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PREFACE

Some key highlights of Oswaal Handbooks are:
Get Concept Clarity & Revision -
Fill Learning Gaps - 
Get Valuable Concept Insights -
Free Online Assessment -

All the Best!!

TEAM OSWAAL
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SYLLABUS

Physical World:-

Units and Measurement:- 

Motion in a Straight Line

Motion in a 2 - Dimension

Laws of Motion

Work, Energy and Power

System of Particle and Rotational Motion

Gravitation

Elasticity

Mechanical Properties of Solids

Mechanical Properties of Fluids

Thermal Properties of Matter
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Thermodynamics

Kinetic Theory of Gases 

Oscillation

Waves :- 

Electric Charges and Fields:- 

Electrostatic Potential and capacitance:- 

Current Electricity:- 

Magnetic Effects of Current:- 

Magnetism and Matter:- 

Electromagnetic:- 

Alternating Current

.....Contd Syllabus
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.....Contd Syllabus

Electromagnetic Waves

Ray Optics and Optical Instruments

Wave Optics

Dual Nature of Radiation and Matter

Atoms

Nuclei:- 

Semiconductors Electronics:- 





Class - 11, Unit-I

 Physical World

Good Workers work for Extended 
Session.
 Strength wise arrangement of fundamental forces 
in ascending order : Gravitation < Weak Nuclear 
force  Electromagnetism < Strong Nuclear force

Class - 11, Unit-II

 Motion In A Straight Line

Delhi to Vadodara via Tundla Agra.

 Displacement/time = Velocity

Velocity / time = acceleration

Class - 11, Unit-III

(a) Newton's Laws of Motion

Newton, Newton don't kick cow
She may move ahead little bit now*
Newton hears her MAAA sound**
Cow gives Newton a kick 
rebound***
* Newton's 1st law. A body continues its state of 
rest or state of motion unless it is acted upon 
by an unbalanced force.

** Newton's 2nd law F = ma

*** Newton's 3rd law : Every action has its equal 
and opposite reaction

Interpretation : 

1st two lines of the rhyme depicts the 1st law of 
motion

3rd line depicts the 2nd law of motion

i.e. F = m × l

Lat the depicts the 3rd law of motion

(b)  Motion In A Straight Line (2)

A will be I, when 0 is close to T
Replace the '' '' simply with ''d''
A

 = I

Class - 11, Unit-IV

 Work, Energy And Power

Fernandez d’souza ordered noodles, 
but was served pizza and pizza was a 
zest.
If force and Displacement are in opposite direction, 
then work done is negative.

If force and Displacement are in same direction, 
then work done is positive.

perpendicular to each 
other, then work done is zero.

Class - 11, Unit-V

Motion Of System Of Particles & Rigid Body

How rhino came swift? Since dino 
came slow.
Write 2MR2

2, 3, 4, 5 respectively.

Class - 11, Unit-VI

 Kelper's Laws of Planetary motion :



Interpretation:

Letter E and F of Essential Food represents 
''Elliptical'' and ''Foci".

1st Law : Planets move in elliptical orbits with Sun 
at one of the foci.

Letter E of the word Everyday represents "Equal":

2nd Law : A planet covers the equal area space in 
equal interval of time no matter where it is in its 
orbit.

axis:

3rd Law : 

the orbit.
2   R3.

Class - 11, Unit-VII

1. Mechanical Properties Of Solid

Young Ravi bought a pen.

(1) Relation between Y, B and : (write Y and B(1+ 
)

1Y = 3B (1 + )

So, the relation is 1Y = 3B ) or, Y = 3B )

(2) Relation between Y,  and : (write Y and (1+ 
)

1Y = 2  (1 + )

of Y

So, the relation is 1Y = 2  (1 + ) or, Y = 2  (1 + )

       

2. Thermal Properties of Matter

Fingers we have five
Cats have nine lives.
With 160 more
Cat will help you sure!

 5F

Cats have nine lives.  9C

With 160 more  9C + 160

Cat will help you sure!  5F = 9C + 160

Class - 11, Unit-VIII

Thermodynamics

Temperature, Volume, Pressure No 
Heat is transferred
Constant temperature  Isothermal process

Constant volume  Isochoric process

Constant pressure  Isobaric process

No heat transferred  Adiabatic process

Class - 11, Unit-IX

Behaviour of Perfect Gas & Kinetic Theory

Baa Baa Black Sheep
Have you any wool?
Yes sir, Mom has 3 bags full.
Dadi needs 5 bags normally cool
Papa keeps 6 bags normal rule.
Papa, Dadi each needs 2 bags more
High cold whenever, be very sure.
Mom has 3 bags full 
Monoatomic gas is 3.
Dadi needs 5 bags normally cool

(room) temperature is 5.

Papa keeps 6 bags normal rule 
freedom of Polyatomic gas at normal (room) 
temperature is 6.
Papa, Dadi each needs 2 bags more 

temperature is 6+2=8.
High cold whenever, be very sure 

temperature is 5+2=7.



Class - 11, Unit-X

Waves

Teacher Punished Lazy Dog.

