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1. NEWTON?’S FIRST LAW:
According to this law force is a factor which can
change the state of object.

or
Force explained as the push or pull which changes
or tends to change the state of rest or of uniform
motion.

FORCE

Any push or pull which either changes or tends
to change the state of rest or of uniform motion
(constant motion) of a body is known as force.
Unit: M.K.S = Newton (N), C.G.S. = dyne.

1N =10° dyne.

Gravitational unit = Kg.wt.

1 Kgwt = 9.8 N, 1 g-wt = 980 dyne.

Value of force in this unit will depends on value
of ‘g’.

Effect of Resultant force:

A non-zero resultant force may produce the

following effects on a body:

(i) It may change the speed of the body.

(ii) It may change the direction of motion.

(iii) 1t may change both the speed and direction
of motion.

(iv) It may change the size or/and the shape of
the body.

Inertia:
It is the virtue of a body due to which it opposes
any change in its current state. Mass of a body
is the measure of body’s inertia of translational
motion.
Intertia is directly proportional to mass of the
object.

Inertia «« mass

Mass of a body is quantitative or numerical
measure of a body’s inertia.

Inertia of rest: It is the inability of a body to
change its state of rest by itself.

Newton’s Law of Motion

Definition

An object can be considered as
a point object if during motion in
a given time, it covers distance
much greater than its own size.

Sf‘ _ Concept Reminder

Two bodies of equal mass, one
in motion and another is at rest,
possess same inertia because it is
a factor of mass only and does not

depend upon the velocity.
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Example:

(i)  When a horse starts off suddenly, its rider falls backwards.
(i) When a bus starts suddenly, the passengers tends to fall backwards,
(iii) When we shake a branch of a mango tree, the mangoes fall down.

D
C

A

When we apply sudden jerk then string (AB) will break from point ‘B’.
When we pull slowly of the string thin tension transmit to the upper point

‘D’ then string (CD) will break from point ‘D’

Inertia of motion: It is the inability of a body to change its state of uniform

motion by itself.

Example:

(i) A person who jumps out of a moving bus, train may fall in the forward.
(i) When a bus or train stops suddenly, the passengers sitting inside lean

forward.

(iii) A ballis thrown in the upward direction by a passenger sitting inside a

moving train the ball will fall:
(a) Back to the hands of the passenger if the
train is moving with constant velocity.
(b) Ahead of the passenger if the train is
retarding (slowing down).
Inertia of direction: It is the inability of a body to
change its direction of motion by itself.

Example:

(i) When a straight running car turns sharply,
the person sitting inside feels a force radially
outwards.

(ii) Particle want to move in tangential direction
but due to centripetal force it will move in
circular motion.

Key Points \
+ Force
¢ Inertia
String
Stone



Momentum: It tells us about amount and direction
of motion at any instant. It can be calculated by
multiplying the mass and velocity of a body. It is
vector quantity.

p=mv

Sl unit = kg-m/s. Dimension = [MLT™']
Direction of P is same as that of v.
Momentum of system of particle or body

psystem =Py tPy +..tP,

Relation between kinetic energy and
magnitude of momentum.

2

K= Only for one body system.

2m

Important points:

1. If momentum of system is zero then kinetic
energy of system may or may not be zero.
Ex. et

R, v
Oo— 0O
. m m
system
Poystemn = MV + (-=mv) =0,
1 1
cetem = =MV2 +—mv® = mv’ 20
ystem
2 2
Ex. JPE
v=0 v=0 ",
O @)
. m m
system
psystem = O’ Ksystem =0

2. It kinetic energy of system is zero then
momentum of system must be zero.
% change iny

A 100 or
¥4

s"‘ ~ Concept Reminder

If two bodies of different masses
have same momentum, the lighter
body possesses greater velocity.

P = m,v, = m,v,

Rack your Brain ﬂ

The mass of a hydrogen molecule
is 3.32 x 107%" kg. If 102® hydrogen
molecules strike, per second,
a fixed wall of area 2 cm? at an
angle of 45° to the normal and
rebound elastically with a speed
of 10° m/s, then calculate the
pressure on the wall.

s"‘ ~ Concept Reminder

Slope of momentum - mass curve
denote velocity.
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Ex.

Sol.

= ux']oo

Yq

Yo =% x 100
Y1

aPb"
If yoc =

and % change < 5%.

then % change in y:

_AY 100 = p—><100+q—b><100—r£><100
b c
If momentum will increase by 0.3% and
mass will decrease by 0.2%, then find out
percentage change in kinetic energy.
2

K o P
m Kev Poi
ey Points
A_Kx1oo = 24p x 100 — —><1OO
) m
AK ¢ Momentum
?x'IOO 2(0.3) - (-0.2) = 0.8% + Velocity
¢ Kinetic energy

4. Change in momentum: + Change in

Ap=p; —-p, (mass constant) Momentum

Ex.

Sol.

Ex.

m(vs — vi) = m(Av)
If momentum will increase by 150% having

constant mass, then find out percentage

change in kinetic energy.

2
KE = 2 K o p?
2m

K « (2.5)? = 6.25 times
pf— - pi
P;

% change in momentum =
=82571, 100 = 525%

If kinetic energy will be 4 times of initial and
mass will become half find out percentage
change in momentum.



2
Sol. K=p—,
2m

p? =2 mk
p o Jmk = 4><% = 2 = 1.414 times

% change in P = (1.414 — 1) x 100 = 41.4%
Ex. Particle of mass ‘m’ is moving with uniform

speed ‘v’ then find out magnitude of change

in momentum in AB interval shown in the

diagram.
B

4,

Sol. |Ap3| = m(A\7) = mv-sin%

NEWTON’S SECOND LAW OF MOTION:

This law defines that, the rate of change of

momentum of system is directly proportional

to the applied external force and this change in

momentum takes place in the direction of the

applied force.
Ezﬂzi(mg)zm-—+v-—

dt dt

Case-I: If m = constant then Z—T =0
dv. -

m-— =ma
dt

- dv
Case-Ill: If v constant then ot =0

= E = \7 . d_m
dt
Ex. Conveyor belt, rocket propulsion.
This is quantitative definition of force.
This is fundamental law i.e. 15t and 3™ law derive/

define by 2™ law.

Rack your Brain ﬂ

A rigid ball of mass m strikes a
rigid wallat 60° and gets reflected
without loss of speed. Find the
value of impulse imparted by the
wall in the ball.

SP‘ _ Concept Reminder

oo

Newton’s first and third law
can be derived from second law
therefore second law is the most
fundamental law out of three.
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Fag = 2P
an At

Direction of force will be same as that of direction
of change in momentum.

-_dp
dt

p-t . i

- Differentiation
function
p-t
> Slope = tan 0
graph

Slope of momentum-time graph is equal to the
force on the particle at that instant.

