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PHYSICS INDUCTION www. physicsinduction.com
SHORT NOTES: CLASS 11
CHAPTER 4: LAWS OF MOTION(PART-1)

. Force: Force is an external effort in the form of push or pull which...

(i) produces or tries to produce motion in a body at rest
(ii)  Stops or tries to stop a moving body.
(iii)  Changes or tries to change the direction of motion of the body.

. Frictional force: Frictional force is defined as an opposing force that comes into play

when one body moves or even tries to move over the surface of another body. The
force of friction arises due to the irregularities between the surfac t contact. Thus,
the force of friction develops at the surfaces of contact of tw and opposes
their relative motion.
Aristotle’s fallacy: External force is required to keep the bod
Flaw: If there exist no friction, there would be no
frictional force, f is always present in the natur

external force is required to counter the frictional force ex

(F & f) sum to a zero net external force.
. The law of Inertia: by Galileo Galilei
The state of rest and state of uni r motion (constant velocity) are

equivalent.
Inertia: The tendency of a body to ange in its state of rest or of uniform

motion is called inertia of the bo

If the net external force is ,ab rest remains at rest and a body in motion
continuously moves wit elocity. This property is called inertia. Inertia means
resistance to change

Types of Inertia:

Inertia of rest: t C a body to oppose any change in its state of rest.

Ex: when a starts Suddenly in a forward direction, the bus's passengers fall
backward.
Inerti
uni
Ex: th ssengers fall forward when a fast-moving bus stops suddenly.
Inertia of¥direction: The tendency of a body to oppose any change in its direction of
motion.
Ex: when a fast-moving bus negotiates a curve on the road, passengers fall toward
the center of the curved road.
Inertia and mass: It’s more difficult to move a heavier object as compared to a lighter
object. Therefore, heavier or more massive objects offer large inertia.

n: Phe tendency of a body to oppose any change in its state of

= The inertia of a body is measured by its mass.
= Inertia is the natural tendency of an object to resist any change in its state of rest or

of motion.

Contact: Vinita Chawla, 91-8168258349, www.physicsinduction.com



http://www.physicsinduction.com/
http://www.physicsinduction.com/
Class%209-1-Short%20notes-Matter%20in%20our%20surroundings.docx

PHYSICS INDUCTION www.physicsinduction.com

= The mass of the object is a measure of its inertia.

5.

|o

|\l

Newton’s first law of motion: Everybody continuous in its state of rest or of uniform

motion in a straight line unless compelled by some external unbalanced force to

change that state. If the net external force on a body is zero, its acceleration is zero.
Newton’s first law is also known as the law of inertia.

. Momentum: The quantity of motion possessed by a moving body is known as

momentum of the body. It is a vector quantity.
Mathematically, momentum of a body is equal to the product of mass and velocity of
the body.
Momentum= Mass x velocity
>
P=m.v

. Newton’s second law of motion: The rate of change o an object is

change in the
ce op the object.
is the time taken for this

directly proportional to the force acting on the
momentum takes place always in the direction of a
i.e., F o dp/dt where, dp is the change in moment
change.

The greater the change in momentum i
needs to be applied.

Shorter time for change needs greater
Mathematical formulation:
Consider an object of mass, m moWi itial velocity,_\f let a force, F acts on the

body and its velocity changdSto v + A r time, At.
Initial momentum of th ; L
Change in momentu he body,Ap= m.Av

0
Time take \ nge in momentum = At
_>
p/At [Where, k is a constant of proportionality)
d
t

k t (taking the limitAt 0, the term Ap/At becomes dp/dt)
= dh= d = F=km dv/dt = F=kma
a (for k=1)
Force acting on an object is directly proportional to its mass and acceleration.

Unit of force — Newton, N or kgm/s?

1N =1kgm/s?

Dimension of force: [MLT?]
1 Newton: 1 Newton is that much force that produces an acceleration of 1 m/s? in a
body of mass 1 kg.
Application: A cricket player lowers his hand while catching the ball. Because, in doing
so, the fielder increases the time during which the high velocity of the moving ball
decreases to zero. Thus, acceleration of the ball is decreased and therefore, impact of
catching the fast-moving ball is also reduced.
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e Some important points about the second law:
(i) F=0 => a=0 : consistent with the first law.
(ii) It is a vector law: Fx= dpx/dt =may, Fy= dp,/dt =may, F.= dp./dt =ma,
8. Impulse: It is a measure of total effect of the force. A large force acting for a short time
to produce a finite change in momentum is called Impulsive force.
Impulse = force x time = change in momentum.
For Example, A ball hits a wall and bounces back.
Applications:
(i) A cricket player lowers his hands to catch the ball.
(ii) Vehicles are provided with shockers.
(iii) Boogies of trains are provided with buffers.
9. Newton’s third law of motion: Action and Reaction Forces.
“To every action, there is an equal and opposite reaction”!
The third law of motion states that when one object

another object,

the second object instantaneously exerts an equal siteorce back on the first.
Note:
a) Action and Reaction forces are always equal in m t opposite in direction.

b) They act on two separate bodies.

c) As they act on two different bodies, the
are not balanced forces.

d) Though action and reaction forge
equal acceleration. This is because%the

Examples:
a) An object restingonat .
b) A ball rebounds aftergtriking against a floor.
t

c) Walking of a persqm®*w ground in the backward direction. Ground pushes us

bodies of different masses.

forward.

d) Swimming: immerjpushes water backward. The reaction offered by the water
to the swim es him forward.

e) When ired from a gun, the gun recoils i.e., it moves backward.

ckets and jet airplanes.
is contained in the first law:

—

B Fup+Fp,=0 Net external force = 0

The third lay
FAB =
The third law is contained in the second law: consider two objects A and B moving

in the same straight line and colliding. Let Aﬁl and AE) be the change in momenta
of A and B after collision.