Particle oscillation in Transverse wave 
Perpendicular to the direction of propagation of 
wave

Particle oscillation in Longitudinal wave  In the 
direction of propagation of wave

Class - 12, Unit-I

Electric Charge & Field

Equally divide cost per annum.

e divide the charge (enclosed)
by the free space permittivity and area of the 
Gaussian

Class - 12, Unit-II

Resistor colour code :

Interpretation :

Colour codes of carbon resistors :

Colour Corresponding 
number

Black 0

Brown 1

Red 2

Orange 3

Yellow 4

Green 5

Berlin 6

Violet 7

Grey 8

White 9

Class - 12, Unit-III

Moving Charge And Magnetism

Fleming's left and right hand rule:

FORCE.

Class - 12, Unit-IV

Alternating Current

Calcutta City Very Lovely and Very 
Congested
For capacitive circuit  Current leads Voltage

For inductive circuit  voltage leads current

Class - 12, Unit-V

 Electromagnetic Waves

Russian Magician showed an 
Interesting Very Unusual X eye 
Game



Electromagnetic waves with increasing frequency 

(decreasing wavelength) is in the order of:

(a) Radio wave

(b) Microwave

(c) Infrared

(d) Visible light

(e) Ultraviolet

(f) X

(g) Gamma Rays

Class - 12, Unit-VI

(a). Ray Optics & Optical Instruments

M means MORE i.e

(b). Ray Optics & Optical Instruments

L means LESS i.e 

Class - 12, Unit-VII

Einstein's equation of Photoelectric 
effect :

Energy of emitted electron + Work function = 
Energy of incident Photon

Interpretation :

E + = hf

Or, E = hf = 

Class - 12, Unit-VIII

(a). Atom : Hydrogen Spectra 

Papa brings Pastry for Babu and 
Lal
When ni = 1, the series is Lyman

When ni = 2, the series is Balmer

When ni = 3, the series is Paschen

When ni = 4, the series is Brackett

When ni = 5, the series is p

(b). Atom : Hydrogen Spectra

1 is Unimportant, 2 is Very 
important and rest are Important

If ni = 1, i.e. Lyman series is in UV range.

If ni = 2, i.e. Balmer series is in VISIBLE range.

If ni = 3, 4 and 5, i.e. Paschen series, Brackett 
IR range

(c). Isotope, Isobar, Isotone

ISO Tope Bar Tone



In isotopes, number of protons are same. 
Number of neutrons are different.

In isotones, number of neutrons are same. 
Number of protons are different.

In isobars, number of neutrons are different. 
Number of protons are also different. But the

total nucleons remain same.

Class - 12, Unit-IX

Electronic Devices

Truth table of A OR gate

then only the bulb is ON.

i.e. When both the inputs are 1, then only output 
is 1. Otherwise the output is 0.

For OR gate, when both the switches are OFF, then 
only the bulb is OFF.

i.e. When both the inputs are 0, then only output 
is 0. Otherwise the output is 1







Chapter Objectives
Science and Its Origin, Physics-Scope, Progress, Technology, Nature of Physical Laws.

Concepts Clarified : 
Science and Its Origin 

Scientia to know

 Kaizen
For Example : Tycho Brahe’s

Natural Science

Physics

Phusike nature

 (1)  Unification
For Example 

 (2)  Reduction 
For Example 

Uses and Impacts of Physics 

Scope of Physics

 Length
 Time

Mass



   Macroscopic Domain

Mechanics

For Example : 
Electrodynamics
For Example :

Optics

Thermodynamics

Microscopic Domain

Progress

Hypothesis, Axiom, Assumption and Models 

Technology

Hanh Meitner

Nature of physical laws
Fundamental Forces of nature

Gravitational Force :

Electromagnetic Force :



Strong Nuclear Force :

Weak Nuclear Force :

Neutrino. 
Wolfgang Paul 

Difference between Various forces :

Name Relative Strength Range Operates among

Unification of Forces :

Name of Physicist Year Achievement in Unification

  Conserved Quantities 

Example :

   Conservation Laws 

A. Law of Conservation of Energy :



B. Law of Conservation of Mass

i.e., E mc c

C. Law of Conservation of Linear Momentum

D. Law of Conservation of Angular Momentum : For more details,
scan the code





Chapter Objectives
 Need for measurement : Units of measurement, Fundamental and derived units, Systems of units, Dimensions of physical 

quantities, Length, mass and time measurements, Accuracy and precision of measuring instruments; Errors in measurement, 
Significant figures, Dimensional analysis and its applications. 

Concepts Clarified :

 Need of measurement :

 Physical Quantity : 

 Units of Measurement

 Fundamental and Derived Units  

S. No Fundamental Quantity Fundamental Unit Symbol

1

2

3

4

5

6

7

 Definition of Fundamental Units : 

1 Metre
 1 Kilogram

1 Second
1 Kelvin 
1 Ampere

For more details,
scan the code



 1 Candela

1 Mole 

 Supplementary Fundamental Units :

d

ds

Plane angle :

ds
r

dd

r

Solid angle : 

d
r

S. No Supplementary Fundamental Quantity Supplementary Unit Symbol

1

2

Derived Units 
Example

 System of Units : 

 CGS System
FPS System
MKS System
SI System 

 Relationship between Some Mechanical SI unit and Commonly used Units :

S.No Physical Quantity Unit

1

2

3

4

5

6

7



Measurement of Length, Mass and Time : 
Measurement of Length : 

Measuring Large Distance – Parallax Method :

   Parallax Method – Measuring distance of a Planet : 

d
:

