Newton's Laws
Unit - 3 Of Motion

And Friction

3.1 Inertia

(1) Inherent property of all the bodies by virtue of which they cannot
change their state of rest or uniform motion along a straight line by
their own is called inertia.

(2) Two bodies of equal mass possess same inertia because it is a factor
of mass only.

3.2 Linear Momentum

(1) Linear momentum of a body is the quantity of motion contained in
the body.

(2) It is measured as the product of the mass of the body and its velocity
i.e.,, Momentum = mass x velocity.

5
If a body of mass m is moving with velocity v then its linear
=3 - -

momentum p is given by p =mv.

(3) It is a vector quantity and it’s direction is the same as the direction
of velocity of the body.

(4) Units : kg-m/sec [S.I.], g cm/sec [C.G.S.]
(5) Dimension : [MLT]

3.3 Newton’s First Law

A body continue to be in its state of rest or of uniform motion along a
straight line, unless it is acted upon by some external force to change
the state.

(1) If no net force acts on a body, then the velocity of the body cannot
change i.e., the body cannot accelerate.



(2) Newton’s first law defines inertia and is rightly called the law of
inertia. Inertia are of three types :

Inertia of rest, Inertia of motion, Inertia of direction.

3.4 Newton’s Second Law
(1) The rate of change of linear momentum of a body is directly proportional
to the external force applied on the body and this change takes place
always in the direction of the applied force.

o

(2) Ifabody of mass m, moves with velocity v then its linear momentum

—

can be given by p = mv and if force F is applied on a body, then

or F = _c?r—(K =11in C. G. S. and S. 1. units)

- —
F = ma (Force = mass X acceleration)

3.5 Force
(1) Force is an external effect in the form of a push or pulls which :
(1) Produces or tries to produce motion in a body at rest.
(11) Stops or tries to stop a moving body.
(ii1) Changes or tries to change the direction of motion of the body.
(2) Dimension : Force = mass X acceleration
[F] =[M][LT*] = [MLT ?]
(3) Units : Absolute units : (i) Newton (S.1.) (ii) Dyne (C.G.S.)

Gravitational units : (i) Kilogram-force (M.K.S.) (ii) Gram-force
(C.G.S)

(4) F =ma formula is valid only if force is changing the state of rest
or motion and the mass of the body is constant and finite.

—3

Y o =
. ) E d.= dv dm

5) if m is not constant F = 2 (mv) = m— + v 225

5) e (mv)=m 7 ! %

(6) No force is required to move a body uniformly along a straight line.

F=ma, .. F=0 (Asa=0)

(7) When force is written without direction then positive force means
repulsive while negative force means attractive.

Physics Class XI



(8) Out of so many natural forces nuclear force is strongest while
gravitational force weakest.

(9) Central force : If a position dependent force is always directed
towards or away from a fixed point it is said to be central otherwise
non-central.

(10) Conservative or non-conservative force : If under the action of
a force the work done in a round trip is zero or the work is path
independent, the force is said to be conservative otherwise non-
conservative.

Example : Conservative force : Gravitational force, electric force, elastic
force.

Non-conservative force : Frictional force, viscous force.
(11) Common forces in mechanics :

(i) Weight : Weight of an object is the force with which earth
attracts it. (W = mg)

(ii) Reaction or Normal force : When a body is placed on a rigid
surface, the body experience a force which is perpendicular to
the surfaces in contact. Then force is called ‘Normal force’ or
‘Reaction’.

(iii) Tension : The force exerted by the end of taut string, rope or
chain against pulling (applied) force is called the tension. The
direction of tension is so as to pull the body.

(iv) Spring force : Every spring resists any attempt to change its
length. This resistive force increases with changes in length.
Spring force is given by F = —Kx; where x is the change in
length and K is the spring constant (unit N/m).

3.6 Equilibrium of Concurrent Force

(1) [If all the force working on a body are acting on the same point, then
they are said to be concurrent.

(2) A body, under the action of concurrent forces, is said to be in
equilibrium, when there is no change in the state of rest or of uniform
motion along a straight line.

(3) The condition for the equilibrium of a body is that the vector sum
of all the forces acting on the body must be zero.
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3.7 Newton’s Third Law

To every action, there is always an equal (in magnitude) and opposite (in
direction) reaction.

If Fap= force exerted on body A by body B (Action) and F A= force
exerted on body B by body A (Reaction)

Then according to Newton’s third law of motion Fag = — ;; BA
Example :

(i) A book lying on a table exerts a force on the table which is equal to
the weight of the book. This is the force of action.

(i) Swimming is possible due to third law of motion.
(ii1)) When a gun is fired, the bullet moves forward (action). The gun
recoils backward (reaction).
3.8 Frame of Reference

(1) A frame in which an observer is situated and makes his observations
is known as his ‘Frame of reference’.

It is associated with a co-ordinate system.

(2) Frame of reference are of two types : (i) Inertial frame of reference
(i1) Non-inertial frame of reference.

(1) Inertial frame of reference :

(a) A frame of reference which is at rest or which is moving with
a uniform velocity along a straight line is called an inertial
frame of reference.

(b) In inertial frame of reference Newton’s laws of motion holds
good.

(c) Ideally no inertial frame exist in universe. For practical
purpose a frame of reference may be considered as inertial it
it’s acceleration is negligible with respect to the acceleration
of the object to be observed.

Example : The lift at rest, lift moving (up or down) with constant velocity.
(i1)) Non inertial frame of reference :

(a) Accelerated frame of references are called non-inertial frame
of reference.

(b) Newton’s laws of motion are not applicable in non-inertial
frame of reference.
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Example : Car moving in uniform circular motion, lift which
is moving upward or downward with some acceleration, plane
which is taking off.

3.9 Impulse

(1)

2
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When a large force works on a body for very small time interval, it
is called impulsive force.

An impulsive force does not remain constant, but changes first from
zero to maximum and then from maximum to zero. In such case we
measure the total effect of force.

Impulse of a force is a measure of total effect of force.

— ty
I =] "Fdt
|

Impulse is a vector quantity and its direction is same as that of force.
Dimension : [MLT']

Units : Newton second or Kg-ms™! (S.I.) and Dyne second or
gm cm s~ (C.G.S.)

Force-time graph- Impulse is equal to the area under F-7 curve.

Force

~

Time

. ) 1
I = Area between curve and time axis = 5 Ft

If F_ is the average magnitude of the force, then

fh i
1= | Fdt= FJ dt=F At
] n av
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=
From Newton’s second law, F= 7’;)
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i.e., The impulse of a force is equal to the change in momentum.
This statement is known as Impulse momentum theorem.
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(10) Examples. Hitting, kicking, catching, jumping, diving, collision etc.