P, t,
jdpsz-dt
Py t

F-t
" Int ti
function ntegration
F-t .
> Area = Change in
graph momentum

Important points:

Newton’s first law of motion defines force and

second law of motion measure force. It given the

units, dimensions and magnitude of the force.

Unit of force = (unit of mass) x (unit of acceleration)
=1kgx1m/s2=1N

1N =1kg-m/s? dyne =1 g-cm/s>.

Dimension: [MLT2].

If a particle move uniformly, means velocity =

constant

S ﬂ _ d(constant)
dt dt

=0

SO F=m£=mx6=6

Definition
Force is a factor which try to
displace or displace an object.

Force is a factor which try to
accelerate or accelerate an
object.

Key Points \

¢ Acceleration
¢ Uniform motion



It means that in the absence of external force,
a particle moves uniformly. This is Newton’s
first law of motion. It means that we can derive
mathematically Newton’s first law of motion with
the help of Newton’s second law of motion.

e Accelerated motion is always due to an external s!“ _ Concept Reminder
force. v o
Law of conservation of linear momentum is If there is change in velocity is
applicable in the direction in which external force very large then impulsive force is
is zero. in a large amount.
d
If F =0 = di" = 0; then p, = constant
dp
If F =0 = —X=0;then p = constant
Y dt
dp
If F =0 = dtz =0; then p_ = constant
Impulse:

e This force will act for very very large force applied
on a body for a very short time interval and in
this interval it will change its value known as
impulsive force.

e Net force on any system is directly proportional
to rate of change of momentum.

- K-d
F ¢ € ﬁ, net = —p,
ne dt dt
Frot = dp Key Points \
dt
d|5 —dI=F-dt Impulse

Conveyor belt
Rocket propulsion
Equilibrium of forces

e Unit of impulse = N-s or kg-m/s.
e Dimension = [MLT].

* & o o
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Change in momentum in following conditions:

1.

Ex.

Sol.

Elastic collision

ap = m(v = (=v)),

Perfectly, absorbing surface (stick after
collision)

VEQZ oo e—Om
During firing of bullet,
Vi =0 m,v
P = P =  0=mv+MV

V=—% (-ve sign show that gun move

opposite direction to bullet.)

Particle of mass 2 kg is moving according
to displacement time function x = t3/6. Find
out force at time t = 2 sec.

X = t3/6

dx t2 dv

—_— =V =— = = =
dt 2 dt
F=ma=2t

at t = 2 sec force is
S F=2x2=4N

§ . Concept Reminder

If a ball is thrown with velocity ‘v’
at an angle 6 from vertical, then
after collision from wall if it revert
at same angle then:

v sin 0

\/
v cos 0
APy =0,AP =2 mvsin 6

Key Points \

¢ Elastic collision
* Perfect, absorbing surface



Ex. Particle having mass 2 kg is moved in from rest the variation of force
with time is shown in the following diagram find out velocity at

t = 6 sec.
Fu

N
Y

8 ------- ]

Sol. Ap = Area of curve ;
m(v, —VO)Z[EXQXS + (4 x8)

2v. =40 = v, =20

6 6

Ex. In the following x-t graph write down the sign of force of AB, BC and
CD interval.
XA D

A

Sol. AB = tan 0 = +ve (increasing)
= Force positive
BC =tan 6 = constant,a=0
CD = tan 6 = —ve (decreasing)
= Force negative

Ex. A particle having initial velocity 20 m/sec and mass 2 kg is moving
under constant retardation if it will change the direction of velocity in
opposite direction the time taken is 2 sec find out resistance force.

m(v, — V. o
sol F= Ap _mlve—vi) o 2(-20-20)
At t 5
=  F = - 40 N (-ve sign shown resistive force)
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Ex.

Sol.

Ex.

Sol.

Ex.

A bullet will fire a force applied by gun is F = 600 — 5 x 10° t then find
out impulse provided by gun, when value of force will be zero.

F=0 = 600 - 5x105t =0
FA
600 ¢
12x107°
¢ = 800 = 12x107°
5x 10°

F-t curve area gives impulse

| = Area = %x600x 1.2x 1078

=360 x 102 = 3.6 x 10~
According to following x-t graph find out impulse of 2 kg body at
reflection point (only magnitude).

XA

] RS~ CEREERERREE :

2 4 6 8
I=Ap=m(v,-V)= O.2(%x4x6)=1.2

In the following diagram find out number of bullets per second are
firing for that plate is in equilibrium in air effect of gravity is negligible

on bullet.
i im v

¥ -

10.



Sol. F.B.D. of plate

Free = 0= Fouer = ME
2 mnv = Mg = n= Me
2myv

Impulse-momentum theorem:
Impulse of force is equal to change in momentum.

Law of conservation of linear momentum:
According to this law, the linear momentum of
a system remains constant, if the total external
force on the system is zero.

dp

If Eext = 6 then l_'_.ext == 0
dt

p =constant | or | Piitiat = Pfinal

A51+AE)2+A|53+ ..... +Ap, =

Conservation of linear momentum.
Note: Area under the force-time graph represents
impulse or change in momentum.

F Area = |

or Ap = +ve

W
Area = |

or Ap = —-ve

| or Ap = IF-dt = Area under F —t graph
. _Ap

Since FaVg = A_t

If time interval is increased for a certain

momentum, then the average force exerted on
body will decrease.

Ex.: Shockers are provided in vehicles to avoid
jerks.
A man jumping on a hard cement floor
receives more injuries than a man jumping
on muddy or sandy road.

Key Points \

+ Law of conservation of linear
momentum
¢ Impulsive force

1.
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Ex. Atrolleyis moving with velocity 10 m/s and is
dropping on it at the rate of 20 kg/sec. Find
out additional horizontal force ‘F’ applied to
maintain its velocity.

sand

sol. F=V-C;—T=10><20 ~200N

Rocket Propulsion:

Ejected gas will apply reaction force on rocket in
the opposite direction of ejection known thrust
force.

[

N
Rocket | § dm
(wt.=mg)| x relE

gases

dm
V N
rel dt

Case-I: If rocket is accelerating upwards, then
net upward force on rocket = ma

dm
rel E
Where V _ is the velocity of the ejected mass

w.r.t. rocket.
Case-ll: If rocket is moving with constant velocity,

-mg =ma

thena=0
dm_
rel dt

% . Concept Reminder
Net upward force on rocket
= ma

dm

Vo o mg = ma

Where V_ is the velocity of the

ejected mass w.r.t. rocket.

12.



Ex. A rocket of mass 2000 kg ejects the gases
at the rate 50 kg/s with speed of 20 m/s in
gravity free space. Find out the acceleration
of rocket after 20 sec of firing.

Sol. Remaining mass of rocket after 20 sec
= 2000 - 50 x 20 =1000 kg

dm

VF:ma = 20 x 50 =1000 x a

a=1m/s?

Ex. Mass of any rocket at any instant is 20 kg
and its acceleration is 10 m/s. Find out thrust
force on rocket.

