstring is 

mounted over the wheel at the end of which 

effort is applied. This mechanism is shown in 

figure. 

When the effort is applied the wheel and axle 

rotates in same direction. The string is attached 

insuchamannerthatwhenropeofthewheelun 

woundstheropeoftheaxlewoundsandtheload rises 

up. When the effort is removed the rope on the 

wheel wounds and the rope on the axle un 

wounds, which gives the reversemotion of load. 

 

Displacementofeffortinonerotation=πD 

Displacement of load in one rotation = πd 

Velocity ratio =
D 


D

 
d d 

MechanicalAdvantage=
W

 
P 

Efficiency=
MA

 
VR 
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SinglePurchaseCrab Winch: 
 

Asinglepurchasecrabwinchisasimplelifting 

machine which is consists of a load drum, two 

toothed wheels, rope and a handle. The 

arrangement of this machine for lifting load is 

shown in figure. 

Inthismachinearopeisfixedtothedrumand wound 

around it. The free end of the rope carries a 

load ‘W’. A toothed wheel A is 

mountedontheloaddrumandanothertoothed 

wheel B (pinion) is geared with the toothed 

wheel A. 

Whenthehandleisrotated,thetoothedwheel fitted 

to it rotates, which rotates the pinion. 

According to the arrangement when effort is 

givenattheendofthehandletheloadismoved by 

the machine. 

 

 

 

 

 

 

 

 

 

 

 

 

Singlepurchasecrab winch 

Let, T1=numberofteethonmaingear/spurgearA T2 = 

number of teeth on the pinion B 

l=length of thehandle 

r=radiusoftheloaddrum W = 

load lifted 

P=effortappliedtolifttheload 

Distancemovedbytheeffortinonerevolutionofthehandle=2πl Number 

of revolutions made by the pinion B = 1 

Number ofrevolution madebythewheel A =
T2

 

T1 

Number ofrevolution madebytheload drum =
T2

 

T1 

Distancemoved bythe load =2πl ×
T2

 

T1 

 

 
∴Velocityratio(V.R) = distancemovedbyeffort

=
 

 

2l 
1


T1
 

  

distancemovedbyload 2r
T2

 

T1 

r T2 

 

∴Mechanical Advantage(M.A)=𝖶 
𝑃 

andefficiency=𝑀.𝐴 
𝑉.𝑅 
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Screw jack: 
 

A screw jack is a simple lifting machine which lifts or lowers heavy 

loadswithasmallereffort. Inascrewjackeffortisappliedattheend of a 

lever/handle or by using a pulley to lift heavy loads given on its load 

drum. A rotating screw passes through the jack and attached with 

collar to move axially, as a result it is able to lift the loads in 

vertically up or downward direction. 

Let P1=effortappliedattheendoflever W = 

load to be lifted by screw jack 

l=lengthofthelever 

p=pitch of thescrew 

d=meandiameterofscrew α 

= helix angle 

µ=coefficient offriction =tan

 

Fromfigure-2weobtained: tan
p
 

d 

Effortrequiredtoraisetheload(P)=Wtan() 

Effortrequiredtolowertheload(P)=Wtan() 

Torquerequiredtoraisetheload=Wtan()
d
 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2 

 

Torquerequiredtolowertheload=Wtan()
d
 

2 

Torqueproduced attheend ofthe lever=Torquerequiredto raise orlowerthe load 

PlP
d
 

 

1 
2
 

 

MechanicalAdvantage= 
loadlifted(W) 

 
 

effortapplied(P) 
 

 
Velocityratio= distancemovedbytheeffort

=
2l 

distancemovedbytheload p 

 

Efficiencyof screw jack= 

MA



VR 

load 

effort 


p 

2l 
 

Wp2l 

Wtan()2d 
 

p 


dtan() 

tantan

() 
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2r 
T 

Worm& Worm wheel: 
 

Awormisathreadedshaftandwormwheelisa spur 

gear. The teeth of spur gear engage within the 

threads of the worm. 

Infigurethewormandwormwheelarrangement 

isshown.Aloaddrumofdiameter‘d’ismounted on 

the shaft on which worm wheel is fixed. The 

worm is fixed with wheel A over which aropeis 

wound to apply effort. Effort applied at thewheel 

A lifts the load W which is carried by a string at 

its free end. Other end of the string is wound on 

the drum. One rotation of the worm 
rotatesthewormwheel throughonetooth. 