 (1) 

(2) 

(3) 
n t 

n n

n

Some Approximated Distances : 
(1)

(2)

3)

(4)

(5)
 Measurement of Mass :

Note

l

b
b

b b
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Object Kilogram

Measurement of Time : 

i.e.,

Some Important Values :

Range of Time Time Interval (s)

 Dimensions of Physical Quantities

S.No. Physical Quantity Dimensional Formula MKS units

1

2

3

4

5

6

7

8

9

10

11

12

13

14



15

16

17

18

19

20

 Accuracy and Precision of Measuring Instruments : 

 Error in Measurement :  

Instrumental Error :
Example

  Imperfection in Experimental Technique :
Example

  Personal Error : 

  Random Error

  Least Count Error :

 Error in series of Measurement : 
1  Absolute Error

n

1 = m  1

2 = m  2

n = m  n
2 Mean Absolute Error

n

n
3 Relative Error :

m

4 Percentage Error :

 m
Propagation in Error :

x a + b x a b
a b a a b b

x a b
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x a b x

a b a a b b
a bx

x a b
 Significant Figures  

Rules for finding Significant Figure :
1.
2.
3.
4.

5.

 Significant figures in Algebraic Operations
(i)

l l l l
l l l

(ii)
l b l b

Rules for Rounding Off Significant Figures :
1.
2.
3.

4.

 Dimensional Analysis and Its Application 
Analysis : 

For Example : 
 Application : 

Note : 

 Deducing relation among physical quantities :  

 Example : k lx gy mz

x y z x y y z

x y y z x y z

For more details,
scan the code

For more details,
scan the code

For more details,
scan the code





Chapter Objectives
 Frame of reference, Motion in a straight line, Position, Displacement, Distance, Speed and Velocity.
 Average speed and velocity, Instantaneous speed and velocity, uniform, average and instantaneous acceleration.
 Graphical Representation – Position - time, velocity - time, motion with variable acceleration.

Concepts Clarified : 
 Mechanics : It is the branch of Physics which deals with the study of motion in physical bodies. Mechanics can be 

classified into below mentioned categories :
 Statics : It is the branch of Physics which deals with the study of bodies under rest.
  Dynamics : It is a branch of Physics which deals with the study of bodies taking factors for the cause of motion 

under consideration.
  Kinematics : It is the branch of mechanics which deals with the study of motion without taking cause of motion 

into consideration.
  Rest and Motion :
   Rest : An object is at rest if the position of the object doesn’t change with respect to the surrounding.  

Example : A painting hung on a wall is at rest with respect to the wall.
   Motion : An object is said to be in motion if it changes its position with respect to the surroundings.  

Example : A sliding door in motion with respect to the wall.
  Note – Rest and Motion both are relative states of an object. 

 Frame of Reference : It is defined as the system with the reference of which the observer defines the event. It is 
usually defined in terms of co-ordinates.

  Points to consider while studying this chapter  
  Every object will be treated as Point Mass. Point Mass Object is defined as the object that covers distance much 

greater than its own size while in motion. It is the smallest part of matter with zero dimension.
  Rectilinear Motion will be taken into consideration only.

Motion in a straight Line : 
   Position of any object can be explained using two factors i.e., distance from the observer and its 

direction with respect to the observer. This is the cause of Position Vector that defines the position as 
the characteristic of an object.

   Assume P as a point on xy plane and its co-ordinate be (x, y), then position vector r  of point P will be  and 

if the point is in (x, y, z) then position vector can be expressed as .
  Types of Motion : 

One-Dimensional Two-Dimensional Three-Dimensional

Motion of a body in a straight line 
is called One-Dimensional Motion.

Motion of a body in a Plane is 
called Two-Dimensional Motion.

Motion of a body in space is called 
Three-Dimensional Motion.

Only one co-ordinate of the 
position of the object changes with 
time.

Two co-ordinates of the position of 
the object change with time.

All the three co-ordinates of the 
position of the object change with 
time.

Example : Motion of Car along a 
straight road.

Example : Motion of Billiard Ball. Example : Motion of Kite in sky.

For more details,
scan the code

For more details,
scan the code



 Position, Displacement, Distance : 
Position : Position is defined to know the exact position of an object. It is generally taken with 
respect to a reference, this reference is generally known as Origin. Change in Position is generally 
defined using two quantities :

  Distance : Actual Path travelled by the body during motion. 
   SI Unit – ‘metre’. Dimension – [M0 L1T0]
   Displacement : Difference between the initial point and the final point during the course of motion.
    SI Unit – ‘metre’. Dimension – [M0L1T0]
  Difference between Distance and Displacement : 

         

Distance Displacement

Actual Path travelled by the body during motion. Shortest distance travelled by the body during 
course of motion.

It is a Scalar Quantity. It is a Vector Quantity.
Distance travelled can never be negative or zero 
and is always positive. It will be equal or greater 
than the displacement.
Distance > Displacement

Displacement can be positive, negative or zero 
during motion. The magnitude of displacement may 
be less than the actual distance travelled.

The distance is the function of path travelled. The displacement will be less than or equal to the 
distance.

Speed Time Velocity Time

 Speed and Velocity : 
Speed : Rate of distance covered with time is called Speed.