F, F,
Sol. a=-L_—g = 10 = _th _ 10
M 20

F,, = 400 N

NEWTON’S 3R° LAW OF MOTION

Each and every action have equal and opposite
reaction.

Physical contact is not necessary for action
reaction pair.

Action reaction pair will always exist on different
object or system.

Important points:

Force is always produced in action-reaction pair.
There is not time gap in between action and
reaction.

Action-reaction law is applicable on both the
states either at rest or in motion.

Bodies which are not in physical contact then
action-reaction is also applicable.

Action reaction law is applicable to all the
interaction force, tension, friction gravitational
force etc.

Action and reaction never cancel each other
because they act on two different bodies.

Key Points \

¢ Thrust force
¢ Action-reaction pair
+ Interaction force

% . Concept Reminder

While walking, a person presses
the ground in the backward
direction (action) by his feet. The
ground pushes the person in
forward direction with an equal
force (reaction). The component
of reaction in horizontal direction
makes the person move forward.

Rack your Brain ﬂ

A block is kept on a frictionless
inclined surface with angle of
inclination ‘@’ The incline is given
an acceleration ‘@’ to keep the
block stationary. Then calculate
the value of a.

13.
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Free body diagram (F.B.D.):

Step-I: Applying forces on the appropriate
system.

Step-Il: Consider two appropriate mutually
perpendicular axis and resolve forces
along these axes.

Step-lll: Frame equation along both axis
acceleration to requirement as follows:

If system is in equilibrium along then apply

Fe=0 = along that axis

If an object is in state of equilibrium under the

action of only two external forces, the forces

must be equal and opposite.

If an object is in state of equilibrium under the

action of three forces, their resultant must be

zero. Therefore, according to the triangle law of
vector addition they must be coplanar and should
form a closed triangle.

|;1+|;2+F3=6 =

F.
If system is accelerated along the axis then apply

Fee = Ma

ne

If an object is acted upon by a single external

force, it cannot be in equilibrium.

Lami’s theorem:
Graphical method makes use of sine rule or
Lami’s theorem

Rack your Brain “

A mass of 10 kg is suspended
vertically by a rope from the
roof. When a horizontal force
is applied on the rope at some
point, the rope deviated at an
angle of 45° at the roof point.
If the suspended mass is at
equilibrium, then calculate the
magnitude of the force applied.
(g =10 ms™?)

§ . Concept Reminder

AN

Lami’s theorem

F) F5

sinA  sinB sinC

14.



F F, F
Sine rule: —4—=—-2_=-_23
sina  sinB  siny

FFOF F,

Lami’s theorem: — =—==—
sinA  sinB sinC

1. Tension:

It is a type of reaction force which will generate
on applying an extensive force at its both ends.
This force will generate due to opposition of
intermolecular force.

(a) It is a type of pulling force.

(b) It will represent at any point on system
along the length of the string away from
that point.

F T T T

> F

If string is massless, uniform and continuous then
value of tension throughout the string remain,
same.

Tension in a string:

It is the intermolecular forces between the

molecules of a string, which become active when

the string is stretched. Some important points

about the tension in a string are as follows:

(a) Force of tension act on an object in the
direction away from the point of contact or
tied end of the string.

v
Ik_|

(b) String is supposed to be inextensible so that
the magnitude of accelerations of the blocks
tied to the strings are always same.

Rack your Brain a

A mass of 10 kg is suspended by a rope
of length 4 m, from the celiling. A force
F is applied horizontally at the mid-
point of the rope such that the top
half of the rope makes an angle of 45°
with the vertical. Then calculate the F.
(Take g = 10 ms=2 and the rope to be
massless)

15.
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(c) (i) It the string is massless and frictionless,

tension throughout the string remains same. Key Points

¢ Free body diagram
¢ Tension
¢ String

Massless and
frictionless string

(ii) If a string is massless but not frictionless, then at every contact
tension changes.

(i) If the string is not light, tension at each point of the string will be
different depending on the acceleration.

There is friction between

string and pulley and string
used is not light.

Q

16.



(d) If a force is directly applied to a string, say
a man is pulling a string from the other end
with some force, then tension will be equal to
the given force regardless of the pulling agent,
irrespective of whether the box moves or not,
man moves or not.

(e) String is supposed to be massless unless

stated, hence tension in it remains the same
every where and equal to the applied force.
However, if the string has a mass, tension
at different points will be different being
maximum (= applied force) at the end by which
force is given and minimum at the other end
connected to a body.

T T
ml!i ¢ max

(f) In order to produce tension in a string 2

equal and opposite stretching forces must be
applied. The tension thus produced is equal in
magnitude to either applied force (i.e., T = F)

and is directed inwards opposite to F.
T

_— —

F—F 4— F

(g) Every string can manage a maximum tension

2.

i.e. if the tension in a string is continuously
increased it will break beyond a certain limit.
The maximum tension which a string can
bear without breaking is called its ‘breaking
strength’.

Weight:
Applied at centre of gravity vertically
downwards.

Key Points

* Weight
¢ Breaking strength

17.
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I

v
mg

v

mg

\4
mg

Ex. A block is placed on a table and the table is kept on earth. Assuming
no other body in the universe exerts any force on the system, make the
FBD of block and table.

Sol. FBD of block,
FBD of table,

-

m1g

3. Contact force:

1
2

= m1g
=N, +mg=mg+mg=(m, +m)g

1

}

e Thisis also areaction force which will generate on applying an external force
towards perpendicular to contact surface or parallel to contact surface.

18.



Thus, following two types of contact force will
generate.

(Reaction force or
contact force)

Normal Reaction (N):

When an external force applied perpendicular
towards contact surface then this reaction force
will generate.

This force is of pushing nature.

This will represent perpendicular to contact
surface passing through the body (on which it is
applied).

AN N
® F Nf

oz

=0

N

R =N?+F?
* r

F
tand = L
N

*

_ Concept Reminder

(Reaction force or
contact force)

R

Ex. In the following diagram if block is in equilibrium then find out normal

reaction on block and value of F.

\F sin®
F
2 N >
1 | e - N
E F cos0
E F
4 .00
- rmg
Sol. Fsin6=mg,Fcos6=N = F= r.ng
sin6
N=Fcosf = rng ><cos(9:m—ag
sin® tan6

19.
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Ex. Find out normal reaction N, and N,?

Surface 2

Surface 1

Sol. (1) N,sin60°=mg = N, =

2m
(2) N, =N,cos60° = N, = g

Ex.

&

30°=150° 120°=

Sol. NG _ N, mg

sin30  sin60 - sin90

N. = mgsin30 _mg
' sin90 2

N,sin60°

) 2

N,cos60°

rmg

Key Points

N
F

¢ Contact force
¢+ Normal reaction

N, N,
90°
60°
mg
N, _ mg
sin30 sin90
N _mgsin60_mg\/§
2 sin90 2

Ex. In the following if spherical body of mass m is placed between two
rigid surface, then find out normal reaction on ball.