 

 

 

 

 

 

 

 

 

 

WormandWormwheel 

 

Let D =diameterof theeffortwheel r=radius of theload drum 
 W=load lifted P=effortappliedtolifttheload 
 T=numberof teeth ontheworm wheel  

Distancemoved bytheeffortin onerevolution ofthewheel=D 

Ifthe wormissinglethreadedtheloaddrumwillmovethrough 
1
revolution 

T 

Distancethroughwhich loadwillmove = 
2r 

 
 

T 

Velocityratio(V.R) = 
dis tancemoved bytheeffort

 
D 

dis tancemovedbytheload 


DT 

2r 

 

MechanicalAdvantage(M.A)=
W 

and Efficiency()=
MA

 
P VR 

Ifthewormisdouble threaded: V.R = 
DT 

 
 

22r 


DT 

4r 

PRACTICEQUESTIONS 

 Asimplewheelandaxlehaswheelandaxleofdiameters300mmand30mmrespectively.Whatisthe efficiency 

of the machine if it can lift a load of 900 N by an effort of 100 N? 

 In a wheel and axle machine the diameter of the wheel is 100 cm and that of axle is 10 cm. The rope 
thicknessonthewheel is3mmandthat onthedrumis6mm. Inthismachinealoadof 500Nislifted by an effort 

of 100 N. Determine the efficiency of the machine and state whether the machine is reversible or not. 

 Inasinglepurchasecrabwinchthe number ofteeth onpinion is 25and that onthespur wheel 

100.Radiiofthedrumandthehandleare50mm and300mmrespectively.Findtheefficiency of the 

machine. 

 In a single purchase crab winch, the number of teeth on pinion is 25 and on the spur wheel is 

250,radiusofdrumandhandleare1500mmand300mmrespectively.Findtheefficiencyof the 

machine and the effect of friction, if an effort of 20 N can lift a load of 300 N. 

 A worm and worm wheel with 40 teeth on the worm wheel has effort wheel of 300 mm 

diameterandloaddrumof100mmdiameter.Findtheefficiencyofthemachine,ifitcanlifta load of 

1800 N with an effort of 24 N. 
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DYNAMICS  
 

 

 

Dynamics # It is the branch of science which deals with characteristics of bodies or 

particles in motion. It is classified as Kinematics and Kinetics. 

Kinematics # It is the study of motion of a particle or body without considering 

theforces causing the motion of it. 

Kinetics # Itisthestudyofmotionofthebodyorparticlebyconsideringthe forces 

causing the motion of it. 

Motion # A body is said to be in motion if it is changing its position with respect 

toitssurrounding.Abodyisatrestwhenitdoesnotchangeitsposition with 

respect to its surrounding. 

Rectilinear motion # Whenabodymovesalongstraightline,itsmotioniscalledas rectilinear 

motion. 

Curvilinear motion # Whenabodymovesalongacurvedline,itsmotionisknownascurvilinear 

motion. 

Rotaryorcircular 

motion 

# Whenabodymovesalongacircularpath,itsmotioniscalledas circular or 

rotary motion. 

Speed # Itistherateatwhichamovingparticle/bodycoversitspath.Itisa scalar 

quantity. It is denoted by ‘v’. The S.I unit of speed is (m/s). 

Averagespeedistheratiooftotaldistancetravelledandtotaltime taken. 

Displacement # Thedistancetravelledbyaparticle/bodyalongastraightline.Itisa 

vectorquantity.It isdenoted by‘s’. TheS.Iunitofdisplacementis (m). 

Velocity # It is the rate of change of displacement of the particle. It is a vector 

quantity. It is given bythe ratio of displacement and time. It is denoted 

by ‘v’. The S.I unit of velocity is (m/s). 

Acceleration # It is the rate of change of velocity. It is a vector quantity. It is given by 

the ratio of velocity and time. It is denoted by ‘a’. The S.I unit of 

acceleration is (m/s2). 

Acceleration is taken as the rate of increase of velocity of the moving 

particle. 

Retardationis therate of decreaseof velocityof themovingparticle. 

Uniformvelocity& 

Variable velocity 

# When a particle passes through equal displacements in equal intervals 

of time, the velocity is called as uniform velocity. When a particle does 

not pass through equal displacements in equal intervals of time, the 

velocity is called as variable velocity. 

Uniform&Variable 

acceleration 

# If the acceleration of the moving particle remains constant, it is called 

asuniformacceleration.Iftheaccelerationofthemovingparticledoes 

notremainconstant,itiscalledas non-uniformorvariable 

acceleration. 
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LawsofMotion: 

 Newton’sfirstlaw of motion: 

Itstatesthat,“Everybodycontinuousinitsstateofrestorofuniformmotioninastraightline when 

there is no force acting on the body to change its state of rest or uniform motion”. 

