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LAWS OF MOTION

Important Points:

1. Newton’s First law explains the property of inardind defines force.
2. Inertia:

It is the property of a body by virtue of whichgcannot change its state of rest or of uniform

motion along a straight line, on its own. It depgngon the mass of the body.
3. Inertia of Rest:

It is the inability of a body to change by itset§, state of rest.

E.g. When a bus at rest starts suddenly passengelmatM|
4. Inertia of Motion:

It is the inability of a body to change by itsa# state of uniform motion.

E.g.when a bus in uniform motion suddenly stops, theseagers fall forward.
5. [Inertia of Direction:

It is the inability of a body to change by itsa# direction of motion.

E.g. When a bus takes a turn passengers will be pusiiegrds
6. Newton’s second law gives the quantitative dabnitof force and defines the unit force.
7. Momentum:

The product of mass and velocity of a body isethlinear momentum. P = mv

8.  Units of Force:
Slunit:  Newton
CGS unit: dyne
1 N =10 dynes.
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9. Impulsive Force:
Large force acting on a body for a short timernvaeis an impulsive force.

10. Impulse:
The impulse of a force is defined as the prodfithe average force and the time interval for

which it acts.
Impulse =F x t = mv — mu

11. Apparent weight of a person in a Lift:

a) If the lift moves up with an accelarat'a’ , W' :W(1+3j
g

b) If the lift moves down with an acceleratiahy W' :W[l—gj

c) If the lift is freely falling undergvity i.e. Ifa=g,W'=0

d) If the lift is moving up or down witmiform velocity, W' =W =mg

12. Atwood Machine:
a) When two bodies of masses and m are connected by a light string passing over a

frictionless pulley and if > m,

Accelerationa= (wj g
m +m,

Tension in the stringr :M,
m+m,

Force on the pulleyF _ 4mmyg
m+m,
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Two blocks are on a smooth horizontal surfaceomta@ct and a horizontal force acts on one of

M

EM F=| m

them. The contact force between themis——;
(M +m)

Newton third law states, for every action theralivays an equal and opposite reaction.
Action = - Reaction

The property which opposes the relative motion betwthe surfaces in contact is called

friction.

Advantages of Friction:

I) Safe walking on the floor is due to the frictibetween the floor and the feet.
i) Nails and screws are driven in the walls oroden surfaces due to friction.
iii) Friction helps the fingers to hold a drinkimgater tumbler or pen.
Disadvantages of Friction:

I) Friction results in the large amount of powass in engines.

i) Due to friction, the wear and tear of the maehincreases.

iif) Due to friction, heat is generated which g@ssa waste.

Methods to Reduce Friction:

1) By Polishing.

i) By using Lubricants.

iif) By using Ball bearings.

iv) Streamlining.

19. Types of Friction:

I) The force of friction when there is no rela@imotion between the bodies in contact is called

static friction.

i) Static friction is a self adjusting force.

ii) When the body is ready to slide the stétiction becomes maximum and it is called

Limiting Friction.

b) Kinetic Friction:

1) The frictional force that exists between thalies which are in relative motion with each
other in called kinetic (or) sliding friction.
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c¢) Rolling Friction:
1) Rolling friction comes into play when a yosuch as a wheel rolls on a surface.

i) The rolling frictional force is inversely pportional to the radius of the rolling body.

20. Laws of Friction:
1) Friction opposes relative motion between twdates in contact.
i) Friction is independent of the area of contaetween the two surfaces.

iii) Friction is directly proportional to the noah reaction acting on the body.
f OR= f =pR

Where = coefficient of friction

21. Coefficient of static friction () = %

22. Coefficient of kinetic friction f.,) :%K

23. Coefficient of rolling friction( 4, ) :f—F;
Hs= By 2K,
24. Inclined Plane:
If 6 is angle of inclination and is angle of friction
a)Normal reaction R = mg cos
b) If 6 <a , the body is at rest on the plane.