Surface 2

Surface 1

20.



Sol. N, = N

Ex. In following figure find the value of tension in all string

RN NNARAN NN NAnnnnnnnni;|

(i)

O ity

Sol. (i) T,cos45°=mg = T = mgx/E

T,sin45°=T, =

ALLHLTHHILEALERENLRARNRRRN AR RN RN RN

O i

21.
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(if)

_|

I
3
()
I

T,cos 30°=T

T,C0s60°
A

609 T,
T, '

Tzcos%0° ' T,sin60°

' o )
—¢----- >T,8in30°

YNNNNINNNNN NN NN RN NN
'
'
'
.
'
\/

2mg
T,x—=mg = T, =——

J3

2mg 1

X —

J3 2

T,=T,sin 30°= T, =

g
| e e—
1 \/7

m
T, cos 60° =T, cos 30°
1

T4><—=m—g><£ =>T,=mg
2 J3 2
3m
T,=T, sin 60° :>T3=mgx£=\/— g
2 2
Bird-cage problem:
pd N

A parrot is sitting on the base in an airtight cage. Now, if the bird starts

flying, then

(i) Weight of system will not change, if the bird flies with constant velocity.

(i) Weight of the system will increase, if the bird flies with upward
acceleration.

22.



(iif)

Weight of system will decrease, if the bird

flies with downward acceleration

A parrot is sitting on the base in a wire cage. Now
if the parrot flies upward its weight of surface
will decrease in all the cases.

Monkey problem:

Ex.

Sol.

Ex.

A monkey of 20 kg is climbing on a rope.
If breaking strength of rope is 250 N. Find
maximum acceleration with which monkey
can climb on rope.

T-mg=ma = T=m(g+a)

250 = 20(10 + a) = a=25m/s?
A monkey is moving down on string with
constant acceleration. If breaking strength
of a string is half of the weight of monkey.
Find minimum acceleration with which
monkey can move down on a string.

mg

Sol. mg-T=ma = mg—T:ma

= a=5m/s?

Rack your Brain ﬂ

Three blocks with masses m,
2m and 3m are connected by
strings, as shown in figure. After
an upward force F is applied
on block m, the masses move
upward at constant speed w.
What is the net force on the block
of mass 2m (g is the acceleration
due to gravity). .

t TV
[
2m

[
3m

Rack your Brain ﬂ

Three blocks A, B and C of masses
4 kg, 2 kg and 1 kg respectively,
are in contact on a frictionless
surface, as shown. If a force of
14 N is applied on the 4 kg block
then calculate the contact force
between A and B.

—— A | B |C

(TTTTTT7TTT77TT9 77777777 77777777 7777777

23.
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Motion of bodies in contact:

TIIITIrIririririe

—3a
. F m
Case-lI: — v I'm
2
FTTITTTITririiirreerres
—5a
F_Jm [N

— a

N_>m

2

LI ararrrrrrrrrriririririririririririre’

F-N=ma

F=(m,+m,a

F
a=———
m, +m,

N = m,F
m, +m,

Frrrrrrriririiiiiifiriririsirsrrriririrzr?

N =m,a
or a= et
mtotal
= N = contact force

System of masses tied by string

Case-ll:

Motion of connected bodies:

—_—a

>F

m, -l m,
FTTTrrrrrrrrrrrrrrrrrzrrrrrzrrrrrrrrrzrrrrrzr
—a —a
. T T
FBD: m, ! m, > F
TTITryrrrrrrrrarrrririi TTrrrrrrrrrrryrsrrrire7
T=ma ) ..(i)
F-T=m,a (i)
a= F — Fnet — m2F
m1 + m2 mtotal m1 + m2

Case-lll:

Tension in a massive string.
If mass is distributed uniformly along the length of the string.

L

—a
v —F |

—a

=

«— X —

—a

T

— X —>

L F

24,



F-T=ma .. (i)
F = Ma . (i)
T=F-ma

F =Ma
a=F/M

T=F—m-E
M

L length mass of rod =

1 length mass of rod =

Case-IV:
If all the bodies are in equilibrium therefore net force on each body is zero.
T1 = T2 + m1g’ Tz = ng
T, = (m, + m,)g
FBD T,

T2 + m‘lg

T,

m.g

25.




Newton’s Law of Motion

Case-V:
FBD
a

F-(T+mg)=ma ()

T-myg=m,a (i)

F—(m,+m,)g =(m, +m,)a

_ F—(m,+m,)g
m, +m,

T=m,(g+a) = F=(m,+m,)(g+a)
Case-VI:
Bodies accelerating vertically downwards.

FBD

aMmEE e
m1+m2
T:mQ(g_a)

Ex. In the following figures find out acceleration and tension/normal force.
a

26.



(iif)

sol. (i) ()
T F=oON 20 -T=3a  ..(ii)
By (i) and (ii)
20=2a+3a = a=4m/s?
T=2a=  T=24) =T=8N
i) a=22 -7 ms
or 42N N
N=4a =>N=4x7
42 -N=2a=42-N=14
N=28N
(i) a=—2 _25_5
2+3+4 9
a
—_—

N,=4a=4x5=20N
_a,

45 -N,=2a = N =35N

Effective or apparent weight of a man in lift:
Case-l: If the lift is at rest or moving uniformly (a = 0), then

27.
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= Wapp = Wactual

Case-Ill: If the lift is accelerating upwards, then

a
N-mg =ma= N:m(g+a):Wapp
Wapp > Wactual
Case-lll: If the lift is acceleration downwards,
then
a

mg

mg - N =ma= N=m(g—a)=Wapp

W
I the Lift is faafltiulfmlg freely a = g then
W, =m(@-g =0
It means the man will feel weightless.
If a > g then man will move up with respect to
the lift.

Case-IV: If the lift is retarding upwards, then

N-mg=m(-a) = N:m(g—a):Wap

p

W _<W

app actual

Rack your Brain ﬂ

A person of mass 60 kg is inside
a lift of mass 940 kg and presses
the button one control panel.
The lift starts moving upwards
with an acceleration 1.0 m/s2. If
g =10 ms=, then find the tension
in the supporting cable.

28.



Case-V: If the lift is retarding downwards, then

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Key Points N\

mg-N=m(-a) = N:m(g+a):Wap

¢ Apparent weight
WS W . Welghtless
ep + Stationary

p

A lift having mass 50 kg is

connected with cable having

breaking strength 100 N then find

out minimum acceleration for lift

for rate rise.

T.. <W._ (means lift downward accelerated)

ST =mE=-a,)

100 =50 (10 - a_, )

= 2=10-a,, = a ., =8 m/sec?

If lift is stationary the tension in cable is 50 N. If it is moving under
acceleration, then tension in the cable is 80 N. Find out acceleration
in this case.