In all these cases an impulse acts, [ = j Fdi=F . At=Ap = constant
So if time of contact A ¢ is increased, average force is decreased (or
diluted) and vice-versa.

(1) In catching a ball a player by drawing his hands backwards
increases the time of contact and so, lesser force acts on his
hands and his hands are saved from getting hurt.

(11) China wares are wrapped in straw or paper before packing.

3.10 Law of Conservation of Linear Momentum

If no external force acts on a system (called isolated) of constant mass,
the total momentum of the system remains constant with time.
. . . = dp
(1) According to this law for a system of particles F = —
¢
s -3
In the absence of external force F= 0 then ” = constant.

= 5 — R

ie, P= Py Pyt Py® v = constant.

(2) Law of conservation of linear momentum is independent of frame of
reference though linear momentum depends on frame of reference.

(3) Practical applications of the law of conservation of linear momentum

(i) When a man jumps out of a boat on the shore, the boat is pushed
slightly away from the shore,

(i1) A person left on a frictionless surface can get away from it by
blowing air out of his mouth or by throwing some object in a
direction opposite to the direction in which he wants to move,

(ii1) Recoiling of a gun-Tor bullet and gun system, the force exerted by
trigger will be internal so the momentum of the system remains
unaffected.

3.11 Free Body Diagram

In this diagram the object of interest is isolated from its surroundings and
the interactions between the object and the surroundings are represented
in terms of forces.
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3.12 Apparent Weight of a Body in a Lift

When a body of mass m is placed on a weighing machine which is placed

in a lift, then actual weight of the body is mg.

This acts on a weighing machine which offers a reaction R given by the

reading of weighing machine. The reaction exerted by the surface of

contact on the body is the apparent weight of the body.

Condition Figure velocity Acceleration Reaction Conclusion
Lift is at rest LIFT v=20 a=0 R—-mg=0  Apparent weight
.. R=mg = Actual weight
R
Sprir|; :J]am‘e
mg
Lift moving ILITEAC v = constant a = 0 R-mg=0  Apparent weight
upward or ~ R=mg = Actual weight
downward 3

with constant

velocity

H

Spring |Balanc

mg

Lift accelerating

LIFT

v = variable a < g

R —mg =ma

Apparent weight

upward at the R =m(g+a) > Actual weight
rate of ‘a’ R ’a
Spring |Balanc
mg
Lift accelerating LIFT V = variablea = g R —mg=mg Apparent weight
upward at the R =2mg = 2 Actual weight
rate of ‘g’ » ‘a
Spring |Balanc
mg
Lift accelerating LIFT V = variablea < g mg — R =ma Apparent weight

downward at
the rate of ‘a’

Spring |Balancg]
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Lift accelerating LIFT V = variablea = g mg — R =mg Apparent weight
downward at R=0 = Zero
the rate of ‘g’ 3 Ia (weightlessness)

Spring |Balanc:

mg

Lift accelerating LIFT V = variablea > g mg — R =ma Apparent weight
downward at . R =mg — ma negative means the
the rate of . R=-ve body will rise from
a( > g) |—E| g the floor of the

Spring |Bal

3.13 Acceleration of Block on Horizontal Smooth Source
(1) When a pull is acting at an angle (0) to the horizontal (upward)
R + F sin 0 =mg

= R=mg—-Fsin 6
and F cos 6 =ma
3 FcosB
4= "
FsinOTR
&
0
w F cos ©
| ms

3.14 Acceleration of Block on Smooth Inclined Plane
(1) When inclined plane is at rest.

Normal reaction R = mg cos 6
Force along a inclined plane F = mg sin 0
ma =mg sin 0

a=gsin 0



(2) When a inclined plane given a horizontal acceleration ‘b’. Since
the body lies in an accelerating frame, an inertial acts on it in the
opposite direction.

Normal reaction R = mg cos 6 + mb sin 0
and ma =mg sin O — mb cos 0

a=gsinB—bcos 0

mb cos 6

3.15 Motion of Block in Contact

Condition Free body diagram Equation Force and acceleration
m,a F
F-f=ma a=
o lm | ! 1 my + m,
B
A
F
— | m e m,a
— -
7 n, I
f =m,a e —
— M ! 2 m, +m,
m,a F
2 =m,a a=
m, | et ! 1 my +m;
B
A
m, [ My (i _ma,
m F
f m F F — -
23 —f=m-a =
J=m, f my + ni,
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F

F_f1 —ma a= my + niy +
(my +my)F
fl_fzzmza fl - my +m, + my
msy F
f2:m3a fé: my + iy + g
F
fl - ma a= my +m, + iy
m F
L4 2 /i my +my + my
(my +m,)F
F—f,=mya h=

my +my + s

3.16 Motion of Blocks Connected by Mass Less String

Condition Free body diagram Equation Tension and acceleration
ma F
m, —s T=ma a= m + m,
B
A
F
o, 2 m,a .
2%, my F
T F-T=m,a T=—"7""—
m, m, + niy
m,a z
D— F
F-T= =
T m, F a a my + iy
B
A
F
«— @iy L m,a
T T m, F
e m, — B m, + m,
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F

T,=ma a="%5—=—
my +my +my
—_— a
L l m, T m, F T T T my F
2T b T My L my +my + m
(my +m,)F
F-T,=m.a T,=—"—""—
2 3 2 my+my+my
m,a .
F T
F-T =ma a= my +my +my
B C mya
A (m, +my)F
Fe T, T, m T, T, B _ A F )Y
el T T - T, =ma L my +my +my
m,a
T my F
- ™ T2 —mid T2 Comy A my +my
3.17 Motion of Connected Block over A Pulley
Condition Free body diagram Equation Tension and acceleration
T2 21,4
ma=T, —-mg T, = ——
1 1 1 L my+m,
"Tl
T. A B _ Amm,
1 m,a=m,g — T T,= """
2 28 1 2 my+m,
mfq
v ‘
a m,g ny = m,
T, =2T a=|—_—"_"1/8
v 2 1 my +m,
m,g

' Newton's Law Of Motion And Friction




_2m[my 4+ my)

I ma=T, —mg T

m, Tmla 1 1 1 my + i,y +m; :
l m, g
T CTOT T 2mymy
m.,a = m — e
lmza 2 28 2 2 my+my+m, =
m,g + T,
(i
m; lm3a
l m;g
4imymy
T3 m,a —=—m — T T = Ee————————
3 38 2 3 my+my+my =
Tl Tl

(m, +my)—m
T =2T1 a= [ 2 3 I]g
my 4+ my + my

3.18 Friction (Introduction)

If we slide or try to slide a body over a surface the motion is resisted by a
bonding between the body and the surface. This resistance is represented

by a single force and is called friction.
The force of friction is parallel to the surface and opposite to the direction

of intended motion.