Thislaw is also knownaslaw of inertia. 

 

 Newton’ssecondlawofmotion: 

It states that, “the rate of change of momentum is directly proportional to the external force 

andtakesplaceinthesamedirectionofforce”.Thislawgivesusthefundamentalequationof 

dynamics. 

Considerabodymoving in astraightline whosevelocitychanges duringthistime. 

Let,m = mass of the body u=initialvelocityofthebody v 

= final velocity of the body a=accelerationduetogravity t 

= time required to change the velocity from ‘u’ to ‘v’ 

F=forcerequiredtochangevelocityfrom‘u’to‘v’intime‘t’second Initial 

momentum = m.u 

Finalmomentum=m.v 

Rate ofchangeof momentum = mvmu


m(vu) 

 

Weknow that, v = u +at 

t t 

a
vu 

t 
 Rate ofchangeof momentum =m.a 

Accordingto 2ndlaw, rateofchangeof momentumis directlyproportional toexternal force. 

 Rateofchangeof momentum=externalforce=m.a 

 Newton’sthirdlawof motion: 

Itstatesthat, “for everyactionthereisequalandoppositereaction”. 

 

 D-Alembert’sprinciple: 

Itstatesthat, “thesystem offorcesactingonabodyinmotionisindynamicequilibriumwith the 

inertia force of the body”. 

FromNewton’ssecondlaw,F=m.aFma0. 

Thisequationisknownasequationofdynamicequilibrium. 

Inthis equation, F=externalforceappliedon the body 

(m.a)=imaginaryforceappliedoppositetothedirectionofFormotion of the 

body (Inertia force) 

Displacement-timegraph: 

 

 

(Whenthevelocityisuniform) 
(Whenthevelocityisvariable) 
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Su.t
1

at2 
2 

Sut 
1

gt2 
2 

SS u
a

(2n1) 
n n1 

2 

Velocity-timegraph: 

 

 

(whenthevelocityisuniform) (whenthevelocityisvariable) 

 

Motion of aparticleacteduponbyaconstant force: 

Consideraparticlein linearmotion, whichismovingwith uniformacceleration ‘a’. 

Let, u =initial velocityof thebody v = final velocityof thebody 

t = time taken to change velocity S=distancetravelledbytheparticleduringtime‘t’ a = 

uniform acceleration 

Acceleration(a)= 
final velocity initial velocity 

timetakenforthechangeofvelocity 


vu 

t 

at = (v -u) v= u+ at ------------------------------ (1) 

Distancetravelledbytheparticleduringthistime(S)=Vaveragetime 

S
uv

t
 

2 
S

uuat 
 

 

2 
t

2utat2 
 

 

2 
- --------- (2) 

Distancetravelledbytheparticleduringthistime(S)=Vaveragetime 

S
uv

t 
2 

(Fromequation-1weget:t
vu

) 
a 

S
uv 

 
 

2 
t( 

uv 
 

 

2 
)( 

vu
)


a 

v2u2 
 

 

2a 

v2u22as v2u22as ------------------- (3) 

 

Distancetravelled innthsecond: 

Let, Sn=distancetravelled bythe bodyin ‘n’ second 

Sn-1=distancetravelledbythe bodyin (n-1) second 

S =distancetravelled bythe bodyin nth second=Sn– Sn-1 

Wecan write: Su.n
1

a.n2 
n 

2
 and Sn1 

u.(n1)
1

a.(n1)2 
2 

Distancetravelledinnthsecond(S)= - ----------- (3) 

 

Motionunderforceof gravity: 

Ifthe bodyfalls duegravitythentheequations of motion can bewritten asfollows: 

vugt - ----------- (1) 

 

- ----------- (3) 

v2u22gs------------------ (2) 
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PROBLEM 
********************************************************************************** 

Que-1) AballoonofgrossweightW fallsverticallydownwardwithconstantacceleration a.What 

amount of ballast Q must be thrown out in order to give the balloon an equal upward 

acceleration a. Neglect air resistance. 

Ans: 
 

Case-1:whenballoonis falling 
 

 

Theequation ofmotion forthis caseis 

W
aWP ------------------------------- (1) 

g 

Case-1:whenballoonis rising 
 

 

Theequation ofmotion forthis caseis 

W
aP(WQ)-------------------------------- (2) 

g 
 

Onsolvingequation 1 and 2 we get: Q
2Wa 

ga 
(Ans) 

Que-2)On turning a corner a motorist rushing at 20 m/s,finds a child on the road 50 mahead. He 

instantlystopstheengineandappliesbrakes,soastostopthecarwithin10mofthechild. Calculate 

(i) retardation(ii) time required to stop the car. 