When lift is stationary

T=Mg = 50 = Mg = M =5 kg

When lift is moving

T,=M(g+a)=> 80 = M(g + a)

= 80 =5(g + a)

30 = ba = a=6m/s?

A lift is moving under acceleration and the tension in the string is 75%
of weight of lift find out acceleration?

T=075mg
S. T=m(g - a) =075 Mg
g—a:ig = a:g—ig
4 4
a-8
4

Case of pulley system:
Ideal pulley is considered massless and frictionless.
Ideal string is massless and inextensible.

29.
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* A pulley may change the direction of force in the
string but not the tension.

The only function of pulley (which has no friction
on its axle to retard rotation) is to change the
direction of force through the cord that joins the
two blocks.

Case-l:

Key Points

m,=m,=m

Tension in the string ¢ |deal pulley
T=mg

acceleration ‘@’ = zero

Reaction at point of suspension of the pulley or

thrust on pulley.

R=2T=2mg
Case-Il:

m,>m,
at mass m,,

mg-T=ma ..(0)
at mass m,,

T-mg=ma .. (i)

(m, —m,)g =(m, +m,)a

_(m=m,)e __2mm,
(m, +m,) (m, +m,)
Reaction at the suspension point of pulley (thrust
on pulley)
R=2T= _Amm, g
(m, +m,)




Case-lll:

For mass m,, T=ma ()
mg-T=mja .. (i)

For mass m,,
Equation (i) + equation (ii),

g m,g . mm,

m, +m, (m, +m,)

Reaction at suspension point of pulley

R=+2T

Case-IV:

For mass m,, mg-T, =ma .. ()
For mass m,, T,-T,=Ma w0
For mass m,, T,-mg=m,a . (i)

Add equation (i) + (ii) + (iii),

a= (m1_m2)g
m1+M+m2

m1 '(m1 _mz)g
(m, +M+m,)

T, =mg-

_ my(m; -m,)g

= m
(m, +M+m,) 28

2

Case-V: m >m,

For mass m,, ma=mg-T

For mass m,, T-mgsin®=mja
Add equation (i) + (ii),

_ (m;—m, sin0)g
(m, +m,)

m,m, - (1+sin6)g

m, +m,

Case-VI:

If mg sina>mgsinb

For mass m,, mgsina -T=ma
‘ . T— ng‘sm B=m,a

Adding equation (i) and (ii)

g (m,sina —m, sin)g

m, +m,

T m,m,(sina + sinf) .

(m, +m,)

()
..(ii)

(D)
(D)

77777777777 7777777 7
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Sol.

Case-VIl:
For mass m,,

T, -mg=ma .. (i)
For mass m,,

T,+mg-T =m,a .. (i)
For mass m,,

mg-T,=m., . (i)

Solving equation (i), (ii) and (iii)

B (m2+m3—m1).

- (m,+m, +m,)

Ex. Find out the acceleration and tension of
block in following cases.

sol. (a) a--—28 :%

(b) T=ma =4x

w |oa
U
_|
1
|

(if) 2.

4g
Qo 4g-2¢gsin30° 4g-g g

®) 6 6 2

(b)y 4g-T=4a = T=4(g—a)=4(g_2

32.



(iif)

g 8gsin30°-2gsin30° 4g-g 3g
B 8+2 " 1010
8 x3g

Sol. (a)

(b) 8gsin30°-T=8a = 4g-T=

(iv)

Sol. (a)

(b)

(©
%

Sol. (@) a=—>—==2
4+2+3 3
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Newton’s Law of Motion

Ex.

Sol.

Ex.

N=2><§=2—g

c N = 2a =
(© 3

A chain of mass ‘m’ is attached at 2 points A & B of two fixed walls
as shown in the figure. Find the tension in the chain near the walls at
point A and at the midpoint C.

(i) At point A
T sin® T sin®

5.
Qe

L8,
T cosO K _/ T cos0O

T cos0« 90y oep

1"T

2T sin 6 = mg = T=%mgcosece

(i)  Tension along horizontal direction is same everywhere.
- no external force is acting on it in horizontal direction
At point C
mgcosO mgcoto
2sin6 2

Find out tension at point p if mass and length of string is M and L.

T'=Tcos0 =

0) In this case tension is same through the length in massive string.

R+

«— X —>

0 p
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< X —>

i

77
Sol. | M-m —T T<—</P
/
a

F = Ma =£
M
F-T=mxa (m=M XJ
L
For-M B o gof[1-X
L M L

Ex. In the following diagram find out acceleration of system.
a

()
la
2Mg
Sol. 2Mg - T = 2 Ma ..(i)
T=Ma ..(ii)
Add equation (i) and (ii)
2Mg=3Ma = a= 2—5
(ii)
Sol. g - 2ME8—2Mg 48 _¢g
8M 8 2
_ [ — ¢
(iii)
Sol. a = F__F __F
2M+M 3M
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Newton’s Law of Motion

Ex. Find out force applied by man (F) to hold the block in air.

Sol. 2T = mg

CONSTRAINT

LLLLLL,

=

MOTION:

Rack your Brain ﬂ

Two masses of 5 kg and 10kg are
connected by string over a pulley
then calculate acceleration of
the system.

When the motion of one body is affected by the motion of another body,
then motion is said to constraint motion.

*—>V

A

—>V

—>V

*—>V

*—>V

—>\V
B —V

—>V

oy

TV rrrrryrr iy r oy rrryrrryryirrrryrryyryriyrrrrreyiryyrii

The object is said to be in constrained environment.

Constraint motion in string:

Properties of

string:

String is massless.

String is inextensible.

Remains taut.
Note: The velocity of each and every point of the string is same.

Constraint motion in string study about 3 formats:

1. Fixed pulley format

3. Point method.

2.

Moving pulley format

36.



1. Fixed pulley format:
Ex. Find out the velocity of B when block A move with 10 m/s.
10 m/s

Sol. v, c0s53° =10 = Vg X 3. 10
5
VB - @ m/s
3
Note: The component of velocity must always be Key Points

done along the string.
Never may components of strings velocity
along the direction of blocks motion.

*

Constraint motion
Fixed pulley format
Moving pulley format
Inextensible string

*

*

Ex. Find out relation between v, and v,.

*

Sol.

4y, sind, 1V, cosH,

| v,cos6, =v,cosb, |

37.
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Ex. Find out relation between a, and a,.
_&

0

Sol. a,
R ——

a,cos0

|a

Ex. Find the relation between v, and v,.

a, =a,coso

A

0

V,

B

X B

Sol. v, cos 8 = v, sin 6 = v, = v, tan 6 (by constraint motion)
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Solving by calculus method
2=x2+ y2
differentiate w.r.t. time

dl dx dy

2l — =2x-—+2y
dt dt dt

(L = constant then % =0)

0=x'%+y~d—y %=VB andﬂ=vA
dt dt dt dt

X:Vg =-y-V,
(negative sign indicate y decreases w.r.t. time)

y

Vg ==xV, (bydiagram tan9=l)
X X

B
vV, =V, tan 0

2. Moving pulley format:

When observer sit on pulley and observe
block A and B w.r.t. to pulley.