3.19 Types of Friction
(1) Static friction : The opposing force that comes into play when objects

are at rest.

(1) In this case static friction F = Pressure.



2

3

(i1) Static friction is a self-adjusting force because it changes itself

in accordance with the applied force.

Limiting friction : The maximum value of static friction upto which

body does not move is called limiting friction.

(1) The magnitude of limiting friction between any two bodies in
contact is directly proportional to the normal reaction between

them.
F,aRor F=pR

(i1) Direction of the force of limiting friction is always opposite to

the direction in which one body is at the verge of moving.
(ii1) Coefficient of static friction :

(@) p is called coefficient of static friction.

(b) Dimension : [MLT?]

(c¢) Unit : It has no unit.

(d) Value of p, lies in between 0 and 1

(e) Value of p depends on material and nature of surfaces in

contact.

(f) Value of p does not depend upon apparent area of contact.

Kinetic or dynamic friction : If the applied force sets the body in

motion, the friction opposing the motion is called kinetic friction.
(1) Kinetic friction depends upon the normal reaction friction.

F, o R or F, = w,R where p, is called the coefficient of kinetic

friction.

(i) Kinetic friction is always lesser than limiting friction F, < F,,

Newton's Law Of Motion And Friction
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Thus we require more force to start a motion than to maintain it
against friction. This is because when motion has actually started,
irregularities of one surface have little time to get locked again

into the irregularities of the other surface.
(iv) Types of kinetic friction : (a) Sliding friction (b) Rolling friction

e Rolling friction is directly proportional to the normal reaction

(R) and inversely proportional to the radius (r) of the rolling
cylinder or whell.
B R

FRrolling =K, T
u is called coefficient of rolling friction. It would have the

dimensions of length and would be measured in metre.

e Rolling friction is often quite small as compared to the sliding

friction.
e In rolling the surfaces at contact do not rub each other.

e The velocity of point of contact with respect to the surface

remains zero all the times.

3.20 Graph Between Applied Force and Force of Friction

Oy
2
(®))

(C))

Part OA = static friction (F)).

At point A = limiting friction (F,).

Beyond A, the force of friction is seen to decrease slightly.
The portion BC = kinetic friction (F)).

As the portion BC of the curve is parallel to x axis therefore kinetic

friction does not change with the applied force.
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R
Li'm%ting é A
friction (\tH ............................................. B C
Kinetic ‘/g F,
friction £ F, F,
Static e
friction o Applied force

3.21 Angle of Friction

Angle of friction may be defined as the angle which the resultant limiting
friction and normal reaction makes with the normal reaction.

F
By definition angle 0 is called he angle of friction tan 6 =

R
C 2
\ R
- \Q
C| ;é —+—>P
F |O
mg
v
F
tan 6 = [As we know = ]
or 0 =tan"' (u)

3.22 Angle of Repose

Angle of repose is defined as the angle of the inclined plane with horizontal
such that a body placed on it is just begins to slide.

If a is called the angle of repose.

a = 0 i.e., angle of repose = angle of friction.

mg cos o

C
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10.
11.
12.

13.

14.

15.
16.
17.

18.

19.
20.
21.

UNIT-III (Laws of Motion)
1 Mark Questions
A passenger sitting in a car at rest, pushes the car from within. The car
doesn’t move, why ?

Give the magnitude and directions of the net force acting on a rain drop
falling with a constant speed.

Why the passengers in a moving car are thrown outwards when it suddenly
takes a turn ?

You accelerate your car forward. What is the direction of the frictional force
on a package resting on the floor of the car ?

What is the purpose of using shockers in a car ?
Why are tyres made of rubber not of steel ?
Wheels are made circular. Why ?

If a ball is thrown up in a moving train, it comes back to the thrower’s
hands. Why ?

Calculate the force acting on a body which changes the momentum of the
body at the rate of 1 kg-m/s?.

On a rainy day skidding takes place along a curved path. Why ?
Why does a gun recoils when a bullet is being fired ?

Why is it difficult to catch a cricket ball than a tennis ball even when both
are moving with the same velocity ?

The distance travelled by a moving body is directly proportional to time. Is
any external force acting on it ?

Calculate the impulse necessary to stop a 1500 kg car moving at a speed of
25 ms™.

Lubricants are used between the two parts of a machine. Why ?
What provides the centripetal force to a car taking a turn on a level road ?

A body is acted upon by a number of external forces. Can it remain at
rest ?

Bodies of larger mass need greater initial effort to put them in motion.
Why ?
An athlete runs a certain distance before taking a long jump. Why ?

Action and reaction forces do not balance each other. Why. ?

The wheels of vehicles are provided with mudguards. Why ?
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22.
23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

China wares are wrapped in straw paper before packing. Why ?
Why is it difficult to walk on a sand ?

The outer edge of a curved road is generally raised over the inner edge.
Why ?

Explain why the water doesn’t fall even at the top of the circle when the
bucket full of water is upside down rotating in a vertical circle ?

Why does a speedy motor cyclist bends towards the centre of a circular path
while taking a turn on it ?

An impulse is applied to a moving object with a force at an angle of 20°
w.r.t. velocity vector, what is the angle between the impulse vector and
change in momentum vector ?

2 Marks Questions

A man getting out of a moving bus runs in the same direction for a certain
distance. Comment.

If the net force acting upon the particle is zero, show that its linear
momentum remains constant.

A force of 36 dynes is inclined to the horizontal at an angle of 60°. Find the
acceleration in a mass of 18 g that moves in a horizontal direction.

The motion of a particle of mass m is described by 4 = ut + 1/2 gf* . Find
the force acting on particle. (F = mg)

A particle of mass 0.3 kg is subjected to a force of F = — kx with k£ = 15
Nm! . What will be its initial acceleration if it is released from a point
20 cm away from the origin ?

A 50 g bullet is fired from a 10 kg gun with a speed of 500 ms~!. What is
the speed of the recoil of the gun.

Smooth block is released at rest on a 45° incline and then slides a
distance d. If the time taken of slide on rough incline is » times as large
as that to slide than on a smooth incline. Show that coefficient of friction.

]
= =),
H ( n-’]

A spring balance is attached to the ceiling of a lift. When the lift is at rest
spring balance reads 49 N of a body hang on it. If the lift moves :

(i) Downward

(i) upward, with an acceleration of 5 ms—
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36.
37.
38.