Frictional force = mg sih (self adjusting force)
c) If6 =a , the body just tends to slide down the plane
Frictional force = mg sin = p mg cosx
d) If 6>a, the body slides down with acceleration
Frictional force 1, mg co9
e)Angle of reposes the angle of the rough inclined plane for whiddy placed on
it may just start sliding down.
f) Net force down the plane

F =mg (sind— pn, coso)
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g) Acceleration down the plane
a=g(sim —p,cos)

This is independent of the mass of the body

_Wsing_ and pushing forcer - _Wsing

h) Pulling forceF =
cos@-o) cos@+ @)

where W is the weight of
body, ¢ is the angle of friction and is the angle made by F with the horizontal
1) Pulling is easier than pushing.
25. Circular Motion:

a) Uses of centrifugal forces and centrifugachines.
1) Cream is separated from milk.
i) Sugar crystals are separated from molasses
i) Precipitate is separated from solution.
iv) Hemato centrifuge, Grinder, Washing machgte.
b) The angle through which a cyclist should leamevtaking sharp turnings is given by the

2
relationd =Tan™ (V—J :
rg

c) Safe speed on an unbanked road whenicde¢akes a turn of radius r is=./urg
Whereu = coefficient of friction.

d) Angle of Bankingis given by tand= v?/rg and the height of banking is given by
h = Lsin@ where L is the width of the road.
v: _h

If 8 isvery small, the=—=—
rg L
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Very Short Answer Questions

What is inertia? What gives the measure of ineia?

If the net external force is zero, a body at resttinues to be at rest and a body in motion

continues to move with uniform velocity. This projyeof a body is called inertia.
Mass is the measure of inertia.

According to Newton'’s third law, every fore is accompanied by an equal and opposite

force. How can a movement ever take place?

Action and reaction act on two different bodiékence movement of each body is due to

either action or reaction.

When a bullet is fired from a gun, the gun give a kick in the backward direction.

Explain.

This is due to the law of conservation of lineasmentum. When a bullet is fired from a gun,

the gun moves back due to reaction. This is calledecoil of the gun.

Why does a heavy rifle not recoil as strongly aa light rifle using the same cartridges?

From the law of conservation of momentity = mv=V :%

Hence a heavy rifle does not recoil as stronglg kght rifle because of its heavy mass

If a bomb at rest explodes into two pieces, th@eces must travel in opposite

directions. Explain.

Since the initial momentum of the bomb is zats,final momentum should be zero. If the

bomb breaks into two pieces of massesand nj moving with velocities yand v, then

mv,+mv,=0 Or nv,=- myv,Hence the two pieces move in opposite directions.
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Define force. What are the basic forces in nataf?
Force:

A physical quantity that changes or tries to cleating state of rest (or) of uniform motion

along a straight line. Basic forces in nature are

1) Gravitational forces 2) Electromagnetic forces
3) Weak nuclear forces 4) Strong nuclear forces
Can the coefficient of friction be greater tharone?

. In general, coefficient of friction is ledsain one. For a heavily polished surface the fitio
force increases due to the increase of inter atbonées. In such a case coefficient of friction

will be greater than one.
Why does the car with flattened tyre stop soonéhan the one with inflated tyres?

Flattened tyre has more area of contact wighrtad. Hence rolling friction increases and there

by a car with flattened tyre stops sooner.
A horse has to pull harder during the start of themotion than later. Explain?

Static friction is more than kinetic frictiolence the horse has to pull the cart harder during

start of the cart.
What happens to the coefficient of friction, ithe weight of the body is doubled?

Coefficient of friction remains same as itmslependent of weight of the body.
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Short Answer Questions

1. A stone of mass 0.1kg is thrown vertically upwals. Give the magnitude and direction of
the net force on the stone a) During Its Upward Mabn. b) During Its Downward

Motion. c) At the highest point, where it momentaily comes to rest?