-~ Observer

Sr‘ _ Concept Reminder

Gl

- Va + VB
RSlE St * Vp =
! A 2
. i i i - aa + ag
:Vpl I ! 1 1 * a-P S ——
LT 2
VAP = VBP = =
- - - - - - - - . - XA + XB
= Va—-Vp=—(VB—VP) = VA—Vp=Vp—Vp ® =
- Va + VB
Vp =
2

Newton’s Law of Motion



(direction has to be considered)
differentiating w.r.t. time

= =

- aa +as
ap =
2

when integrate w.r.t. time

- XA + XB
Xp =
2

Ex. Find out the velocity of A block.

20m/s

rrnrrrrrTTTTT
Sol. Fixed end velocity is zero.

— -

o _VitVa

ve =  gg-9FV2

v, = 40 m/s (upward)

Ex. Find out velocity of block B?

2m/sl
l TGm/s
8m/s
Sol. v, = 8;26 = % =1 m/s (downward)
v, _TVatVe T2tV
2

v, =4 m/s (upwards)




Ex. Find out the velocity of B?

20 m/sl

ALY,

20m/s

Sol.

N
(AN,
- va+v
Vp, = A2 P,
20:—20+vp2

2

Vp, = 60 m/s (upwards)

- -

- VA + VB
sz = 5
-20 + v,
60=——+
2

v, =140 m/s (upwards)

4.




Newton’s Law of Motion

3. Point method:

Search for the longest string along with the point whose velocity has to be
found.

Number and mark the points where string touches or losses contact with
rigid bodies.

make the sum of velocities of all points equal to zero. (because length is
constant)

\71+\72 +\73+\74 =0
[sign convection] : +ve - Length of string increases and —-ve = length of
string decreases.

Ex. Find out the velocity of A block?

Sol.

42,



By point method
Vv,V v+ +v,=0

1
v, =V, =v, =10 m/s (length of string increases)
Vy =V, =V, = =5 m/s (length of string decreases)
V, =V, =V =V, =V, =0

v,+0+0+10+10+0+0-5-5+0=0
v,+20-10=0

v,=-10 m/s

Block A moves upward with 10 m/s.

Ex. Find out the relation between v, and v,.

— v, —,

Trrrrrrrrrrrrrrrrrrrrrriiriy TTrrrrrrrrrrirrrrrirrrrifrrrrivrrrrrirrriii
—_— —_—
Sol. Va V,
8 Va 7

Hrrrryrryririryrriryyyrysssreily Frrrrrrrrrrrrrrirryyrriyyyrryryyrrsyyyyrissd

v, =0

Vo SV SV =V, =V

V4—V5—V8——VA

4v, - 3v, =0

VA —EVB

Wedge Constraint:
Ex. Find out the relation between v, and v, ?

/ |IIIIIIIII

43.

Newton’s Law of Motion



V., Cos 0 =v, sin O
= vV, =V, tan 0
Ex. Find out the relation between v, and v,.

A
| 53°
l 4V,
A B
Sol.
-~ VB
53°",v, cos 53°
"WV, sin 53°
v, :
v, c0s53° = v, sin53°
4
= . o = —
V, = Vg tan53 = V,=TVg

Note: Component of velocity perpendicular to the contact surface
remains same as the blocks do not lose contact with each other.

Ex. Find the relation between v and u.

Sol.




Ex. Find the relation between v and u.

SPRING FORCE:

If there is force working on a spring, then spring will be in normal condition
means the spring is neither compressed nor elongated. Assume a spring
attached to a fixed support at one of its ends and the other end being free. If
we neglect gravity, it remains in a relaxed state. When it is pushed by a force
F, it is compressed and displacement x of its free end is called compression.
When the spring is pulled by a force F, it is elongated and displacement x of
its free end is called elongation. Various forces developed in these situations
are shown in the following figure. The force applied by the spring on the wall
and the force applied by the wall on the spring form a action-reaction pair
according to Newton’s 3™ law.

Relaxed Spring

Compressed Spring

Force by spring

x =0 Equibrilium or
mean position

Compression |

X

— —

on the wall F F F

Force by Force by Force by

wall on hand on spring on

spring spring hand

Elongation
X >
Elongated Spring
— \ \ \ \ \
on spring r —
F F F
Force by spring Force by spring Force by hand
on wall on hand on spring
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Hooke’s Law:
Variation in spring force with deformation in length x of the spring is also
shown in the following figure.

x =0 Equibrilium or

Relaxed Spring mean position

Compression

Compressed Spring >

Elongation

Elongated Spring

; 4Spring force
e F :

Compression \ Extension

»

4

v

Force F changes linearly with x and acts in a direction opposite to x.

—-ve sign shows that F is always opposite x.

K is known as force constant or spring constant.
Its SI unit is N/m.

Dimension: [MT™].



Pulley-spring system (at steady state):

m,g m

For mass m,, T=ma ..(0)
For mass m,, m, g — T = m,a...(ii)
By equation (i) and (ii)

m, g m.m
a 2 . _ 172

= (T = - g
m, +m, (m, +m,)

X = I _ m1m2
K K(m,+m,)

Ex. If given system is in equilibrium, then find

out elongation in spring.

(i)

K=100 N/mr

(if)

Sol. () 1g=K.x = 1 %10 =100 . X

= x=01m

(i) 2g=Kx, = X, =

Kx,=1g+2¢g =

_2x10
100

Key Points \

¢ Spring force
¢ Force constant
¢ Spring constant

Rack your Brain ﬂ

Two blocks A and B of masses
2m and m, respectively, are
connected by a massless and
inextensible string. The whole
system is suspended by a
massless spring as shown in the
figure. Calculate the magnitudes
of acceleration of A and B,
immediately after the string is
out, are respectively.

=0.3m
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Ex. Find elongation in following case.

"-l

L m/s?

2 m/s?

>

[@C
[[@C

Case | Case Il
Sol. (i) Kx = mg + ma= kx = m(g + a)
Rack your Brain ﬂ
_ 1(10 + 2) —0.42m
100

) 110 - 2) A balloon with mass m s
(i) kx=m(g-a) = x =00 - 0.08m descending down with an
acceleration a(where a < g). How
much mass should be removed
from it so that it starts moving
up with an acceleration a.

Ex. Findreading of dynamometer (spring balance)
at steady state.

(i) (if) (iif)

Sol. () T=10¢g = T =10 kg-wt
Reading of S =10 kg-wt

48.



(i) T=10g =10 kg-wt
Reading of S, = S, =10 kg-wt
(i) 2T=10¢g = T =5g
Reading of S, = 5 kg-wt and S, = 5 kg-wt

Note:

When spring balance are connected in series, then reading of each balance
is same and equal to applied load.