39.
40.
41.

42.

43.

44.

(ii1)) with a constant velocity.

What will be the reading of the balance in each case ?

It is easier to pull a roller than to push it. Why ? (using vector diagram)

A horse cannot pull a cart and run in empty space. Why ? (using diagram)

A bob of mass 0.1 kg hung from the ceiling of room by a string 2 m long
is oscillating. At its mean position the speed of a bob is 1 ms~!. What is the
trajectory of the oscillating bob if the string is cut when the bob is

(i) At the mean position

(i) At its extreme position.

Define force of friction. How does ball bearing reduce friction ?
Define angle of friction and angle of repose.

A block placed on a rough horizontal surface is pulled by a horizontal force
F. Let f be the force applied by the rough surface on the block. Plot a graph
of f versus F.

A mass of 2 kg is suspended with thread AB. Thread CD of the same type
is attached. To the other end of 2 kg mass.

(1) Lower end of the lower thread is pulled gradually, hander and hander
is the downward direction so as to apply force on AB. Which of the

thread will break & why ?

A
Y777777777777777777777777777777777 8

B

2kg

C

D
(i1) If the lower thread is pulled with a jerk, what happens ?
A block of mass M is held against a rough vertical wall by pressing it with
a finger. If the coefficient of friction between the block and the wall is p and
the acceleration due to gravity is g, calculate the minimum force required to
be applied by the finger to held the block against the wall ?

NUMERICALS (3 Marks Questions)

A block of mass 500 g is at rest on a horizontal table. What steady force is
required to give the block a velocity of 200 cms™' in4 s ?
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45.

46.

47.

48.

49.

50.

A force of 98 N is just required to move a mass of 45 kg on a rough horizontal
surface. Find the coefficient of friction and angle of friction ?

Calculate the force required to move a train of 2000 quintal up on an incline
plane of 1 in 50 with an acceleration of 2 ms™. The force of friction per
quintal is 0.5 N.

A force of 100 N gives a mass m,, an acceleration of 10 ms™ and of 20
ms 2 to a mass m,. What acceleration must be given to it if both the masses
are tied together ?

The pulley arrangement of fig. are identical. The mass of the rope is
negligible. In (a) mass m is lifted up by attaching a mass (2 m) to the other
end of the rope. In (b), m 1s lifted up by pulling the other end of the rope
with a constant downward force F = 2 mg. In which case, the acceleration
of m is more ?

2mg F=2mg

Fig. shows the position-time graph of a particle of mass 4 kg. What is the

0 4 «S)

(a) Force on the particle for 1 <0, t>4s, 0 <¢<4s ?
(b) Impulse at =0 and ¢ =4s ?
(Consider one dimensional motion only)

What is the acceleration of the block and trolley system as the fig., if the
coefficient of kinetic friction between the trolley and the surface is 0.04 ?
Also Calculate friction in the string.
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51.

52.

53.

54.

5S.

Take g = 10 m/s?, mass of the string is negligible.

20 kg .

mii( T kef
W 3
Three blocks of masses m; = 10 kg, m, = 20 kg are connected by strings
on smooth horizontal surface and pulled by a force of 60 N. Find the
acceleration of the system and frictions in the string.

—>sa

M
o T, T, v, |BT 3 .

The rear side of a truck is open and a box of 40 kg mass is placed 5m
away from the open end. The coefficient of friction between the box and
the surface below it is 0.15 on a straight road, the truck starts from rest and
accelerates with 2 m/s?. At what distance from the starting point does the
box fall off the truck ? (ignore the size of the box)

Ablock slides down as incline of 30° with the horizontal. Starting from rest,
it covers 8 m in the first 2 seconds. Find the coefficient of static friction.

A helicopter of mass 2000 kg rises with a vertical acceleration of 15 m/s?.
The total mass of the crew and passengers is 500 kg. Give the magnitude
and direction of the :

(1) Force on the floor of the helicopter by the crew and passenger.
(i) Action of the rotor of the helicopter on the surrounding air
(iii) Force on the helicopter due to the surrounding air (g =10 m/s?)

Arectangular box lies on a rough inclined surface. The coefficient of friction
between the surface and the box is (i). Let the mass of the box be m.

(a) At what angle of inclination 6 of the plane to the horizontal will the
box just start to slide down the plane ?

(b) What is the force acting on the box down the plane, if the angle of
inclination of the plane is increased to o > 0.

(c) What is the force needed to be applied upwards along the plane to
make the box either remain stationary or just move up with uniform
speed ?
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56.

57.

58.

59.

60.

61.

62.

(d) What is the force needed to be applied upwards along the plane to
make the box move up the plane with acceleration a ?
Two masses of 5 kg and 3 kg are suspended with help of mass less

inextensible string as shown. Calculate T, and T, when system is going
upwards with acceleration m/s?. (Use g = 9.8 m/s?)

(RN e

There are few forces acting at a Point P produced by strings as shawn,
which is at rest, Find the forces F| & F,

IN
2NNyse

= F,

A hunter has a maching gun that can fire 50g bullets with a velocity of
150 ms™' . A 60 kg tiger springs at him with a velocity of 10 ms™'. How
many bullets must the hunter fire into the target so as to stop him in his
track ?

Two blocks of mass 2 kg and 5 kg are connected by an ideal string passing
over a pulley. The block of mass 2 kg is free to slide on a surface inclined at
an angle of 30° with the horizontal whereas 5 kg block hangs freely. Find
the acceleration of the system and the tension in the string.

Show that Newton’s second law of motion is the real law of motion.
5 Marks Questions

Define the principle of conservation of linear momentum. Deduce the law
of conservation of linear momentum from Newton’s third law of motion.

Why circular roads are banked ? Derive an expression for angle of banking
for safe circular turn. Consider that coefficient of friction between the tyre

and road is L.
Newton's Law Of Motion And Friction




63. Obtain an expression for minimum velocity of projection of a body at the
lowest point for looping a vertical loop.

64. Show that the area under the force-time graph gives the magnitude of the
impulse of the given force for the following case when (i) force is constant
(11) variable force.

65. Derive an expression for acceleration of a body down a rough inclined
plane ? (Sliding only)

66. With the help of suitable example, explain the terms static friction, limiting
friction and kinetic friction. Show that static friction is a self adjusting
force. Also plot the graph showing the variation between applied force
F and force of friction f.