   SI Unit – ‘metre/second’, Dimension – [M0L1T-1], Scalar Quantity.
  Various types of speed are as follows :
 1.  Uniform Speed : When a particle covers equal distances in equal span of time then it is said to be in Uniform 

Motion.
 2.  Non-Uniform Motion : When an object covers unequal distances in certain span of time then it is said to be Non-

Uniform Motion.
  Velocity : Rate of displacement with time. 
   SI Unit – ‘metre/second’, Dimension – [M0L1T-1], Vector Quantity.
 1.  Uniform Velocity : If the magnitude of velocity as well as direction remain same and the particle moves in same 

direction without reversing then it is known as Uniform Velocity.
 2.  Non-Uniform Velocity : If the magnitude of velocity as well as direction remains changing or change once, such 

velocity is known as Non-uniform Velocity.
 Difference between speed and velocity :

         

Speed Velocity

Rate of distance covered with time. Rate of displacement with time.

It is a Scalar Quantity. It is a Vector Quantity.

It is positive while in motion. It can be negative, positive or zero while in motion.

It is greater or equal to the value of velocity. It is less than or equal to the speed.

  Scalar and Vector Quantities : 
  The quantities which can be defined using their magnitude only are known as Scalars. 
 Example : Temperature, Speed
 The quantities which can be defined using their magnitude as well as direction are known as Vectors.  
 Example : Temperature Gradient, Momentum, Torque.

  Average Velocity and Average Speed : 
   Average Velocity : It is defined as the total displacement of the body divided by the total time 

interval in which it is accomplished.

   Average Speed : It can be defined as the ratio of the total distance covered to the total time in which the motion has 
taken place.
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Instantaneous Velocity and Instantaneous Speed : 
  Instantaneous Velocity : It is defined as the rate of change of position vector with the time at a certain instant.

 

  Instantaneous Speed : It is defined as the speed of a particle at any instant.

 

 Uniform, Average and Instantaneous Acceleration : 
Average Acceleration : Average acceleration over a time interval is defined as the ratio of change of 
 velocity with time interval. 

  
where v1 and v2 are velocities at time t2 and t1. 

  Instantaneous Acceleration : It is defined as the same way as instantaneous velocity.  

 

 When acceleration is uniform, instantaneous acceleration is equal to average acceleration.
  Since velocity is a vector quantity, the acceleration i.e., change in velocity will also depend on 

magnitude and direction.
 Acceleration can be zero, positive and negative.

  Given : If velocity of an object is at t = 0 and v at time t, then 

    0

0
 or  v = v0 + at (This is known as First Kinematic Equation of Motion)

  Other Equation of Motion are – 

 (i) 0

(ii) 

(iii) 

 (iv) 

Graphical Representation – Position-Time, Acceleration-Time, Velocity-Time : 
   Position-Time Graph : This representation will give the variation of position with 

respect to time. Using this we can also judge the variation in velocity and acceleration 
as follows :

s

t

so v = 0
i.e., line parallel to time axis represents that the particle 
is at rest.

s

t

so v = 
i.e., line perpendicular to time axis represents that 
particle is changing its position but time does not change 
it means particle possess infinite velocity.
Practically this is not possible.
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s

t

constant so v = constant, a = 0
i.e., line with constant slope represents uniform velocity 
of the particle.

s

t

is increasing so v is increasing, a is positive. 
i.e., line is bending towards position axis represents 
increasing velocity of particle. It means the particle 
possess acceleration.

O Time

Ve
lo

ci
ty is decreasing so v is decreasing, a is negative. 

i.e., line is bending towards time axis represents 
decreasing velocity of particle. It means the particle 
possess retardation.

s

t

is constant but > 90  so v will be constant but negative. 
i.e., line with negative slope represents that particle 
returns towards the point of reference. (negative 
displacement).

s

t

Straight line segments of different slopes represent that 
the velocity of the body changes after certain interval of 
time. 

t

s

This graph shows that at one instance the particle has 
two positions which is not possible.

s

t

The graph shows that particle coming towards origin 
initially and after that is moving away from the origin.

  Note : 
  If the graph is plotted between distance and time, then it is always an increasing curve as distance always 

increases with time. 
 If graph between displacement and time is plotted with slopes 1 and 2 possess velocity v1 and v2 then

       

v
v

    Velocity-Time Graph : This kind of graph is plotted between time and velocity in y and x-axis respectively. This area 
covered under this graph gives the displacement and distance travelled by the body for given time.

   Total distance = Addition of Modulus of different area i.e., s = 

Total distance = Addition of various areas considering their sign i.e., s = 
Acceleration : The slope of velocity-time graph gives the acceleration of the particle.



Various Velocity-Time graphs and their interpretation :

Time
Ve

lo
ci

ty

v = constant
i.e., line parallel to time axis represents that the particle is 
moving with constant velocity.

a = v = increasing
i.e., line perpendicular to time axis represents that 
particle is increasing its velocity but time does not 
change. It means particle possess infinite acceleration. 
Practically this is not possible.

O
Time

Ve
lo

ci
ty constant so  = constant and v is increasing 

uniformly with time,
i.e., line with constant slope represents uniform 
acceleration of the particle.

O
Time

Ve
lo

ci
ty

is increasing so acceleration increasing
i.e., line is bending towards velocity axis represent the 
increasing acceleration in body.

