WHY IT MATTERS

o

KEY TAKEAWAYS

 Law |: Inertia — Objects resist

v

MNewton's laws describe
hew sbjects move and why
they change their mation,

They are the basis of
mechanics and important
inevery field of science
and enginearing.

Essential for
NEET, JEE &
Board Exams.

change in their state of rest
or unifarm maotion.

Law II: Force causes
acceleration, Greater the
forea, graater the
aceeleration.

Law Iz Every action has an

equal and apposite
reaction.

w Laws are valid in inertial

frames of reference.

' Vectar nature of forze is

COMMON SYMBOLS

essential.

F - Farce (10)]
Ht : Mass kgl
@ i Acceleration (ma~)

| ¥ 1 Welaciy tmsh
Wz Initial velocity fm s}
t z Tire [a)
D : Linear momentum kgma ")
EF 1 Resulant force (N]
Fip ¢ Foreson2 duets 1 (M)
Fyi @ Foree on 1 due ta 2 [N)
g = Accoleration due o

( gravity (= 9.8 m 5~%)

NEWTON'S LAWS OF MOTION

e @ THE FOUNDATION OF CLASSICAL MECHANICS R ey

( NEWTON’'S FIRST LAW
OF MOTION (LAW OF INERTIA)

An object remains at rest or continues
ta move with uniferm velocity in a
straight line unless acted upon by an

j £F

The rate of change of momentum of
an object is directly praportional to
the resultant external force and oocurs

external unbalanced force. in the direction of the force.
At Rest - dfi
F, ext =

For constant mass:

NEWTON'S SECOND LAW
OF MOTION (LAW OF ACCELERATION)
To

dt

NEWTON’'S THIRD LAW
OF MOTION (LAW OF ACTION-REACTION)

every action, there is always an

equal and opposite reaction.

F:!l

—

Foye = ma |

In =calar form {1D: Where,
Fi; = Force on body 2 due to body 1
F = ma e
Inertia F;, = Force on body 1 due to body 2
- =2
The property of an object by virtue of 51 Unit: Newton (N} =kg m s —
which it resists any changa in its state Char a0
AT acteristics
of rest or uniform motion. Implications o
| « Greater the force, greater the * Forces always occur in pairs.
Types of Inertia | acceleration. + They act on two different bodies.
+ Inertia of rest | + Greater the mass, smaller the  They are equal in magnitude and
+ Inertia of motion | acceleration. oppasite in direction.
+ Inertiz of direction = Acceleration is in the direction | « They are of the same nature,
| : ‘ of the net force |

INERTIAL AMD NON-INERTIAL FRAMES FREE BODY DIAGRAM (FBD) SPECIAL CASES (USING F = ma)

Inertial Frame

A frame In whizh Mewtan’s
laws are valid, onit.
Example: A train moving with
constant velocity,

Nor-lnertial Frama

A frame in which Mewton's
laws are not valid,

Examples: An aceelerating train,
elewator in motion.

<

A diagram showing a body isolated from .
surroundings with all extemal forces acting

" f

BTk BEamoast e

Mlways draw FBD before applying

Mewton's laws.

HF=0 = a=0/{no acceleration)

i m is constant and F is constant,
a is constant.

i F is constant and m increases,
a decreases.

» If Fis constant and m decreases,
a increases.

“Force is the cause of change in
motion.”

PULLEY SYSTEM

| HH 1DEAL PULLEY ASSUMPTIONS | [E SINGLE FIXED PULLEY

-

FRICTION (A COMMON FORCE)
T, |

= Kinatic friction ()

Pulley it maseless

Pullgy is frictionless

{ no friction in axla )
String Ie light {massless)
and nextensible
Tension iz same
thraughout the string

Under these assumptions,
merehanical energy is
conservad.

ypes
Static friction (f.):
Acts when body

is at rest,

fo= N |

Where,

H SINGLE MOVABLE FULLEY

Sl

P4

] AT™WOoOD MACHINE
[TWO MASS SYSTEM)

E INCLINED PLANE WITH PULLEY

3 kEY cONCEPTS

+ Same string ==
same tension

Acctleration of
connected bodies

Is related [use
constraint equations).

{mz > m,)

+ Apply Newton's

i (Law I}

- . Laws saparately
+ Load is supported by two = | A o, on each hody.
« Charges direction of force sagments of strlng &= {my —majg | ¥ system in equilibrium:
— i F + L Do T= in® + Draw FBD for
= Machanical advantage = 1 e m.g = hRagEn | each mass
v F=T= g ffor equibrium [ T2 | 2mymag | = mag
« Mechanical advantage = 2 my + vy
APPLICATIONS OF NEWTON'S LAWS SOLVED EXAMPLE
o £ frwe = tsN Seat Belt Rexckor Propulsion Walking Recail of Gun A block of mass 5 kg is pulled by a
aliiici s S {Law 1) herizantal feree of 20 M on a

frictioniass surface. Find the
aceelzration.

Given: it = 5 kg, F=20

oonEtraint equations.,

Acts whan bady Hy = Coefficient of stutic friction On applying Newton's second laws
i in motion, e = Conffcient of kinatix friction F 20
* Limiting friction Unasd 1y = 1 i Due ta inertla of Hot gases are Foot pushes ground | (5un exerts force on F=ma = a= —emi
Maximum value of motion, bedy tends pushed downward, backward, ground bullet forward, bullet e
stiidientans to move forward rocket moves pushes body exerts equal force = % my
Generally, pi, < Mg when car stops ‘ upward. forward. | backward on gun. 20N
| suddenly. | | Skg i_,
IMPORTANT POINTS IMPORTANT FORMULAS KEY TAKEAWAYS
Lt ’
+ Mewton's laws are valid only in inartial frames. “ N Second Law (G 0 F— _ o COM simplifies the analysis of '@_ FRO TIP X
s e onts Sacond Laws (Ganers = E system motion. « Anapsidenity st foces, (G1) REMEMEER
PR I A ot QUL =, " ¥ Motion of COM depends anly on o Diraw a meat FED.
+ Resulant farce determines the matien. * Mewton's Second Law (Constant mass) [ = md tha resultant external forca. )
= _, . . + Choasse the right axs,
= In absence of extamal force, momentum » Third Law 1a = =Fa j :;::‘::::3;‘"“' mnf:mrim ? Understand tha concept
ramains esnstant. " o g pawartal cnisawalimn “pnme'lplvas. + Apply E-‘E = mi dueply, practice problems
+ Action and reaction forces do not cancel R P= v Thase cancepts are widely used in Companentwit. regularly and apply in
each other as they act on different bodies. v Impulse J- = Fﬁt s .ﬁﬁ machanics, patronamy, and + For pulley problems, uwe real-life situations]

# & CONCEPTCLEAR + PRACTICE MORE

wnginesring.
* SCORE HIGH o

* KHAN GLOBAL STUDIES *