ASSERTION - REASON BASED QUESTIONS

For each questions, two students are given - one labelled Assertion (A) and
the other labelled Reason (R). Select the correct answer to these questions
from the codes (a), (b), (c) & (d) are given below.

(a) Both A and R are true but R is the correct explanation of A.

(b) Both A and R are true but R is NOT the correct explanation of A.
(c) Ais true but R is false.

(d) A is false but R is also false.

1. Assertion (A) : A rocket moves forward by pushing the surrounding air
backwards.

Reason (R) : It drives the necessary thrust to move forward according to
Newton's third law of motion.

2. Assertion (A) : A man in a closed cabin, which is falling freely, does not
experience gravity.

Reason (R) : Inertial and gravitational masses have equivalence.

3. Assertion (A) : Centripetal force is always required for motion in curved
path.

Reason (R) : On a banked curved track, vertical component of normal
reaction provides the necessary centripetal force.

4. Assertion (A) :It is difficult to move a cycle along the road with brakes
on.

Reason (R) : Sliding friction is greater than rolling friction.
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10.

Q1.

Assertion (A) : Friction forces are conservative forces.

Reason (R) : Potential energy can be associated with frictional force.

Assertion (A) : Use of ball bearings between two moving parts of a machine
1S a common practice.

Reason (R) : Ball bearings reduce vibrations and provide good stability.

Assertion (A) : The driver in a vehicle moving with a constant speed on
a straight road is a non-inertial frame of reference.

Reason (R) : A reference frame in which Newton's laws of motion are
applicable is non-inertial.

Assertion (A) : A table cloth can pulled from a table without disloding the
dishes.

Reason (R) : To every action there is an equal and opposite reaction.

Assertion (A) : The apparent weight of a body in an elevator moving with
some downward acceleration is less than the actual weight of a body.

Reason (R) : The part of the weight is spent in producing downward

acceleration, when body is in elevator.

Assertion (A) : Angle of repose is equal to angle of friction.

Reason (R) : When a body is at the point of motion, the force of friction
at this stage is called limiting friction.

CASE STUDY BASED QUESTIONS

A person weighing 60 kg is standing on a platform scale balance kept on
the floor of an elevator cab. The elevator cab is capable of motion in up
or down direction with either a uniform velocity or a constant acceleration.
The value of velocity as well as acceleration may be adjusted at any suitable
value. Newton's second law of motion can be applied for the motion of
elevator cab.

(1) The observed weight a person in an elevator is -
(a) remains same and is equal to actual weight
(b) always increases
(c) always decreases
(d) Increases or decreases depending upon motion of elevator
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(i)

(iii)

(iv)

)

Find the observed weight of the person as recorded by the balance
when, the elevator cab is moving upward with a constant velocity of
2 m/s.

(a) 0 N (b) 30 gN () 60 N (d) 90 gN

The elevator cab is in an accelerated motion in vertical downward
direction, with an acceleration of g/4

(a) 0N (b) 45 gN (c) 90 gN (d) 60 gN

The elevator cab starts falling downward freely due to some
mechanical failure in its control system.

(a) 0N (b) 75 gN (c) 120 gN (d) 90 gN

The elevator cab is accelerating uniformly in upward directions

with uniform acceleration of g/2.
(a) ON (b) 120 gN (c) 30 gN (d) 90 gN

Q2. When two bodies are in contact, each experiences a contact force by
the other. The component of the contact force parallel to the surfaces in
contact, which opposes impending or actual relative motion between the
two bodies in contact is opposed by static friction. Kinetic friction opposes
actual relative motion between two bodies in contact.

There is a yet another type of friction which opposes rolling motion of
one body over the surface of another body. It is called rolling friction.

We often regard friction as something undesirable. However in many
practical situations friction is critically needed.

(@)

(i)

What is the direction of friction?

(a) Friction always acts tangential to the surface in contact.

(b) Friction acts normal to the surface in contact.

(c) Direction depends upon weight of body which moves over surface
of another body.

(d) None of these.

Which one of the statement is not correct about friction?

(a) friction is an self adjusting force.

(b) force of friction is independent of area of contact as long as normal
reaction remains same.

(c) sliding friction is greater than static friction.

(d) limiting friction is the maximum static friction.

(ii1)) An automobile is moving on a horizontal road with a speed V. If the

Physics Class XI



(iv)

)

coefficient of friction between the tyres and the road is p. What is

the shortest distance in which the automobile can be stopped?
2 2 2 2

v 2v % %
(a) — (b) — () — (d) -—
Hg Hg 4ug 2ug

What will be the maximum acceleration of the train in which a box
lying on the floor will remain stationary? Given that the coefficient
of friction between the box and trains floor is 0.15. (g= 10m/s?).

(a) 2 m/s? (b) 2.5 m/s? (c) 1 m/s? (d) 1.5 m/s?
In figure, the masses of blocks A & B are 10 kg and 5 kg. Calculate

the minimum mass of C which may stop A from slipping. Coefficient
of friction between block A and table is 0.2.

R
A
L™ 1
e ALl [m i
(m,+m)g B |
m,g
(a) 5 kg (b) 15 kg (c) 25 kg (d) 35 kg

Q3. In our daily life experiences, we sometime encounter situations where a
force acts on a body for a very short interval of time. For example when
a batsman hits a ball by the bat with some force, then time of contact
between the bat and the ball is very short. In this situation, a finite change
in momentum of the ball is produced by the force, which is provided by
the bat with in the small duration of time. The product of force and the
time duration for which the force acts on a body is called impulse and is
equal to change in momentum of the body.

(1)

(i)

Which of the following physical quantity has same dimensional
formulae as that of impulse?

(a) Pressure (b) Momentum

(c) Tension (d) Surface energy

A batsman hits back a ball straight in the direction of bowler without
changing its initial speed of 12 m/s. If the mass of the ball is 0.15 kg,

determine the impulse imparted to the ball. (Assume linear motion
of the ball)

(a) 1.8 Ns (b) 2.2 Ns (c) 3.6 Ns (d) 4.8 Ns
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(ii1) Figure shows the position-time graph of a particle of mass 4 kg. What

(iv)

(V)

is the impulse at t = 4s.
(a) -3 kg m/s

(b) 3 kg m/s

(c) 2 kg m/s

(d) -2 kg m/s ol 4 m—

Figure shows the position time graph of a body of mass 0.04 kg.
What is magnitude of impulse at t = 2s.

(a) 16 x 10* kg ms™! T ]
X {em

(b) 2 x 10* kg ms™!

(c) 4 x 10* kg ms™!