O Time

Ve
lo

ci
ty

is decreasing so acceleration decreasing 
i.e., line is bending towards time axis represents 
decreasing acceleration in body.

Time

Ve
lo

ci
ty

O

Positive constant acceleration because  is constant and 
< 90  but initial velocity of the particle is negative.

Time
O

Ve
lo

ci
ty

Positive constant acceleration because  is constant and 
< 90  but initial velocity of the particle is positive.

Ve
lo

ci
ty

Time
O

Negative constant acceleration because  is constant and 
> 90  but initial velocity of the particle is positive.



Ve
lo

ci
ty

Time
O

Negative constant acceleration because  is constant and 
> 90  but initial velocity of the particle is zero.

Ve
lo

ci
ty

Time
O

Negative constant acceleration because  is constant and 
> 90  but initial velocity of the particle is negative.

  Motion with Variable Acceleration : 

 1. If the acceleration is a function of time 

  

2. If the acceleration is a function of distance 

3. If the acceleration is a function of velocity

II. Important Formulae
1. x = x2 – x1

2. Average Velocity  

3. Average Speed   

 4. Instantaneous Velocity  

5. Instantaneous Speed  

 6. Instantaneous Acceleration   

 7. Average Acceleration                            

 8. Kinematic Equation of Motion       





Chapter Objectives
 Scalar and Vectors, Unit Vector, Scalar - Addition, Subtraction and Multiplication with Vectors, Parallel Vectors, Equality 

of Vectors, Addition of Vectors, Subtraction of Vectors, Zero Vector.
 Resolution of a vectors, Scalar Product of Vector, Cross Product of Vector, Rectangular components, Scalar and Vector 

product of vectors.
 Motion in 2D (Plane) - Position Vector and Displacement, Average Velocity, Instantaneous Velocity, Average Acceleration, 

Instantaneous Acceleration.
 Projectile Motion - Maximum Height, Range and Time of Flight of a Projectile.
 Uniform Circular Motion – Angular Displacement, Angular Velocity, Angular Acceleration, Centripetal Acceleration.
 Relative Motion - River Boat Problems, Relative Velocity of Rain.

Concepts Clarified : 
Scalars and Vector : 

  Study of motion is based on various quantities which are used to define physical quantities like Distance, 
Displacement, Velocity, Acceleration, Energy, Momentum etc.  Motion of an object can be 2-Dimension as well as 
3-Dimension. In order to grasp the physical world in 3-Dimension, we need to understand the vectors.

   Some of the quantity need to be defined along the direction of their action. Such quantity depends on magnitude 
and direction of action. Vector notation is used to define such quantities. Based on number of dependants 
(magnitude and direction), quantities can be classified into two categories :

 Scalar & Vector Quantities : 
 (i)  Scalar Quantity : The Quantities that can be defined completely using their magnitude only 

(along with proper unit) can be termed as Scalar Quantity. 
   Example : Refractive index, Temperature,  Frequency, Entropy, Energy, Calories, Length, Time, 

Work etc.

 (ii)  Vector Quantity : The Quantities that require magnitude and direction both to describe a 
complete  scenario can be termed as Vector Quantity. 

   Example : Temperature gradient, Dipole Moment, Vector potential, Jounce, Crackle, 
Polarization, Current density, Magnetic Flux Density, Auxiliary Field, Spin etc. 

   For Example : A is certain distance far from a location B. Then, how far is A from B? It can be defined by Scalar 
Quantity but how to reach A from B? It can be answered using vectors i.e., we have to define the distance along 
with the direction.

Unit Vector : 
  Vector having magnitude equal to unity and in a defined direction. A unit 

vector mathematically can be defined as the resultant of vector division with its 
magnitude. Mathematical Term is given by :

a
a
a| |

 Scalar - Addition, Subtraction and Multiplication with Vectors : 

  Let there be two unit vectors 

y

z

i x
k

j
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Addition :  

Subtraction :  

Multiplication with a scalar quantity “c” : 

 
Let’s try to plot it on co-ordinate axes : 

Magnitude of r1         

Direction of r1 

Parallel Vectors : 
  Two or more vectors having same direction are known as Parallel Vectors. Mathematically, parallel vectors are 

formed by scalar multiplication of a vector.

  Example : If b = k a  then b  and a are parallel vectors.
 Equality of Vectors :  
  Vectors having same magnitude and direction are known as Equal Vectors. 

  these vectors cannot be compared as they represent two different quantities.

 Addition of Vectors : 
Addition  or composition of vectors means finding the resultant of a number of vectors acting on a body. The 
vectors can be added geometrically and not algebraically vectors, whose resultant is to be calculated behave 
independent of each other. In other words, each vector behaves  if the other vectors were absent.
Graphical Representation is as follows :

      

The first vector a  is drawn first and then tail of the second vector b  is added to the head. The resultant vector 

will be equivalent to value of the vector formed by joining tail of a  to the head of b  directly.

a+b
b

b

a  

a +
b

b

a

This is known as ‘Triangle Rule of Vector Addition’.

Another way to find the addition is “Parallelogram Rule of Vector”. In this we draw vectors a  and b  joining 
their tails at a common point. Using adjacent sides, we can form a parallelogram, then diagonal formed is the 
resultant vector (magnitude and direction).

Finding the magnitude of a + b as follows:

    

y

x

b
a1, b1

b

a

r

b

a

b

a



 Subtraction of Vectors : 
The subtraction of vectors can be handled using addition.