AP_{ + AP_Z) = 0 (law of conservation of momentum)

AP, = —AP, dp, dP,
lim (282) 2 jim (252 dt - dt
At-0\ At |  A-0\ At Fypp=—Fp,
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10.Law of conservation of momentum: According to this law, the total momentum of
the system remains constant if no external force acts on the system.
i.e., P= constant if Fex=0.

Consider two objects of masses mi and m:

U Uz Vi vz
_ moving in the same direction in the same
@ a BN v W straight line with velocities u; and ua.
Let uxs > u. After some time, the two balls
Before Collision After Collston collide.

Let F1» => force exerted on object 2 due to 1.
And F.1=> force exerted on object 1 due to 2.
Suppose vi and v; are the velocities of the object after collisi
Momentum of object 1 before collision = miu;
momentum of object 2 before collision = myu>
momentum of object 1 after collision = miv1
momentum of object 2 after collision = myv2
Fi12 = m2 (v2— uz)/t; F21= mi(vi— u1)/t
According to third law of motion:
Fio=-F2
m3z (v2 — u2)/t =- ma(vi — u1)/t
maVvz - MaUz2 = - m1vi+ MUz
mivi + MaVvz = Mmiu1 + Mmauz
Total momentum after colligioh = Tot entum before collision
Type 1: Bullet and Gun:
a) The total initial moment@m of the bullet and the gun is zero as they are at rest.
b) The total final mgme f the gun-bullet system must be zero. Therefore, the
velocity of the g t must be in the opposite direction.
al Momentum = Initial Momentum
msivi + MV = miug + mau;
=0 = M1Vi=- MaV2 = Vi=- m2V2/ mai

antities in the above equation is negative. Therefore, a negative
plies that the velocity of the gun is in the direction opposite to the bullet.
colliding bodies joined and get entangled after collision.

Final Momentum = Initial Momentum

(m1+ m2) v=miui+ mau;
Type 3: Two colliding bodies interact and then separate:
Final Momentum = Initial Momentum
MaiVvi + Mav2 = MmiU1 + MauUz
As, p=mwvi+mvo+mavs+_ + MnVn
= MVcm

= F=dp/dt=MdVcm/ dt = Macm

43330
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In case of an isolated system, F =0
= dp/dt=0
= p = Constant
11.Horse and cart problem:

The horse pushes the ground backward by a force F, the
Ground exerts a force, N on the horse and the cart will
move if NCosB > f

F1 = force on the cart by the horse. F, = force on the horse by the cart.

Fi—f _NcosO6-F,
Mc Y
NCos6 and f : Self-adjustable adjust so that

Acceleration of the cart = Acceleration of th

12.The Apparent weight of a man in a lift/elevator:
(i) Elevator atrest: v=0and a=0:N=mg:Apparent
(ii) Elevator is moving uniformly in an upward/
constant and a = 0: Apparent weight = Actual
(iii) Elevator is accelerating upwards:
a) v =variableand a<g: N-mg=ma = (
weight
b) v=variableanda=g:N-mg=m
(iv) Elevator is accelerating downwa
a) v=variableanda<g:mg-N=m
b) v = variable and a
Weightlessness
¢) v =variable and
rise from the f i the ceiling.

C eight
direction: N = mg: v =

: Apparent weight > Actual

= Apparent weight = 2 Actual Weight

(g - a) : Apparent weight < Actual weight
mg => N = 0 : Apparent weight = 0 :

T

mit+m; my [ ] al
Clearly,a<g (mi>my)
1) =+ (2) gives

m4g

mg—-T ma m

T —myg _mza_mz
mym,g —Tm, =Tm; —mym,g
T(my; + my) = 2mym,g

2Zmim,g

my +m,
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14.Dynamics of Non-uniform circular motion: Under the action of torque, it requires
o angular acceleration, therefore, angular velocity and
Yy M (i veladiy) angular momentum will change, and hence, velocity,
\ momentum, and kinetic energy will change.

dw
a=—,7=Ia

dt’
5%, AtH:
Myl My Motion of a body, tied to one end of the string, whirled in a
C‘“ v=Isy7 ) (vertical circle)
f) Trax ot L
muv?
T —mgcosf =

2
2> T= % + mg cos 6 %
T: minimum, cos 8 = —1(minimum)

= © = 180° (Highest Point)

If Tmin < 0
= String will slack and body will f%

Therefore, Tmin =0

Tmin = (m:?l - mg) >0
E>m:’%’2mg n=gr

At L: Total mechanical energy at 3= Tetal Mechanical energy at H
1
Vi = zmv,z, + mg(2r)
ﬁ%vi: v1%1+ C>Ug25g7”

1
2
@%vfg% +2 = v, = 4/5gr
T: max, co +1(m
= 0 = 0°(lowestpoin = T, = 6mg
> T, g o +Ng

= Trma meg+ mg(= 6mg)
At M: Tgtal mechanical energy at M = Total mechanical energy at L

1 1
:Eva+mgr: Eva
=>%v,%4=%vf—gr = vy 2 4/3gr
= %v,ﬁ > %(Sgr) —gr
— 0 2
=90 > Ty = @+ mgcos90°
=>TM=m:’%423mg = Ty =3mg
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