(d) 8 x 10 kg ms™! tis) —>

A 3 kg ball strikes a heavy rigid wall with a speed of 10 m/s at an
angle of 60 with normal to wall. It gets reflected with the same speed
and is in contact with wall for 0.2s. What is impulse exerted by wall
on ball.

(a) 60 Ns
(b) 30 Ns
(c) 15 Ns
(d) 20 Ns

Q4. The maximum permissible speed for a vehicle to negotiate a tum on a level
circular road (without getting slip), depends upon the value of coefficient
of friction p between the tyres and road. But in practice, this limiting
value of speed for sharp tum is quite low, especially in hilly areas where
the turns are too sharp. In order to move the vehicle at a reasonable speed
without getting skid/slip to go around the sharp tums of the inner one. It
is called banking of road.

Banking of roads provide the necessary centripetal force which is needed
to make sharp tum with reasonable speed and without getting skid.

(1)

Force responsible for the circular motion of the body is

(a) Centripetal force (b) Centrifugal force
(c) Gravitational force (d) None of these
Physics Class XI



(1)) What is maximum safe speed of car negotiating a circular tum of
radius 7 on a friction less banked track with angle of banking 67

(@) Vrtan6 (b) yJrgsin®
(c) Jgtan© (d) rgtan®

(i11)) What is maximum safe speed of car in a circular road of radius
3m? The coefficient of friction between the tyres and road is 0.1.
(Take g = 10 m/s?

(a) 1.43 m/s (b) 1.73 m/s (c) 1.63 m/s (d) 1.53 m/s

(iv) Which statement is not correct about banking of roads?
(a) Banking of roads reduces wear and tear on tyres of vehicles.
(b) It provide required centripetal force.
(c) It reduces the friction between road and the tyres.
(d) All are correct.
(v) A car sometime overturns while taking a turn. When it overturns,
1t 18
(a) the inner wheel, which leaves the ground first.
(b) the outer wheel, which leaves the ground first.
(c) both the wheels leaves the ground simultaneously.
(d) either wheel, which leaves the ground first.

Unit-IIT (LAWS OF MOTION AND FRICTION)
Solutions

. For motion, there should be external force.

- —

.asa =0so F=0.

3. Due to inertia of direction.

4. The package in the accelerated car (a non inertial frame) experiences a

Pseudo force in a direction opposite to that of the motion of the car. The
frictional force on the package which acts opposite to this pseudo force is
thus in the same direction (forward) as that of the car.

5. To decrease the impact of force by increasing the time for which force acts.

. Since coefficient of friction between rubber and road is less than the

coefficient of friction between steel and road.
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7. Rolling friction is less than sliding friction.

8. Both during its upward and downward motion, the ball continues to move

10.
11.
12.

13.

14.

15.
16.
17.

18.

19.

20.
21.

22,

23.

inertia of motion with the same horizontal velocity as the train. In this
period, the ball covers the same horizontal distance as the train and so it
comes back to the thrower’s hand.

As F = rate change of momentum

F = lkg-m/s>= IN
As the friction between the tyres and road reduces on a rainy day.
To conserve momentum.

Being heavier, cricket ball has higher rate of change of momentum during
motion so more force sumed.

As s o t, so acceleration a = 0, therefore, no external force is acting on the
body.

Use formula I = change in momentum = m(v — u)

(Ans. — 37500 Ns)

To reduce friction and so to reduce wear & tear.

Force of friction between the tyre and road provides centripetal force.

Yes, if the external forces acting on the body can be represented in magnitude
and direction by the sides of a closed polygon taken in the same order.

As F =ma so for given a, more force will be required to put a large mass in
motion.

So that inertia of motion may help him in his muscular efforts to take a
longer jump.

As they acts on different bodies.

When the wheel rotates at a high speed, the mud sticking to the wheel flies
off tangentially, this is due to inertia of direction. If order that the flying

mud does not spiral the clothes of passer by the wheels are provided with
mudguards .

The straw paper between the China ware increases the Time of experiencing
the jerk during transportation. Hence impact of force reduces on China
wares.

Less reaction force.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

In addition to the frictional force, a component of reaction force also
provides centripetal force.

Weight of the water and bucket is used up in providing the necessary
centripetal force at the top of the circle.

So that in addition of the frictional force, the horizontal component of the
normal reaction also provides the necessary centripetal forces.

Impulse and change in momentum are along the same direction. Therefore
angle between these two vectors is zero.

Due to inertia of motion.

dP
As Foo —
dt
dP
when F=0, " =0so P=constant
F = 36 dyne at an angle of 60°
F.=F cos 60° = 18 dyne
F. = ma,
F,
So a = ——=1cm/s?
X om

h=ut +% at?
find a by differentiating 4 twice w.r.t.

a=g
as F =ma so F =mg (answer)
AsF=masoF=—-kx=ma
—kx

a=

forx= 20cm, = a=— 10 m/s?
Initial momentum = 0
using conservation of linear momentum
mv+ MV =0
—my
M
= V=2-5m/s
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34. When there is no friction, the block slides down the inclined plane with
acceleration.
a=gsin0
when there is friction, the downward acceleration of the block is
a’ =g (sin O —pucos 0)
As the block slides a distance d in each case so

|
d:;(” :EGI

O (h‘!}'zz

gk bk el
_ a 14
gsinf .
or g(sin® —pcos®)
Solving, we get (Using 6 = 45°)
p=l—s
n-
35. (1) R=m(g—a)
weight =49 N
_B
SO m= 9'8—5kg
R=5(9-8-5)
R =24N
(i1) R=m(g+a)
R=5(9-8+5)
R=74N

(iii)) asa=0 soR=mg=49N
38. (i) Parabolic, (ii) vertically downwards
41.

—_—h

O — F
Uuto point A, /= F (50 Long as block is stationary)

beyond A, when F increases, block starts moving f remains constant.
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42.

43.

44.

45.

46.

(1) Thread AB breaks down
(i) CD will break.

4 Wall
Mg
For the block not to fall f=Mg
But f=uR =pF so
uF =Mg
Mg
F=——.
u
Use F=ma
' 200 —
a=" ‘, = '(4 025001’1’1/52
F =500 x 50 =25,000 dyne.
F=98N,R=45x9-8=441 N

g
u? = R =022
Angle of friction 0 = tan™! p=tan' 0-22 = 12°24'

Force of friction =0-5 N per quintal
f=0-5x2000=1000 N
m = 2000 quintals =2000 x 100 kg

sin @ = S_I{i’ a =2 m/s?

In moving up an inclined plane, force required against gravity
=mg sin 0 = 39200 N
And force required to produce acceleration = ma
=2000 x 100 x 2 =40,0000 N
Total force required = 1000 + 39,200 + 40,0000
=440200 N.
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47.