     

 Zero Vector :

In the given triangle PQR,  must be equal to zero as the overall displacement 
from starting point to end point is zero. 

Hence,  0

 Resolution of Vector : 

   
By Vector Addition Rule, 

If represent unit vectors along OX and OY respectively, then 

   

 Scalar or Dot Product of Vectors :

The scalar product of two vectors can be constructed by taking the component of one vector in the direction of 
the other and multiplying  it times the magnitude of the other vector.

Note : The Dot Product is Commutative and Distributive.

    

 Cross or Vector Product of Vectors : 

The  cross product of a  and b  is defined as a vector c  such that it is orthogonal to both a  and b  with the 
direction given by right hand thumb rule and the magnitude is equal to the area of the parallelogram in that 
span.

  Mathematically it is defined as :

  
a b a b n

Here, n  is the unit vector &  is the angle between a b .

    Properties of Cross / Vector Product : 

 1. 

 2. 

 3. 

 4. m m

Y

C A

X
BO

a

b



5. 

6. 

 7. 

 8. 

 9. 

If two vectors A  and B in terms of their rectangular components are 

then, 

It can also be found using determinant method : 

 Motion in 2D (Plane)
  Position Vector and Displacement : Position Vector of a point P in a two-

dimensional plane located with reference to origin of an x-y co-ordinate 
system. 

Let r be the position vector and is given by 
Initial Position will be given by :

1 1 1

Displacement =  

From the above fig. we can conclude that

r r r1
 (By Triangle law of vector addition)

  Average Velocity :

    

  Note : Direction will be same as that of the resultant.
  Instantaneous Velocity :

     

where,             

   Note : The instantaneous velocity at any point of the path is represented by the magnitude and directed towards 
the tangent to the path of the object at that point (in the direction of motion).

  Average Acceleration :

    

y

x yx, y

x

r

r
r

vx

vy v
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 Instantaneous Acceleration :

yx

x y

dvdvdv
a i j

dt dt dt

a a i a j

 Projectile Motion : 
This concept was first delivered or observed by Galileo. He tried to show that “Horizontal and vertical movement 
of a projectile are mutually independent”. One can easily understand that by performing the below mentioned 
activity. 
Pick two objects, project one of them with some motion 
in horizontal direction. Wait for some time and then pick 
up the second object and drop it down vertically from the 
same height. Observation are as follows :
We will find that both the objects hit the Ground at same 
time. This shows that the downward acceleration is same 
in case of a Projectile as well as Free falling body. Secondly 
the Measurement of time and distance will show that 
velocity of Object in Horizontal Direction will continue 
unchanged. 
Both the above observations conclude that the vertical motion and the horizontal motion are mutually 
independent in case of a Projectile Motion.
There are two important properties of a Projectile motion as mentioned below :
1. Horizontal Velocity Component. (Constant)
2. Vertically Downward Acceleration Component. (Constant)
Note : The curve in the Projectile Motion is the result of the constant value of two above mentioned values.
Let us take another example to understand this more clear. Suppose a man throws an object from point A with 
initial horizontal speed. As per Newton’s Second Law, considering force as equivalent to product of mass and 
acceleration. The object motion in horizontal direction will remain unchanged i.e., no acceleration will act unless 
there is a horizontally directed force acting in an opposite direction. If we ignore the air friction (under the ideal 
condition), only force acting on the ball will be the “Force of Gravity”. 

Hence the Horizontal Speed vh of the ball will remain 
unchanged. As per the figure given, the ball moves with the 
speed to the right, it will fall under the Action of Gravity, it will 
be shown by the vector vv where vh and vv are the horizontal 
and vertical components of the velocity respectively. 

The expression for the velocity will be :
hv v v and 

will be tangential to the trajectory.

As we had defined the Projectile Motion, let us determine 
the maxima’s in horizontal, vertical direction and the  
flight time i.e., “How high and how far does a projectile go 
and for how long does it remain in air”. 
Above mentioned factors will be of great consideration if we must land or project an object to a certain target.  
For Example : Hitting a football in Goal, Hitting a cricket ball to boundary etc.

  Maximum Height, Range and Time of Flight of a Projectile :
Now let us determine a Projectile Motion in order to determine the above-mentioned factors like Maximum 
Height, Time of Flight and Range. The ideal case will be considered i.e., taking air and wind friction as zero. 
Note : The Velocity of the Projectile is defined in horizontal and vertical components of the velocity.
Let us define the assumptions as mentioned below :
1. x-axis in horizontal direction and y-axis in vertical direction. 
2. Initial position as Origin at t = 0, the coordinates will be x = 0, y = 0.
The projectile is launched at an angle 0(Angle of Elevation, along the x-axis) and initial velocity as vo. The com-
ponents of velocity are as follows :

vax = v0 cos 0 and vay = v0 sin 0

Defining the Projectile’s acceleration in horizontal and Vertical Components, then :

0

y

u

(0, 0) A(x, 0)