Ans:Datagiven: 

Initialvelocity(u)=20m/s,finalvelocity(v)=0, 

distance travelled by the car (s) = 50 – 10 = 40 m 

Weknowthat: v2u22as  02022a4040080a 

retardation(a)
400

5m/s2 
80 

Weknowthat: v=u +at 

 

 

020(5)t 

 timetaken(t)
20
4sec 

5 

Thusretardationis-5m/s2andtimetakenis4sec.(Ans) 

 

Que-3) Amotorcartakes10secondstocover30metresand12secondstocover42metres.Find the 

uniform acceleration of the car and its velocity at the end of 15 seconds. 

Ans: Data given: 

Case-1:Whentime(t)=10sec, distance covered(s)=30m 

Case-2:Whentime(t)=12sec, distance covered(s)=42m 

Let,u=initial velocityof thecarand a=uniform acceleration 

Distancetravelledby thecarin10sec=30ut
1

at2u10
1
a102 

2 2 

3010u50a --------------------- (1) 

Distancetravelled bythecar in 12 sec= 42ut
1

at2u12
1
a122 

2 2 
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42 12u72a --------------------- (2) 

Solvingthe two equations byelimination method we get: 

5425(12u72a) 

6306(10u50a) 

21060u360a 

18060u300a 

- ------- (3) 

- ------- (4) 

Subtractingequation4from3weget:3060a 

Substitutingthevalue of ‘a’in equation-4we get: 

a
30
0.5m/s2 
60 

(Ans) 

18060u3000.5 60u18015030 u
30
0.5m/s2 
60 

Velocityof thecar after time15 sec(v)=u+at=0.5 +0.5 ×15 =8 m/s (Ans) 

 

Que-4) Abodyisreleasedfromagreatheightfallsfreelytowardsearth.Anotherbodyisreleased from the 

same height exactly one second later. Find the separation between both the bodies, after 

two seconds of the release of second body. 

Ans: Datagiven: 

Initialvelocitiesofboththebodies(u)=0 Time 

taken by the first body (t1) = 3 sec 

Time takenbythesecondbody(t2)=3-1= 2 sec 

Distancecoveredbythe first bodyafter3 sec =(S1)=ut
1
gt2 

 

1 
2 

1 

=0
1
9.83244.1m 

2 
- ------ (i) 

Distancecoveredbythe2ndbodyafter2sec=(S2)=ut
1

gt2 
2 

2 
2 

=0
1
9.82219.6m 

2 
--------- (ii) 

Separationbetweenbodies=S1-S2=44.1–19.6 =24.5m (Ans) 

 

Que-5) Abodyofmass5kgstartsfromrestandattainsaspeedof4m/sinahorizontaldistanceof 12 m. 

Assume coefficient of friction is 0.25. Find out the minimum force P acting on the body. 

Ans: consider thefreebodydiagram of the body. 

Initial velocityofthe body=u= o 

Weknowthat; v2u2 2as a
v2u2 

 
 

2s 

a
420 

 
 

212 
16/24 0.6667m/s2 

ReactionR =W=m.g =5 ×9.81 =49.05 N 

FrictionalforceF= R0.2549.0512.2625N 

Inertiaforce=m.a=5× 0.6667=3.3334 N 

Takingthesum of allhorizontal forcesequalto zero,weget; 

P – F– ma =0 P=F+ma=12.2625 +3.3334=15.5955 N (Ans) 
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Que-6) Astoneisdroppedfromthetopofthetowerof50mhigh.Atthesametimeanotherstone is thrown 

upwards from the foot of the tower with a velocity of 25m/s. When and where the two 

stones cross each other? 

Ans: Datagiven: 

Heightof thetower (h)= 50m, 

Considerthemotionoffirst stone: 

Let,t=timetakenforthestonestocrosseachother, initial 

velocity (u) = 0 

Distancetravelledbythestone(s)=ut
1
gt20

1
gt20.5gt2 - ------ (1) 

2 2 

Considerthemotionofsecondstone: 
initialvelocity=-25 m/s, distancetravelled =50– s 

Distancetravelled bythestone =50–s =ut
1
gt225t0.5gt2 

2 

 

- ------ (2) 

Addingequation 1 and 2we get: 50=25 t 

Point where the stones cross each other: 

Substitutingthevalueoft=2sec,weget; s 

=0.5gt2 0.59.82219.6 m 

t 
50 

2sec 
25 

(Ans) 
 