48.

49.

Suppose, a = acceleration produced if m, and m, are tied together,
F=100N
Let a, and a, be the acceleration produced in m, and m,, respectively.

a, =10 ms?, a, =20 ms (given)

.
Againm, = E andmy= "~

= m, = %: 10 ms™2

100
and m, =55 =5ms?>

m,+m,=10+5=15
S __F_100_20
0, i +m, 15 3
= 6.67 ms>
_(2Zm=m
Case (a) - a= (Zm - m)
Case (b) : FBD of mass m T
ms

ma' =T —mg
ma' =2mg —mg
= ma' =mg
a=g
So in case (b) acceleration of m is more.

(a) For¢<0. No force as Particles is at rest.

For ¢ > 45, No force again particle comes at rest.

For 0 < ¢ < 4s, as slope of OA is constant so velocity constant

i.e.,a =0, so force must be zero.
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(b) Impulseatz=0
Impulse = change in momentum
I[=m(v—u)=4(0-0-75)=3 kg ms™!
Impulse at ¢ = 4s
[=m(@-u)=4(0-0.75)=-3 kg ms™!

50. Free body diagram of the block

51.

30-T=3a ()
T
lma
30N

Free body diagram of the trolley

20 a
T
fk
T-f,=20a ...(11)

where Si=, N=0-04x20x10=8N

Solving (1) & (ii),

a=096m/s? and T=27-2N
All the blocks more with common acceleration a under the force F = 60 N.

F=(m, +m,+mya
F
q= (my +my + my) _ 1 m/s2

To determine, T, — Free body diagram of mass m

—Qa

1

T,

s

T,=ma=10x1=10N

Newton's Law Of Motion And Friction
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To determine, T, — Free body diagram of m,.
m,a

E—

T, T F

F—T2=m3a

Solving, we get T,=30N

52. Force on the box due to accelerated motion of the truck
F=ma=40x2=80N
(in forward direction)
Reaction on the box, F'=F=80N (in backward direction)
Force of limiting friction, f=uR =0-15 %40 x 10 =60 N

Net force on the box in backward direction is P=F" — f

=80-60=20N
.. P 20 .
Backward acceleration in the box = a = mo 20" 0-5 ms

¢ = time taken by the box to travel s = 5 m and falls off the truck, then from

= r+l 12
S=U _)u

-

5= U><r+%><0-5 X t?

t=4-47s
If the truck travels a distance x during this time

then x=0x4-34+ l>~<2>~((4-47’])2

2
x=19-98 m
B 1 .»
53. Use s =ut +§at"
28

a={—2asu=0

_gsinB-a
=" gcos

Putting the value and solving, = 0-11
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54.

5sS.

56.

(a)

(b)

(©)

(b)

(©)
(d)

Force on the floor of the helicopter by the crew and passengers
= apparent weight of crew and passengers
=500 (10 + 15)
=12500 N

Action of rotor of helicopter on surrounding air is Obviously vertically
downwards, because helicopter rises on account of reaction of this
force. Thus force of action

=(2000 + 500) (10 + 15)
=2500 x 25
=62,500 N

Force on the helicopter due to surrounding air is obviously a reaction.
As action and reaction are equal and opposite, therefore

Force of reaction F" = 62,500 vertically upwards.
When the box just starts sliding
u=tan 0
or 0 =tan!
Force acting on the box down the plane

=mg (sin o — |l cos a)
R

. o\ mg cos o
mg sin x

Force needed mg (sin o + p cos o)

Force needed = mg (sin o + p cos o) + ma.

According Newton’s second law of motion

(1)

T, —(m, +myg=(m, +m,a
T, =(m +m,)(a+g)
=(5+3)(2+9:9)
T,=944N
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(i1) T,-mg= mya

T,=m, (at+g)
T,=3(2+9-8)
T,=354N

57. Using Resolution of forces 1N and 2N and then applying laws of vector
addition.

Calculate for F, & F,.

1 3
Fl:ﬁ'N’FZZTN'

58. Given m = mass of bullet = 50 gm = 0.50 kg

g

M = mass of tiger = 60 kg
v = Velocity of bullet = 150 m/s
V = Velocity of tiger = — 10m/s

(.. It is coming from opposite direction » = no. of bullets fired per second
at the tiger so as to stop it.)

P, =0, before firing ..(1)
sz n(mv) + MV ..(11)
.. From the law of conservation of momentum,
P.=p,
= 0 =n(mv) + MV
MV
= = v
_ —60x(-10) _
= 0.05x150 -
59.
1T
5kgla
.Sg
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Let a be the acceleration of the system and T be the Tension in the string.

Equations of motions for 5 kg and 2 kg blocks are

S5g—T=35a ..(1)
T—-2gsin0—f =2a ..(2)
where f=force of limiting friction

=uR=pmgcos0=0-3 x2g x cos 30°
Solving (1) & (2),
a=4-87 m/s?
T=24-65N.

ASSERTION - REASON BASED ANSWERS

@ 20 3@ 4@ 5 @
.@© 7.(@ 8 () 9 () 10. (b)

CASE STUDY BASED ANSWERS

1 (d)
ii.  (c) Because acceleration is zero, observed weight = actual weight
iii. (b) Net force = mg - R = m(%)
R = 3mg _3x60
4 4
=45 gN.
iv. (b) Net force = p€—-R=mg
R=0N
v. (b) Net force =R — mg = %
3mg 3%60
:> = - =
2 2
=90 gN.
(@
. (c)
.  (d)
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iv. (d) ma<f f=puR
ma < pR A = Mg
pfa < ugrg a<ug =0.15 x 10 = 1.5 ms™
v. (b) Let the mass of block C is m
For block A, R = (m,+m)
T =1fs = pR = p(m+m,)g
To avoid slipping of A, For block B
T=m,g
or p(m+m,)g = m,g
02(m+10)=5 — m=15kg
3.i.  (b)
ii. (c) Impulse = change in momentum = mv — mu
=m(v—u) = 0.15[12—(-12)]
=3.6 Ns

iii. (a) Impulse = change in momentum = m(v—u)

= (O—gj = -3 kg ms!
3 4

v=0m/s,u= — m/s
4

iv. (d) Impulse = change in momentum = m(v—u)
=0.04 [-0.01 — 0.01]
= -8 x 10* kg m/s

0-2

V= E =—1 cm/s = -0.01 m/s,
2-0

u= ﬁ =1 cm/s =0.01 m/s

v. (b) Impulse = change in momentum
= mvcos60° — (—mvcos60°)