P

Horizontal axis

x

x

Vertical axis

vh

vv

vA

v

v
vv

v

v



ax = 0; ay = – g = – 9.8 ms–2

As the acceleration is due to gravity, hence it will always appear 
in downward direction hence, negative sign will be used for 
ay always. Secondly, the horizontal component i.e., ax remain 
constant. 
We can use basic equation for the motion to define the horizontal 
and vertical components of Projectile’s velocity and position at 
time t. Value is as follow :
For, 
Horizontal Motion :     vax = vx, Since ax = 0 ...(i)
   x = vaxt = v0 cos t ...(ii)
Vertical Motion :  vy = vay – gt = v0 sin – gt ...(iii)

   ay oy v t gt v t gt ...(iv)

The vertical position and velocity component can be illustrated as :

   
y aygy v v

 ...(v)

We can note that the motion in horizontal direction is defined in equations (i) and (ii) with constant velocity. The 
motion in vertical direction is defined by equations (iii) and (iv) with constant downward acceleration. 
Velocity and position of the projectile at any instant of time can be defined by the summation of the two respective 
components.
Using above defined equations to derive the maximum height, time of flight and the range of projectile. 

   Maximum Height : In Projectile motion through air, the object climbs up to a certain height (h) before downfall. 
The Vertical component of velocity is considered as 0, when the object is at maximum height under projectile 
motion. After this instant the object did not move upward and start falling under the action of gravity. Hence, 
putting vy = 0 in Eqns. (iii) and (v), we get

   0 = vay – gt

 Time taken to reach the maximum height under projectile motion will be given by 

   ayv v
t

g g
 ...(vi)

  We had already defined that at the height defined in Eqn. the vertical component of velocity will be 0. Hence 
applying v2 – u2 = 2as = 2gh. Hence, we get :

   v
h

g
(where v = 0 and u = v sin ) ...(vii)

  Note : All the derivations are defined taking air resistance and wind friction as 0.  This is a good communication 
for a projectile with a fairly low velocity.

  We can now define the total time (Using Equation (vi)) for which the object will remain in air under the 
projectile motion. This is termed as Time of Flight.

   Time of Flight : The total time spent by the object in air under the projectile motion or the time interval 
between the launch and the instant when the object touches the ground is known as Time of Flight.

  The time t represented in Equation (vi) is the half of the Time of Flight. Therefore, the total time of Flight will 
be given by :

   
v

t
g

 ...(viii)

 Now, let us calculate the range i.e., the distance travelled horizontally under the projectile.
   Range : Range of the projectile can be derived the maximum distance travelled by the object under Projectile 

Motion. It can be derived by multiplying the time of Flight with the velocity (using Basic method Distance = 
Speed × Time)

   

axv t
v

v
g

v
g

v
g

 ...(ix)

v0

uo

h 



Using Equation (ix), we can clearly see that the range of a projectile is proportional to Initial Speed v and 
 Direction / Angle 
Let us define the maximum range of the Projectile : 

 As v
g

, value is dependant on sin 2 , the value of sin  ranges between – 1 to 1. The maximum 

value i.e., 1 is attained at 90o. 
 Comparing the same to get the maximum value 2  = 90o, hence  = 45o (for R to be maximum).

  Equation of a Trajectory : 
  Path traced by a body under the action of gravity is known as Trajectory. To derive it mathematically we must 

define it in x and y directions and relate it by eliminating time.

Horizontal Motion Vertical Motion

ux = ucos  uy = usin  

ax = 0 ay = – g

sx= ucos t sx = uyt +  ayt
2

x x
y u g

u u

 

gx
y u tan x

u
y bx ax

Special Case : Projectile Motion in an Incline

The objective involved in this case is to find out the factors or attributes involved when the projectile is launched 
up an incline (incline angle ) with initial velocity vi at an angle i with respect to the horizontal ( i > i)
Let us take an example to understand and derive the formula for the same.

y
y

g

x
x

dv

Along the base line i.e., Case I, kinematic equation can be :
 x = (v0cos )t

   g
y v t t

Point of Impact with Incline is the point of trajectory y = Y(x) with Y being the function evaluated by removing t 
from the above equations. We obtain :

 
g x

y x
v

The co-ordinates of P(xp, yp) = (dcos , dsin ), putting value in y, we get :

   
g d

d d
v

Solving above equation we get, d = 0 and other one is :

 
vv

d
g g

For Case II, Equation of motion can be written as :

 
g

x v t t



 g
y v t t

Above two equations show that both x and y are quadratic in t. We have y = 0 only at two points x = 0 (Point O) 
and P (where x = d), we get

 g
t v t

From this equation we get two solution for the Flight time, t=0 and the other is :

 
v

t
g

Putting the value of t in value of x for Case II, we get distance d along the incline i.e.,

vv g v
d v

g g g

Note : In order to check the correctness of the derived formula we can check the correctness of the formula. If we 

put , we get
v

d
g

. Hence, we get the correct result.

Now we will try to find the value of  for which the d (range) is maximum and value of dmax.
One way to find the maxima is to take the derivative of d with respect to , while keeping v0, g constant and 

d . Other way to find the value of d and rewrite in such a way that answer become obvious. We will go with 

second one.
Keeping v0, g constant, the only factor by which the value of d depends on  is sin ( cos . This can be 
structured as :

 

The value will be maximum when sin (2 – ) = 1, which implies , we can easily deduce that d will be 

maximum for  and the value of 

   
v

d
g

 If v
d

g

 Uniform Circular Motion :

When a body moves in a circular path with constant speed, the body is said to be in uniform circular motion. 