 

 

 

 

(Ans) 

 

 

Que-1) Ablockweighing2500Nrestsonahorizontalplanefor which coefficientoffriction is 

0.20. This block is pulled by a force of 1000 N, which is acting at an angle of 300 to the 

horizontal.Findthevelocityofblock afteritmoves30mstartingfromrest.(Ans:7.914m/s) 

Que-2) Two bodies of mass 100 kg and 40 kg are connected by a thread and move along a 

horizontal plane under the action of a force 450 N applied to the first body of mass 100 kg 

as shown in figure. The coefficient of friction between the sliding surfaces ofbodies and 

the plane is 0.3. Determine the acceleration of the two bodies and the tension in the thread 

using D-Alembert’s principle. (Ans:0.271m/s2,128.57N) 
 

Que-3) A man weighing 800 N stands on the floor of a lift. Find the pressure exerted on the floor 

when (i) the lift moves upwards with an acceleration of 3 m/s2 and (ii) the lift moves 

downwards with an acceleration of 3 m/s2. (Ans:979.35N,520.64N) 

Que-4) A gun of mass 30 kg fires a bullet of mass 25 grams with a velocityof 230 m/s. Find the 

velocity with which the gun recoils. (Ans:0.19m/s) 

Que-5) A bullet of mass 10 gram is fired horizontally with a velocity of 1000 m/s from a gun of 

mass 50 kg. Find (i) velocity with which the gun will recoil and (ii) force necessary to 

bring the gun to rest in 250 mm. (Ans:0.2m/s,4N) 

ASSIGNMENT 
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Power=
workdone 

time 

Que-6) Twoblocksweigh50Nand25Nareconnectedatthetwoendsofastringpassingovera smooth 

pulley. The block weighing 50 N is placed on a smooth horizontal surface while the 

block weighing 25 N is hanging free in air. Find (i) acceleration of the system and 

(ii)tension in the string. (Ans: a =3.27 m/s2,T =16.667 N) 
 

Work: 

Ifabodyissubjectedtoforce‘F’anddisplacedbydistance‘S’duetotheactionofforce,thenitis said that some 

work is done on the body. It is given by the product of force and displacement. 

Mathematically: Workdone=FS in joules (1 Joule =1 N-m) 

Forcedisplacementdiagram: (graphicalrepresentationofwork) 

 

 
Whentheforceis 

uniform 
Whentheforcevaries 

uniformlyfromsmall 

value to maximum 

Whentheforcevaries 

uniformly from zero 

to maximum 

Whentheforcevaries 

uniformly from 

maximum to some 
value 

Whentheforcevaries 

uniformly from 

maximum to zero 

Power: 

Itistherateof doingwork.Itis measuredbythe work doneper second.Its unitisJoule/secor Watt. 

Mathematically: 

 

IndicatedPower: 

Itisthe actualpower developedbytheengine.Itis measuredbytheindicator diagram. 

IndicatedhorsepoweristhemeasureofindicatedpowerinM.K.Sunitsorintermsofhorsepower. Indicated 

power is given in Watt. 1 H.P = 75 kg-m/s 1 kW = 1000 kJ/s 

Brake Power: 

Itistheactualpoweravailableattheengineshaft. 

Itismeasuredbyapplyingfrictionalbraketotheshaft.So,itisknownasbrakepower.Itisalways less than the 

indicated power. 

FrictionalPowerLoss: 

Itisthepowerlostinan engineduetofriction. Itisgivenbythedifferencebetweenindicatedpower and brake 

power. 

Energy: 

Itisthecapacityof doingwork.Itsunitis Joule. 1joule=1 N-m/s 

PotentialEnergy: 

Itis thecapacitytodo work duetotheposition of thebody. 

Considerabodyofmass ‘m’ataheight‘h’abovethegroundlevel.Whenitiscomingdownit possesses some 

energy which is called as potential energy. 

Workdone=force×distance =weight× height= mg×h 

Potentialenergy=m.g.h 
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1 
mu2 

2 
1
mv2 

2 

2gx 

2gh 

KineticEnergy: 

Itis thecapacitytodo work duetothemotion of the body. 

Considerabodyofmass ‘m’movingthroughadistance‘s’ withavelocity‘u’andcomingtorest. As the 

body is coming into rest, its final velocity v = 0. 