1
= 2mvcos60° =2 x 3 x 10 x §:3ONS

4.1 (@ i @@ iii. (b) iv. (¢) v. (2)
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LAWS OF MOTION (MCQ's)

The maximum velocity (in m/s) with which a car driver must transverse
a flat curve of radius 150 m and coefficient of friction 0.6 to avoid
skidding is

(a) 60 (b) 30

(c) 15 (d 25

The tension in the string shown in figure F is;
(a) F/3 (b)y F/6

(c) F2 (d 2F

A particle moves in x-y plane under the action of force F such that
the value of its linear momentum (f)) at any instant t is p, = 2 cos t and

p, = 2 sin t. The angle 0 between F and f) at a given time t will be-

(a) 90° by 0°

(c) 180° (d  30°

Three forces A =i+ 3 ~k, B=2i- 3 +3k and C are acting on a body to keep
it in equilibrium. Then Cis

(a)  —(3i+4k) (b)  —(4i+3k)

©  3i+dk d  2i+3k

The objects at rest suddenly explodes into three parts with the mass ratio

2:1:1. The parts of equal masses moves at right angles to each other with
equal speeds. The speed of the third part after the explosion will be

\Y
@ 2v ®
© 3 @  Vav

Two Iron blocks of equal masses but with double surface area slide down an
Inclined plane with coefficient of friction p. If the first block with surface
area A experience a friction force f, then the second block with surface area
2A will experiences a frictional force.

(@) 2 b) f () 2f d) 4f
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7. Abody of mass M starts sliding down an Inclined plane where critical angle
is <ACB=30° as shown in figure, the coefficient of friction will be

" c
(a) % b 3Mg
(©) NE) (d)  None of these

8. Three block of masses m;, m, & M, are connected by mass less stings as

15
shown on a frictionless table.

T, T, T,
m, > m, > m, —>

They are pulled with a force T, = 40N, If m ;=10 kg, m,=6 kg, & m,=4 kg,
then tension T, will be

(a 20N (b) 40N
(¢c) 10 (d 32N

9. If the tension in the cable supporting an elevator is equal to the weight of
elevator, the elevator my be

(a)  going up with increasing speed
(b)  going down with increasing speed
(c)  going up with uniform speed
(d) elevator falls freely under gravity
10. A graph is drawn with a force along y-axis and time along x-axis. The area
under the graph represent—
(a) Momentum (b) Couple
(c)  Moment of the force (d)  Impulse of the force

11. In a game of tug of wars, a condition of equilibrium exists. Both the team

pull the rope with a force of 10*N. The tension in the rope is —
(@ 10*N (b) 108N
(¢ ON (d  2x10*N
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12.

13.

14.

15.

16.

A bullet of mass m moving with a speed v strikes a wooden block of mass
M & gets embedded into the block. The final speed is

M m

(a) Mim Y (b) Mam "
m \Y

© v @ 7

The pulley & strings shown in figure are smooth and of negligible mass.
For the system to remain in equilibrium, the angle 6 should be

(@ 0° (b)  30°
() 45° d  60°

If two forces are acting at a point such that the magnitude of each force is
2N and the magnitude of their resultant is also 2N, then the angle between
the two forces is

(a) 120° (b) 60°

(c) 90° (d 0°

The dimensions of action are

(@ [MLT? (b) [M?LT7]
() [MLT'] (d [ML*T]

Which of the four arrangements in the figure correctly shows the vector
addition of two forces F, & F, to yield the third force F?

F - F F
F, F F, F,
(a) ‘ i (b) Il_) © (d) Il_)
F, F, F, F,

F,
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17. A car when passes through a bridge exerts a force on it which is equal to
2
(@) mgt—— ©
r r
m”
(c) mg——— (d)  None of these
r
18. In the figure given, the position-time graph of a particle of mass 0.1 kg is
shown the impulse at t = 2s is
(a) 0.2kgm/s
(b) -0.2kgm/s
(c) 0.1 kgm/s
(d) -0.4kgm/s
19. A particle revolves round a circular path. The acceleration of the particle is
inversely proportional to—
(a) radius (b)  velocity
(c)  mass of particle (d)  both (b) & (c)
20. If Maximum and minimum values of the resultant of two forces acting at a
point are 7N and 3N respectively, the smaller force is equal to
(a) 4N (b) 5N
(c) 3N (d 2N
Answer Key :
1. (b) 2. (a) 3. (a) 4. (a) 5. (b) 6. (b)
7. (c) 8. (d) 9. (¢) 10. (d) 11. (a) 12. (¢)
13. (c) 14. (a) 15. (a) 16. (a) 17. (¢) 18. (b)
19. (a) 20. (d)
HINTS AND EXPLANATIONS :
. v= \/urg =0.6x150x10 =30m /s
2. 2ma=F-T—— (1) Solve T=F/3
ma=T——(2)
3. p= \/PX2 +py’ = V4cos® t+4sin’t =2 (constant), As p remains constant,

F acts at right angle to 13
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12.

13.

Since body is in equilibrium
A+B+C=0
E:—(K+§) :—[;+3+12+2f—3+312]
= —[3i+0]+4k) = — (3 +4k)
Resultant momentum of two part of equal mass
p, = \/(mv)2 +(mv)® =+/2 mv

ut V! = speed of third part of mass 2 m

Acc. to Law of conservation of momentum

Qan)V' =2 pf v
1_\/5\/_
V= _/«/5

Frictional force is independent of area of contact.

u:tan60°:x/§

L 40
m, +m, +m, 20

T,=(m,+m,)a=16x2=32N

Net acceleration = =2m/s’

Impulse = I Fdt

By law of conservation of momentum
mv+MO0)=(m+M)V
myV
m+M

V=

For equilibrium of mass m, T = mg —— (1)

For equilibrium of mass v2 m
2T cos © = 2 mg
Solve (1) & (2)

2)

1 (o)
cosG=T, 0 = 45°.

Newton's Law Of Motion And Friction




14, P=Q2N, R=2N
R2 =P2+ Q%+ 2PQ Cos 0

4=4+4+2(4)Cos 6
cos6=_—4:_—1, 0=120°
8 2

15. Action = Force

=[MLT?

2
mv

r
18. Impulse
= change in momentum
= m(v—u)

=0.1 (0-2) =-0.2 kg m/s

V2
Tt

1
ao—
r

19. a

20. Fmax.=P+Q=7N (1)

)

F min. =P - Q = 3N
From (1) & (2)

P+ =7 P+Q=7
P-=3 5+Q=7
P=5N

skokoskosk
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