 Angular Displacement :

 Angle traced by the radius vector at the centre of the circular path at any instant can be termed as Angular 
Displacement. 

   = 

It is denoted by  – magnitude of the angular displacement with unit as radian (rad).
   Angular Velocity : Rate of change of angular displacement can be defined as Angular Velocity. 
  Mathematically it is represented as : 

d
t dt

It is denoted by  and is measured in rad s–1 (radian per second).

  Angular Acceleration : 

  Rate of change of angular velocity is defined as Angular Acceleration. It is represented as :

   d
a

t dt

Projectile Motion
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For uniform acceleration, the equation of motion can be modified as :

 (i) f i at  (ii) f i a   (iii) it at

Time period is defined as the time taken by an object to complete one revolution in its circular path. The 
number of revolutions completed in unit time under uniform circular motion is denoted as Frequency ( ). Unit 
of frequency is Hertz. It can be related as :

   .T = 1 or  = 

The relation between angular velocity, frequency and time period is given by :

   
t T

 Centripetal Acceleration : 
   In order to maintain the movement of particle in uniform circular motion, an inward continuously 

inward acceleration is maintained. Such acceleration is known as Centripetal Acceleration. 

   
c

v r
a r r

r T

 Relative Motion : 

It is a very general term, technically we use it for “in relation to” or ''with respect to''
Example :
Case I – If you see a car moving at 20 m/s in a certain direction, relative 
velocity will be 20 m/s.
Case II – If you are inside the car and car is moving at 20 m/s, the 
velocity of the car in relation to your position is 0m/s as it seems to be 
at rest.

Mathematically, Velocity of B w.r.t.  

Being a vector quantity, this is also valid  

 River Boat Problems :

This is one of the most important application of relative motion. Let’s try to derive the direct  
formula to be used in such cases. The terms to be used are as follows : 

rv = Absolute velocity of river

brv = Velocity of boatman w.r.t river or velocity of boatman in still water.

bv = Velocity of boatman 

Hence,     r br bv v v  

Let us take the case from the figure and keeping all other factors as ideal, we get :

by br

d d
t

v v
 

x-axis when he reaches the other bank :

   by r br
br

d
x v t v v

v

Specific Case : 
1. Condition when boatman crossed the river in shortest time : 
When  = 0, the boat moves in the perpendicular direction to the main current.

 Relative Velocity of Rain : 

Let us assume a man walking west with velocity mv , represented by . Let the rain falling with vertical ve-
locity rv represented by . Relative velocity rmv  can be found by bringing the man at rest or by imposing the 

negative velocity – mv on the man as well as rain. Now the relative velocity of rain w.r.t. man will be rv OB  
and mv OC  which will be represented by OD  of rectangle OBDC.

vbr
v
vr

db

Uniform Circular Motion 
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Hence, 
rm r m r m r mv v v v v v v  

Fig,

If  is the angle that rmv  makes with the vertical, then

m m

r r

v v
v v

Note : In order to protect himself from the rain, man should hold the umbrella in 

the direction making an angle   m

r

v
v

 towards the west of vertical.

II. Important Formulae :

1. Time of Flight of Projectile  
v

t
g

2. Time taken to reach maximum height in Projectile Motion : ayv v
t

g g

3. Range of a Projectile : v
g

4. Equation of a Trajectory : 
gx

y u x
u

5. Value of d for Inclined Projectile :
v

d
g

6. Centripetal Acceleration : ca r

7. Drift in River Boat : by r br
br

d
x v t v v

v

8. Angle in Rain-Man Problem : m

r

v
v
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Chapter Objectives
 Concept of force, Inertia, Newton’s first law of motion; Newton’s second law of motion, Newton’s third law of  motion, 

Momentum, Impulse.
 Law of conservation of linear momentum and its applications. 
 Equilibrium of concurrent forces, Static, kinetic and limiting frictions, Laws of limiting friction, Rolling friction, Method of 

changing friction. 
 Dynamics of uniform circular motion : Centripetal force, examples of circular motion, Pseudo Force.

Concepts Clarified :
 Concept of Force

Superposition of Forces :

r

Lami’s Theorem

 Inertia

Basic Forces
 A. Weight : 

B. Contact Force : 

1.  Normal Force (N) : 

r
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2.  Frictional Force (f) :

f

f

C. Tension : 

D. Spring Force : 
kx x

k
Newton’s Laws of Motion
A. Newton’s First Law of Motion : 

B. Newton’s Second Law of Motion

p mv

 Unit Force :

dp dmv dv dm
m v

dt dt dt dt

dm
dt

p pdv
m ma

dt t

I. v

II.

III.

C. Newton’s Third Law of Motion : 

Momentum

m v
p mv
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Impulse

Example :

2 1I Fav t p p

Law of Conservation of Linear Momentum :

Ap Bp t

AP BP

ABF BAF

AB A BF Changein linear momentumof At p p
BA B AF Changein linear momentum of Bt p p

AB BAF F

A B B Ap p p p

Application of Conservation of Momentum
Apparent Weight of a body in a lift : 
A.  i.e., a

mg mg
B. a

mg ma app 0R ( ) W W 11 a a
m g a mg

g g

C.  a 

mg – ma m g – a mg 1
a
g

a g
D. a g

m g g
mg

Equilibrium of Concurrent Forces 

Friction
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