Weknow that; v2u2 2as 0u2 2as a
u2 

2s 
a

u
 

2s 
(retardation) 

u2 1 2 
Workdoneduetomotion= forcedistanceFsmasm s mu 2s 2 

 

Kineticenergy= 

 

Ifthebodyismovingwithavelocityof‘v’,thenKineticenergy= 

Lawofconservationof energy: 

Itstatesthat,“theenergycanneitherbecreatednordestroyed,butitcanbetransformedfromone form to 

another”. Thus total energy possessed by the body always remains constant. 

Proof: 

Considerabodyofmass‘m’ataheight‘h’abovethe ground 

level at position A as shown in figure. 

Consider threepositions of thebodyA, B and C. 

At positionA: 

Thekineticenergyiszerobecausethebodyisatrest. 

Potential energy = m.g.h 

Totalenergy=KE +PE=0 +m.g.h =m.g.h 

At position B: 

Letthebodyfallsfreelytoadistance‘x’fromAwith velocity 

‘v’ to a new position B. 

AtBpotentialenergyisconvertedintokineticenergy. We 

know that,v2u22gx  02gx  2gh 

v


Totalenergy=KE+PE= 
1

mv2mg(hx)2 

=
1

m( 2 2gx)2mghmgx= 
1

m2gxmghmgxmgh 
2 

WhenthebodyreachesatpointC,itspotentialenergybecomeszeroandthebodypossessesonly kinetic energy. 

At point C, velocity(v)= 

 
Kineticenergyat C = 

1
mv2

1
m( 

 
2gh)2mgh 

2 2 

Totalenergyat C =KE + PE =m.g.h +0=mgh 

Fromtheaboveweincludethat,thesumofpotentialenergyandkineticenergyateachlevelis constant. Therefore 

total energy in any system is always constant. 

2 
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PROBLEM 
********************************************************************************** 

 

Que-1)Apumplifts40m3ofwatertoaheightof50manddeliversitwithavelocityof5m/s. What 

istheamountofenergyspentinthisprocess?Ifthejobisdoneinhalfanhour,whatisthe input 

power of the pump which has an overall efficiency of 70%? 

 

Ans: Datagiven: 

volumeofwater=40m3,heightofwaterlifted (h)=50m,velocity(v)=5 m/s, time taken 

(t) = ½ hour = 30 min = 1800 s, overall efficiency = 70% = 0.70 

 

Workdoneinliftingwater of40 m3toa height of 50 m =weight of water ×height =W×h 

=40 ×9810 ×50=19620000Nm 
 

Kineticenergyatdeliveryof water= 
1


W
v2=

1


409810
52=500000Nm 

2 g 2 9.81 

Total energyspent=19620000+50000=20120000Nm = 20.12 × 106Nm (Ans) 

Outputpower ofthe pump =Output energyspent/second= 
20120000

=11177.8watt 

1800 
=11.1778kW 

 

Inputpower=
11.1778

=15.9583kW (Ans) 

0.7 

Que-2) Calculatethetimetaken byawaterpumpofpower500 Wtolift2000kgofwatertoa tank, 

which is at a height of 15m from the ground? Take g = 10 m/s2. 

 

Ans: Datagiven: 

power(P) =500 W,mass ofwater (m)=2000kg,heightoftank(h)=15 m 

Power(P)= 
mgh 

Timetaken(t)= 

t 

mgh
=

 

P 

20001015
=600s (Ans)

 

500 

Que-3) Acarweighing1000kgandtravellingat30m/sstopsatadistanceof50mdecelerating 

uniformly. What is the force exerted on it by the brakes? What is the work done by the 

brakes? 

 

Ans: Datagiven: 

massofcar(m)=1000kg,initial velocityofcar(u)=30m/s,distancecovered(s)=50m Since the 

car stops, final velocity (v) = 0 

 

Workdonebythe brakes=kinetic energyof thecar 

W
1
mu2=

1
1000302=450000J 

2 2 

Work done=F ×S 450000F50 F
450000

9000N 
50 

Forceexertedbythebrakesis9000N. 
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Que-1) A springis stretched by60 mm bythe application ofan external load. Calculatethe work 

done,if theforcerequired tostretch 1mm of springis 15 N. (Ans:27 J) 

Que-2) Avehicleofmass25tonnesismovingonahorizontalpathwithaconstantspeedof 15 m/s. 

Calculate the power of the engine, if the frictional resistance is 75 N/tonne. 

Efficiencyof theengineis85%. (Ans:33.08 kW) 

Que-3) Thekinetic energyof abodyis 2500 kJ correspondingto a velocityof 700 m/s. Estimate the 

loss in kinetic energywhen its velocityis reduced to 450 m/s. (Ans:1467.25 kJ) 

Que-4) Avehicleacceleratesabodyofmass150kgfrom resttoaspeedof60km/hr.Calculatethe work 

done on the body by the vehicle. Also calculate the change in kinetic energy of the vehicle 

if its velocity reduces to 10 km/hr. (Ans:20841.66J,20262.87J) 
 

Momentum: 

 

 Momentumis themotioncontainedin a body. 