When spring balance are connected in parallel, then reading of each balance
is same and given by:

Applied load
Number of spring balance

Reading =

Spring combination:
(i) Series combination:

k k

OAANANANNANNSNNY

00000 00000 @ F
X =X, + X, (F,=F,F,=kx)
F F F ( F1J
_ = — 4 — X1 =
keq k, Kk, K,
s+t 1.1
keq k, Kk,

(ii) Parallel combination:

\\Y

OOAAAAAASANANNNANYNS

F=F +F, (x, =x,)

keq X = k1x+k2x

Keq = Ky +Ky

49,
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Cutting of spring:

-

Kk oc %, l = length of spring

| kl = constant |

Ex. If spring is cut by % distance, then find out relation between k, and k,.

Laziness of spring:
Ex. If system is in equilibrium, then string cutting, just after cutting find
out acceleration of block A and B.

30N

10+20=30N
10N

w > E
x

10N

Sol.

10 N
30N

20N T=0

50.



for1kg,10 =1a = a=10m/s?
for 2 kg, 30 - 20 =2a =2a=10

a=5m/s? a= %m / s* (upward)

Note: A spring is in a stretched position when it is observed under
equilibrium and thus it takes some time to again achieve its new mean
position and thus the tension in a spring does not change instantaneously
when changes are made to the system (Ex.-cutting etc.)

Ex. Find out the acceleration of block A and block B just after cutting (i)
string-1 and (ii) string-2.

string-1

Fall motion under gravity
a,=a; =§¢

(i)  When string-2 is cut

2g = 2a
a = g(downward)

2¢

Ex. Find out the acceleration of block A and block B just after cutting (i)
spring and (ii) string.
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Sol. (i) When spring cutting

EXx.

4g T=0

= 2g =2a
2 =0 a, = g(downward)

4g 28

(i)  When string is cutting at equilibrium when string is cutting

T=68 T=0
B
4g+2g=68 6g
2g 2g
A A
2g 2g
For block B For block A
6g

6g - 0=4a, = ag =——
2g - 2g = 2a,
B

a, = 3_2g (downward), a, =0

Find out the acceleration of block A and block B just after cutting (i)
string (ii) spring.



Sol. At equilibrium

g
B
4g+2g=6¢g
2g
A
28

() When string is cut

T=0 6g
28 4g

2¢ = 2a, 6g — 4¢g = 4a,
a, = g(downward) 2g = 4a,

ag =% (upward)
Ex. Find out the acceleration of block A and block B just after cutting (i)
spring-1 and (ii) spring-2.

Spring-1

Spring-2

A Spring-1

Sol. At equilibrium condition
0) When spring-1is cut

T=0 2
Spring-2
6g 2g

6g = 4a, a, =0 A

A

= ag

= 3_2g (downward) 28
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(i)  When spring-2 is cut

T=0
AL2ke]
4g 28
6g — 4g = 4a, 2g = 2a,

ag :% (upward), a, = g (downward)

Frame of Reference:
A system with respect to which the position or motion of a particle is
described is known as a frame of reference.

(i) Inertial frame of reference:
The frame for which law of inertia is applicable is known as inertial frame
of reference.

a=0

All the frames which are at rest or moving uniformly with respect to an
inertial frame, are inertial frame.

(ii) Non-inertial frame of reference:

The frame for which law of inertia is not applicable is known as non-inertia
is not applicable is known as non-inertial frame of reference.

All the frames which are accelerating or rotating with respect to an inertial
frame will be non-inertial frames.

a#0

Pseudo force:
It is a apparent force which is used to explain the motion of object in non-
inertial reference frames.
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This force always works in the direction opposite to that of acceleration of
frame and it is equal to the product of mass of the body and the acceleration
of the non-inertial reference frame.

—

Ex. Find out normal reaction between block and wedge and horizontal
acceleration of wedge for which block remains at rest with respect to
wedge.

0

Sol. Block is rest w.r.t. wedge, means net force on block is zero
mgsin® =macoso

N cosf
ma cosOv, A

080" §
» ;
ma sin® mg sin0

= a=gtan®

N =mgcos6+ masin0

= N=mgcose+msin6-g-Slne
cos®
N=-_TE
cos0
or Ncos® =mg
N = me Key Points
cos6
Ex. A bob of mass ‘m’ is hanged from ceiling ¢ Inertial frame
of horizontally accelerated car. Then in ¢ Non-inertial frame
equilibrium find out tension in string or + Pseudo force

angle made by string from vertical.
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Sol.

Tsin® =ma
tanezi
g

Tsinb=ma =

Important Points:

e Pseudo force does not follow the action-reaction law.
e Level of liquid in container

a=0 _a>
\ I
t F B F J L
“ net mg

Case |

Case |l

Case lll
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EXAMPLE

In the arrangement shown in the figure, what will happen-

A

M

. B
‘._(\‘ 5
o ‘[’
(A) If the string 'B' is pulled with a sudden jerk?
(B) If the string 'B' is pulled steadily?

(A) If the string 'B' is pulled with a sudden jerk, then it will experience tension
while due to inertia of rest of mass 'M' this force will not be transmitted to
the string 'A' and so the string 'B' will break.

(B) If the string 'B' is pulled steadily the force applied to it will be transmitted
from string 'B' to ‘A’ through the mass 'M' and as tension in ‘A’ will be great-
er than in 'B' by Mg (weight of mass M) so the string 'A' will break.

Drums of oil are carried in a truck. If a constant acceleration is applied on the
truck, then predict the inclination of surface of oil in drum.

F

Fr

When a constant acceleration is applied on the truck, a constant force acts
on it. Due to this constant force, a pseudo force will act on oil in backward
direction. The resultant of this force and the force due to gravity acts along the
surface of the oil. Hence, the surface of oil rises towards backward direction.

Bullet of mass 0.04 kg moving with a velocity of 90 ms-' penetrates a heavy
wooden block and comes at after a 60 cm. Find the average resistive force
exerted by the block on the bullet?

The retardation ‘a’ of the bullet
By using Newton’s third equation of motion
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v2 = u? + 2as

u2
= a=-—
2s

(assumed constant) is given by

a= ~u* _ ~90x90 ms2 = —-6750ms™>
2s 2x0.6
The retarding force, by the 2" Law of motion F = ma
F =0.04kgx6750 ms™ =270N
The actual resistive force and therefore, de-acceleration of the bullet may not
be constant. The answer therefore, only shows the average resistive force.

1
The motion of a object of mass m is described by y = ut + —gt’. Find the force
acting on the object. 2

We know y = ut +%gt2
Now vy gt
dt
acceleration, a= d_v =g
dt
Then the force is given by

F=mg
So, the given equation defines the motion of an object under acceleration due
to gravity and 'y' is the position coordinate in the direction of g.

Two sphere A and B are placed between two vertical walls as shown in figure.
Draw the free body diagrams of both the spheres.