A: m=0.1kg

a) During up ward motion

Gravitational force (F) = mg = 0.1 x 9.8 = 0.98N

b) During downward motion

Gravitational force (F) = mg =0.1 x 9.8 = 0.98N

c) At the highest point, final velocity becomes@éut acceleration acts down wards
Gravitational force (F) = mg = 0.1 x 9.8 = 0.98N

2. Define the terms momentum and impulse. State drexplain the law of conservation of

linear momentum. Give its examples.
A. Momentum:
The product of mass and velocity of a body is cailee momentum.
Momentum (P) = mv
Impulse:
The product of force and time of action of forcealed impulse.
Impulse (1) = Forcex Time
Law of Conservation of Linear Momentum:

The total momentum of an isolated system of imtiamg particles remains constant

if there is no resultant external force actimgto
Explanation:

If no external force acts on the system, then mdumerof the system remains constant.
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If F =0 :%: 0=dp=0 or p=constant

Examples
I) Motion of a Rocket:

When a rocket is fired, the gases are ejectadhd@rd and as a result the rocket

moves upward.
i) Explosion of a Shell:

For a shell exploding in mid air the vector sumtltd momenta of different fragments is

equal to the initial momentum of the shell.
Why are shock absorbers used in motor cycles drcars?

When motor cycle travels on an uneven road, lstadxsorbers increase the time of impulse

and there by reduces the force.
Explain the terms limiting friction, dynamic friction and rolling friction?
Limiting Friction:

The maximum static frictional force between thedies in contact at rest is called

limiting friction.

Dynamic Friction:

Frictional force between bodies in motion ilexhdynamic friction.
Rolling Friction:

When one body rolls on the surface of the othedybdhen the friction in between the

surfaces is called rolling friction.
Explain advantages and disadvantages of Frictidh
Advantages:
1) Walking on the floor, motion of vehicle etc.psssible due to friction.

i) Nails, screws etc. are driven into walls dadriction.
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lii) A match stick is lightened due to friction.

iv) Holding the objects with hands, writing witems or pencils etc. is possible due to friction.
Disadvantages:

i) Wear and tear of machine parts are due tadnct

i) Energy losses as heat is due to friction.

Mention the methods used to decrease friction?
Methods to Reduce Friction:
a) Polishing:

Polishing the surfaces in contact decreases tteg lacking and there by friction can be

reduced.

b) Ball Bearings:

Ball bearings can reduce the friction, since rglliriction is less than the sliding friction.
c) Lubricants:

Lubricants like grease fill the irregularities Wween the surfaces in contact. Thus friction is

reduced.
d) Streamlining:
Automobiles and aero planes are streamlined tacesthe air friction.
Sate the laws of rolling Friction?
1) The smaller the area of contact, lesser willhgerolling friction.
2) The larger the radius of the rolling body, kaeser will be the rolling friction.

3) The rolling friction § ) is directly proportional to the normal reactioN | .

L.eF.aN or :%, Where 4, is the co-efficient of rolling friction.
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Why is pulling the lawn roller is preferred to pushing it?
Pulling:
Let a pulling force F is applied on the lawn roléer shown.

Normal reactionN =mg - F sin8

F co¥

R rng 'F_sine
Pulling of lawn Roller RE3hinggatdawn Roller

Frictional force is given by,
fo =N = =1z (Mg - Fsing)----(1)
Pushing:
Let a pushing force F is applied on the lawn radie shown.
Normal reactionN =mg + F sin&
The frictional force is given by,
fa=tN = f3 =i (mg+Fsing)----- (2)
From equations (1) and (8)< f~ ..

Hence pulling is easier than pushing thenleoller.
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Long Answer Questions
1. a) State Newton’s second law of motion. Hencerive the equation of motion
F = ma from it.

b) A body is moving along a circular path suchHhat its speed always remains constant.