 Itis the product of massand velocityof themovingbody. 

 Itisavectorquantity. 

 Mathematically: Momentum=mass ofthe body×velocity 

 Itsunitiskg-m/sinS.I. 

 

Impulse: 

 

 Impulseistheproductof force andtime. 

 Impulsehas the sameunits as momentum. 

 Impulseismomentum ataparticular instantoftime. 

 Itisalsoavector quantity. 

 Mathematically: Impulse=Force×time 

 

Impulse-MomentumEquation: 

Ftm(vu) 

Lawof conservationoflinearmomentum: 

It states that, “the total momentum of two bodies remains constant after their collision or other mutual 

action”. 
 

Mathematically: m1u1m2u2m1v1m2v2 

Where: m1 = mass of the first body u1=initialvelocityofthefirstbody v1 

= final velocity of the first body 

m2,u2,v2arethecorrespondingvaluesforthesecondbody 

Proof: 
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Considertwobodies 1 and 2 respectivelymovingin samedirection and subjected to direct impact. 

Let,m1=massofthebody1 

m2=massofthebody2 

u1=initialvelocityofbody1beforecollision 

u2=initialvelocityofbody2beforecollision v1 = 

final velocity of body 1 after collision 

v2=finalvelocityofbody2after collision 

Totalmomentumbeforecollision=m1u1m2u2 

Totalmomentumaftercollision=m1v1m2v2. 

Weknow that impulseof aforceis equal to the changein momentum produced bythe force. 
 

Let, I1= impulseofforce producedbybody2on body1= (m1v1m1u1) 

I2=impulseofforceproducedby body1onbody2=(m2v2m2u2) 

Weknowthat: I1=I2 

 (m1v1m1u1)(m2v2m2u2) 

 m1u1m2u2m1v1m2v2 

From this expression we conclude that; when no external force acts on the body, the total momentum 

before impact is equal to total momentum after impact. 

Collisionof elasticbodies: 

When a body in motion collides with another body (may be in rest or in motion) the two bodies 

compress each other. Then the two bodies displaces from their position to a new position withdifferent 

velocities. This is the effect of collision. 

If the two bodies come back to their original shape due to their elasticity, then it is known as the 

collision of elastic bodies. 

Collisionof twoelasticbodies: 

When two bodies in motion collide with each other, the two bodies compress each other. Then the two 

bodies displaces from their position to a new position with different velocities. But the sum of 

momentum of both bodies before and after collision remains same. 

ConsidertwobodiesAandBofmassesm1 andm2movinginastraightlinehavingadirect impact. 

Let,u1=initialvelocityofbodyAbeforecollision 

u2=initialvelocityofbodyBbeforecollision v1 = 

final velocity of body A after collision 

v2=finalvelocityofbodyBaftercollision 
 

Accordingtolawofconservationofmomentum: m1u1m2u2m1v1m2v2 
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Coefficientof restitution: 

Itisdefinedastheratiobetweenthevelocityofseparationandvelocityofapproach. 

 

Consider two bodies A and B having a direct 

impact as shown in figure. 

Let,u1=initialvelocityofthebodyA v1 = 

final velocity of the body A 

u2 and v2 are the initial and final velocities of 

body B respectively. 

If u1 is greater than u2, then direct impact will 

happen. 

Velocityof approach=(u1-u2) 

Afterimpact, thev2 is greaterthanv1. 

Velocityof separation=(v2-v1) 

AccordingtoNewton’slawofcollisionofelastic 

bodies, “velocity of separation is directly 

proportional to velocity of approach”. 

Thuswecanwrite:(v2v1)e(u1u2) 

Where:e = constant of proportionality knownas 

coefficient of restitution. 

 

 

 

 

 

 

 

 

 

 Thevalueof‘e’liesbetween0and1. 

 If e=0, twobodies areinelastic. 

 If e=1, tow bodies areperfectlyelastic 

 

 

PROBLEM 
********************************************************************************** 

Que-1) A ball having mass 4 kg and velocity 8 m/s travels to the east. Impulse givenat point 

‘O’makes it change direction to north with velocity 6 m/s. Find the given impulse and change 

in momentum. 