N

F.B.D. of sphere ‘A

N,, (exerted by B)

m,.g
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F.B.D. of sphere ‘B’: (exerted by A)

NBA N

Draw free body diagram of the sphere of mass 'M' placed between a vertical
wall & ground as shown. (All surfaces are smooth)

Smooth

Mg
Vertical wall does not exerts force on sphere (N’ = 0).

One end of string which passes over the pulley and connected to 10 kg mass
at other end of string is pulled by 100 N force. Calculate the acceleration of 10
kg mass. (g = 9.8 m/s?)

String is pulled by 100 N force. Therefore, tension in the string is 100 N.

Free body diagram of 10 kg block
100N

By using Newton’s law of motion
net force = Ma
100 -10g=10 a
100 - 10 x 9.8 =10 a
a=0.2 m/s%
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Newton’s Law of Motion

Two boxes A and B of masses m and M are suspended by a system of pulleys
are in equilibrium as shown. Express M in terms of m.

Since tension on both sides of a pulley are equal and string is massless there-
fore tension everywhere on the string must have same magnitude.

I r

I I
lmg F ll\/lg

FBD of block A FBD of pulley B FBD of block B
For equilibrium of block A Zﬁ =0
= T=mg ()
For equilibrium of pulley attached to block B _F =0
—~ F=oT ..(iD)
For equilibrium of block B
~ F=Mg ...(iiD)

From equation (i), (ii) and (iii),
We have M = 2m

Consider a spring attached at one of its ends to a fixed support and at other
end to a box, which rests on a smooth floor as shown in the figure. Denote
mass of the box by m, force constant of the spring by k and acceleration due

to gravity by g.

The box is pushed horizontally displacing it by distance x towards the fixed
support and held at rest.

(A) Draw free body diagram of the box.

(B) Find force exerted by hand on the box.

(C) Write all the third law action-reaction pairs.
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(A) F is push by hand.

kx

(B) Since the block is in equilibrium ZF =0 = F = kx
(C) (i) Force by hand on box and force by box on hand.
(ii) Force by spring on box and force by box on spring.
(iii) Normal reaction by box on floor and normal reaction by floor on box.
(iv) Weight of the box and the gravitational force by which box pulls the
earth.
(v) Force by spring on support and force by support on spring.

Two forces F, and F, of magnitudes 50 N and 60 N act on a free body of mass
m = 5 kg in directions shown in the figure. What is acceleration of object with
respect to the free space?

In an inertial frame of reference with its x-axis along the force F,, the forces
are expressed in Cartesian components.

Iy ma,
X

3

(F),

F, =(-30i +40i) and F, = 60iN
D> F =ma,=a =6 m/s?
Y F =ma, =a, =8 m/s?

y y y

a = (6 +8]) m/s
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Newton’s Law of Motion

Two blocks are kept in contact as shown in figure. Find
(A) forces exerted by surfaces (floor and wall) on blocks.
(B) contact force between two blocks.

I 50N
1309
100N _,l10kg|20ke

T 11T 11T 1111171111177 7777777777

N,
100N
—>| |<—N2
10¢g

F.B.D. of 10 kg block

N, =10 g =100 N ()
N, =100 N (i)
F.B.D. of 20 kg block
N,
50 N
309
N2_> D— N3
20 g
N, = 50 sin 30° + N,
. N,=100-25=75N (i)
and N, =50cos30°+20¢g
N, = 243.30 N

A man of mass 60 Kg is standing on a weighing machine placed on ground.
Calculate the reading of machine (g = 10 m/s?)

F.B.D. of weighing machine

!weighing machine
mmm
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For calculating the reading of weighing machine, we draw F.B.D. of man and
machine separately.
F.B.D. of man
“ l
N

weighing machine
T

N, Mg

Mg N = Mg
Here force exerted by object on upper surface is N
Reading of weighing machine
N = Mg = 60 x 10
N = 600 N.

The figure shows one end of a string being pulled
down at constant velocity v. Find the velocity of
mass ‘m’ as a function of ‘x’.

—x—

Using constraint equation

2 2
2Ux" +b7 y = length of string = constant
Differentiating w.r.t. time

— 2 o (WX, (W)=
2x? +b? dt dt

A wagon of mass 1000 kg is moving with a speed 50 km/h on frictionless
horizontal rails. A 250 kg mass is dropped into it. Then find the speed of it by
which it will move now?

Initially the wagon of mass 1000 kg is moving with speed of 50 km/h

So, its momentum = 1000 x BOm
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Newton’s Law of Motion

When a mass 250 kg is dropped into it. New mass of the system
=1000 + 250 = 1250 kg
Let 'v' is the velocity of the system.
Using the conservation of linear momentum: Initial momentum = Final momentum
= 1000 x 50 =1250 x v
~ 50,000

1250

=40km/h

The kinetic energy of two masses m and m, are equal. Find the ratio of their
linear momentum.

Relation between linear momentum (P), mass (m) and kinetic energy (E)

p=+v2mE = pOC\/E

[as E is constant]
P M

P, m,

The velocity of a particle of mass 2 kg is given by v = ati + th] . Find the force
acting on the particle.

From second law of motion

= F=12ai +4bt]

Block C shown in figure is going down at the acceleration 2 m/s2. Calculate
the acceleration of the blocks A and B.




The assumed accelerations of the blocks A and B and corresponding changes in

the different parts of the string between the blocks A and B are shown in figure.
a

W—> +a - a,

+a - a,

°

It is obvious that the block B will have the same acceleration along horizontal
direction as the block C is having along the downward direction.

Constraint equation for the string between the blocks A and B can be written
as

(+ta-a)+(+a-a)+(+ta-a)+(-a,)=0
= 3a-4a,=0

3

= a1=—61=§x2m/s2 =§m/52
4 4 2

If the force on a rocket moving with a constant velocity of 300 m/s is 210 N,
then find the rate of combustion of the fuel.

Force on the rocket = udm
dt
d F 210
Rate of combustion of fuel an) _f_2%V 0.7kg / s.
dt u 300

A batsman hits ball back straight in the direction of the bowler without chang-
ing its initial speed of 12 m s-'. If the mass of the ball is 0.15 kg, calculate the
impulse imparted to the ball. (Assume linear motion of the ball)

Change in momentum = 0.15 x 12 — (- 015 x 12) = 3.6 N,
Impulse = 3.6 N,
In the direction from the batsman to the bowler.
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Newton’s Law of Motion

The force-time (F — t) curve of a particle executing linear motion is as shown
in the figure. Find the momentum acquired by the particle in time interval
from zero to 8 second.

Force (N)
—_— +
N
oo
D
[e)]
(00]

" —
_2/ \: Time(s)

Momentum acquired by the particle is numerically equal to the area enclosed
between the F-t curve and time Axis. For the given diagram area in a upper half
is positive and in lower half is negative (and equal to the upper half). So net area
is zero. Hence the momentum acquired by the particle will be zero.
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