Should there be force acting on the body?
A. a) Newton'’s second law of motion:

The rate of change of momentum of a bodjresctly proportional to the net force

acting on the body and it takes place in the dioeadf force.
To derive F = ma

Consider a body of mass ‘m’ moving with velpc¢v'. Let its velocity be increased

by ‘dv’ina time interval dt due to an extal force F.

From second law of moti@rn% ,

d
F=k—(mv
4 ™)

Since the mass of the body is constant,

F=kmﬂ=k ma (-:ﬂzaj
dt dt

Where k is proportionality constant
Unit Force:

A force which produces a unit acceleration in dybof unit mass is called a unit

force.
If m = 1 unit and a =1unit, then k = 1unit

UF =ma
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b) Motion in a Circular Path:

A body is moving along a circular path with cardtspeed experiences centripetal

force towards the center of the circular path.
Define angle of friction and angle of repose.
Show that angle of friction is equal to angle ofepose for a rough inclined plane.

A block of mass 4kg is resting on a rough horizoat plane and is about to move when a
horizontal force of 30 N is applied on it. If g = 0 ms? find the total contact force exerted

by the plane on the block.
Angle of Friction (8):

The angle made by the resultant of the normalti@a@and the limiting frictional force with

normal reaction is called angle of friction.

‘A
R o N
B 0 > p
fy
] Angle of friction

Angle of Reposéa):

When the body is ready to slide down rough irediplane, the angle of inclination is equal to
the angle of repose.
: f f
From the figuretana :NS and u,=— .

N

Hencey, = tana
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mgsina

mg

mg cosa

)a

Angle of repose and angle of Friction:
Consider a body of mass ‘m’ placed on a roughmediplane of inclinationé ’

When the body ready to slide down the plane, tietidn on the block is called limiting

friction f,. At equilibrium, f, = mg sinrgd and N = mg co¥

Here 6 is the angle of repose.

Hence the angle of repose of a rough inclined gplenequal to the angle of friction of

horizontal plane.
Problem:

m = 4 Kg; F=30N ;7 g=10Ms; N=mg=410=40N

R°=N°’+F?= R=,/30°+ 40° = 5(N
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Problems

The linear momentum of a particle as a functiorof time t is given byp=a+bt , where a

and b are positive constants. What is the force aag on the particle?

p=a+hbt

_dp _

dt

Calculate the time needed for a net force of 5t¢ change the velocity of a 10kg mass by

2m/s
F =5N, m = 10kg
Change the velocity (v — u) = 2m/s

F=maz m(vt— u) 5= 10t(2)

Or t=4sec

A ball of mass m is thrown vertically upward fran the ground and reaches a height h
before momentarily coming to rest. If g is the acderation due to gravity. What is the

impulse received by the ball due to gravity force dring its flight? (Neglect air resistance)
Impulsethmatzmgz—;:ZmJZg =,/8n?gh

A constant force acting on a body of mass 3.0kdanges its speed fron2.0ms™ to 3.5ms™
in 25s. The direction of motion of the body remainsinchanged. What is the magnitude

and direction of the force?
m = 3kg,u=2ms™, v=3.5ms™'t = 25s

_ m(v —u) _ 3(3.5- 2): 1.5

25 25

F=ma F 0.18N
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A man in a lift feels an apparent weight W, wherthe lift if moving up with a uniform
acceleration of 1/3rd of the acceleration due to gwity. If the same man were in the same
lift now moving down with a uniform acceleration that is 1/2 of the acceleration due to

gravity, then what is the apparent weight?

a==g

When the lift moves upy =(g+a) = m(g +%) :4Tm———(l)

1
Now, a=—
29

When the lift is moving downy' = m(g —a)

W':(g—a):m(g—%]:%————(z)

From (1) and (2}’ :%
A container of mass 200kg rests on the back of @pen truck. If the truck accelerate at
1.5m/s?, what is the minimum coefficient of static friction between the container and the

bed of the truck required to prevent the containerfrom sliding off the back of the truck?

m =200kg ;a=1.4m /s’
F=umg Or ma=gmg oOr pu=—==""-=0.153
g

A bomb initially at rest at a height of 40m aboe the ground suddenly explodes in to two
identical fragments. One of them starts moving vertally downwards with an initial
speed of 10m/s. If acceleration due to gravity isOm/s*. What is the separation between

the fragments 2s after the explosion?