Ans: Datagiven: 

P1 =initialmomentum =m.v1 

=4kg×8m/s=32kg-m/s P1 = 

final momentum = m.v2 

=4kg×6m/s=24kg-m/s From 

the triangle; 
P2P2P2=m2v2v2

1 2 2 1 

=426282=16×100=1600 

P=40kg-m/s 

Impulse=Changeinmomentum=40kg-m/s (Ans) 

Que-2)Two blocks are travelling towards each other. The first has a speed of 10 cm/s and the second 

a speed of 60 cm/s. After the collision thesecond is observed to be travelling witha speed of 

20 cm/s in a direction opposite to its initial velocity. If the weight of the first 

block is twice that of the second, determine: (i) the velocity of the first block aftercollision, 

(ii) whether the collision is elastic or inelastic. 

Ans: Datagiven: Consider theblock 1 and 2 and theirvelocitybeforeand after impact. 

Letm1andm2bethemassof block 1 

and 2 respectively. 
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2gh 29.810.75 

u1=10cm/s, u2=60cm/s,v2=20cm/s,m1=2m2 
 

weknow that; m1u1m2u2m1v1m2v2 2m2u1m2u22m1v1m2v2 

2u1u22v1v2 210602v120 

2v160 v130cm/s (Ans) 
 

Sumof initial K.E oftwo bodies = 
1
mu2

1
mu2

1
2m102

1
m 602 

    

2 
11 

2 
22 

2 
2 

2 
2 

=1900 m2 
 

Sumof final K.Eof twobodies = 
1

mv2
1

mv2
1
2m(30)2

1
m 

    

202 

2 
11 

2 
22 

2 
2 

2 
2 

=1100 m2 

Astheinitialand final kineticenergyisnotequal,thecollision is inelastic. (Ans) 

Que-3)A pile hammer weighing 20 kN drops from a height of 750 mm on a pile of 10 kN. The pile 

penetrates 100 mm per blow. Assuming that the motion of the pile is resisted by a constant 

force, find the resistance to penetrate the ground. 

Ans: Data given: 

initial velocity of hammer (u) = 0, distance moved (h) = 750 mm = 0.75 m, 

acceleration (a) = 9.81 m/s2, weight of pile hammer (W1) = 20 kN, 

weight of pile (W2) = 10 kN, penetrationperblow(s)=100mm=0.1m Let, 

R = resistance to penetrate the ground 

Let,m1=massofpilehammer=W1/g,m2=massofpile=W2/g 
 

Velocityat thetime ofstrike (V1) =  3.836m/s 

 

Let,V=velocityof thepileand hammer after impact 

Applyingprincipleofconservationofmomentum forpileandhammer,weget; 
 

mV(m  m)V 
W1V 

 
W1W2V

 
  

20 3.836
2010

V 
 

11 1 2 
g 1 g 

 

9.81 9.81 

7.823.05V V7.82/3.052.56m/s 

 

Applyingworkenergyequation tothemotion ofpileandhammer, weget; 
 

 

W1 W2 Rs
W1W2u2V2

2g 

2010R0.1
2010

02.562
29.81 

30R0.110.02 

30R 10.02/0.1100.2 R100.230130.2kN 

Therequiredresistance is130.2kN. (Ans) 
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m 
2 

2 

 

Que-1) Aballof0.5Nweightfallsfromaheightof15mandreboundsto10m.Findtheimpulse and 

average force between the ball and the floor if the time during which they are in 

contactis(1/12)of asecond. (Ans:1.588 Ns, 19.056 N) 

Que-2)A ball of mass 2 kgmovingwith a velocityof 2 m/s hits another ball of mass 4 kg at rest. 

Afterthe impact, thefirst ball comes to rest. Calculatethe velocityof thesecond ball after 

theimpact andthecoefficientofrestitution. (Ans:1 m/s, 0.5) 

Que-3) Abodyofmass4kgmovingwithavelocityof12m/sovertakesabodyofmass3kg moving 

with a velocity of 5 m/s in the same direction along a straight line and they coalesce 

to form one body. Find the velocity with which the single body will move. 

(Ans:9 m/s) 

Que-4) A mass of 300 kg falls from a height of 3 m on a pile of mass 60 kg and drives it 10 cm 

into the ground. Calculate: (i) the velocitywith which the pile driver hits the pile, (ii) the 

common velocity with which the pile driver and the pile move together after impact and 

(iii)theaverageresistanceofthe groundto penetration. 

(Ans:7.67 m/s, 6.39 m/s, 77106.6 N) 

(Hint:V 2gh, V
m1V1, Rm  mg{1  1 

h
} 

m1m2 (m1 

 

 m2) x 
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