As the bomb explodes into two identical fragmetitsir velocities after explosion are equal

and opposite. As, =10m/s u, =-10m/s in upward direction.

Displacement of body (1) in 2 sec is
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S =ut+%gt2 =10x 2+—;>< 10< Z = 4n
Displacement of body (2) in 2sec is

1, 1
S, =—ut+Egt =-10x 2+Ex 10x Z2=-20- 2G |

00 Separation between two fragments after the exmiosi40 + 0 = 40m

8.  Afixed pulley with a smooth grove has a lightteng passing over it with a 4 kg attached
on one side and a 3kg on the other side. Another §ks hung from the other 3kg as shown
with another light string. If the system is releasd from rest, find the common

acceleration? (g =10m/s?)

Sol: m =3+3=#6kg
kg
mz=4kg 4k T
3keg
L (m-m)g _(6-410_,
m +m, 6+4

9. A block of mass of 2kg slides on an inclined pia that makes an angle o80° with the

horizontal. The coefficient of friction between theblock and the surface isJ3/2.

a) What force should be applied to the block so #t it moves down without any

acceleration?

b) What force should be applied to the block so #it it moves up without any

acceleration?

Sol: m=2kg, =30, g:9.8,u:§

) F=mg(sind-y, codd = X 9.E sin?b—%x cos%}z ANC
i) F=mg(sin@+ y, codd = X 9.% sin%%x cos%}: 24"
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10. A block is placed on a ramp of parabolic shapgiven by the equationy = x*/20.

If 1, =0.5, what is the maximum height above the ground at wibh the block can be

placed without slipping? (tane =u, = %)
X

Sol:

_R
4

=1.25m.

Ao

Max. Height (H)

Here x is equal to range (R)
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A block is metal of mass 2kg on a horizontal ke is attached to a mass of 0.45kg by a
light string passing over a frictionless pulley athe edge of the table. The block is
subjected to a horizontal force by allowing the 08kg mass to fall. The coefficient of
sliding friction between the block and table is 0.2Calculate a) The Initial acceleration

b) The Tension in the string ¢) The Distance the btk would continue to move if, after 2s

of motion, the string should break

T

M=2kg
T

M= 045 Ky
M, =2kg, M, =0.4%g, ;£=0.2
) For M, T-yM.g=Ma - (1)
For M, M,g-T=M_g - (2)

oo (M, =pM)g _ (0.45- 0.2 2)9.¢
M, +M, 2.45

_ 0.05x 9.¢
2.45

Or a=0.2m/s’

ii) Tension (T)=M,(a+ xg) =2(0.2+ 0.2 9.8
=0.4(1+9.8)=0.0@) T =4.32N
i) a=0.2m/s*, t=2s
The velocity of the block before the string breaks u + at
v=0+0.2 x 2=0.4m /s, after break if the block travels a distancergent

K.E= umg.s=1/2mu?

0.2x 2x 9. szlxzx (0.4 = szﬂ = 0.04in= 4.dm
2 0.4x 9.8
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12. On a smooth horizontal surface a block A of masl0kg is kept. On this block a second
block B of mass 5kg is kept. The coefficient of fction between the two blocks is 0.4. A
horizontal force of 30N is applied on the lower blok as shown. The force of friction

between the blocks is (Taking =10m/s?).

n = .
N -y
A 30N

frictionless

A. Applied forceF =(m +m,)a= (10+ 5a= a= 2m/s’

Frictional force between two blocks fs=m,a=5x2=10N
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