


1 - 8Physics - Light-Reflection and Refraction

1 - 10Chemistry - Chemical Reactions and Equations

1 - 16Biology - Life Processes

1 - 6Mathematics - Real Numbers

1 - 6Mathematics - Polynomials

1 - 6Mathematics - Pair of Linear Equations in Two Variables

1 - 4Mathematics - Quadratic Equations





Spherical Mirror

Concave Mirror Convex Mirror

Nature of image
♦ Virtual and Erect

Its reflecting surface 
is curved inwards.

Its reflecting surface 
is curved outwards.

Plane Mirror

Nature of image
♦ Virtual and Erect
♦ Real and Inverted

Nature of image
♦ Virtual and Erect

The image formed by 
a plane mirror is of 
same size, laterally 
inverted and is at 
the same distance 
behind the mirror as 
the object is in front 
of it.

Mirrors

Position of 
the object

Position of 
the image

Size of the 
image

Nature of 
the image

At infinity At the focus
F

Real and
inverted

Beyond C DiminishedBetween F
and C

Real and
inverted

Highly 
diminished 
or 
point-sized

At C Same sizeAt C Real and
inverted

Between C
and F

EnlargedBeyond C Real and
inverted

At F Highly
enlarged

At infinity Real and
inverted

Between P
and F

EnlargedBehind the
mirror

Virtual and
erect

Position of 
the object

Position of 
the image

Size of 
the image

Nature of 
the image

At infinity At the 
focus F, 
behind the 
mirror

Virtual 
and erect

Highly 
diminished  
or 
point-sized

Between 
infinity 
and the 
pole P of 
the mirror

Between P 
and F, 
behind the 
mirror

Virtual 
and erect

Diminished

M
irr

or

x

h

x

h
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Uses of Mirror

Relative Refractive Index

n21 =
v1

v2

n12 =
v2

v1

It is a unit less quantity.

Conditions for No Bending

Absolute Refractive Index

If first medium is air or vacuum.

λa → Wavelength of light in air.

λ → Wavelength of light in medium.

n = =c
v

λa

λ

Incident light falls normally on boundary 
passes undeviated.

Medium 1

Medium 2

n1

n2

Refractive indices of two media are equal, 
light ray passes undeviated.

Medium 1

Medium 2

n1 = n

n2 = n

i

r

∠i = ∠r = 0° ∠i = ∠r

Mirror formula : 1
v + 1

u = 1
f

Magnification (m) =
hi

ho

= – =v
u

f – v
f =

f
f – u

Plane mirror Concave mirrorConvex mirror
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Convex Lens Concave Lens

Lenses

Its spherical surfaces 
are bulging outwards.

Nature of image
♦ Virtual and Erect
♦ Real and Inverted

Its spherical surfaces 
are curved inwards.

Nature of image
♦ Virtual and Erect

Power of a Lens : It is the ability of a lens 
to converge or diverge the rays of light. It 
depends on focal length.

Power of lens (P) = 1
f

Its SI unit is Dioptre (D)

Power and Focal Length of Combination 
of Lenses

P = P1 + P2 + P3 + ........

=1
f

+
1
f1

+1
f2

+ .........1
f3

Position of 
the object

Position of 
the image

Size of the 
image

Nature of 
the image

At infinity At focus F2 Real and
inverted

Beyond 2F1 DiminishedBetween F2
and 2F2

Real and
inverted

Highly 
diminished, 
or 
point-sized

At 2F1 Same sizeAt 2F2 Real and
inverted

Between F1
and 2F1

EnlargedBeyond 2F2 Real and
inverted

At focus F1 Infinitely
large or
highly
enlarged

At infinity Real and
inverted

Between
focus F1
and optical
centre O

EnlargedOn the
same side
of lens as
object

Virtual and
erect

Position of 
the object

Position of 
the image

Size of 
the image

Nature of 
the image

At infinity At focus F1 Virtual 
and erect

Highly 
diminished  
or 
point-sized

Between 
infinity 
and 
optical 
centre O

Between 
focus F1 
and 
optical 
centre O

Virtual 
and erect

Diminished

Lens formula : 1
v – 1

u = 1
f

Magnification (m) =
hi

ho

= =v
u

f – v
f =

f
f + u
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Level - 2

Reflection at Plane Surface

Net deviation δ = δ1 + δ2

= 360° – 2θ

δ = 360° – 2 × 90°

δ = 180°

β

M1

M2

α
α

θ
β

δ2

δ1

(90° – θ)
(90° – θ)

θ θ

Reflected ray makes angle 2θ with 
original reflected ray.

Angle of deviation,  δ = 180° – 2i
δmax. = 180°  (∠i = 0°)

i r

δ

(Before rotation) (After rotation)

θ

θ

θ
2θ

Rest
vIM = u
vIO = 2u

u
O

u
I

vIO = 2u

Rest

O I
2u

u

Speed of Image in a Plane Mirror
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Symbolic form of a chemical 

reaction is known as 

“Chemical Equation”.

of a chemical equation should 

be done in order to follow “The 

law of conservation of mass”.

Balancing 

TYPES OF CHEMICAL REACTIONS

Combination Reaction

The reaction in which a single product is formed from two or more reactants is known 

as 'Combination Reaction'.

CaO(s)  +  H2O(I)  →  Ca(OH)2(aq)
(Quick lime) (Slaked lime)

Decomposition
Reaction

Combination
Reaction

Displacement
Reaction

Redox
Reaction

Double Displacement
Reaction

Electrolytic
Decomposition Reaction

Thermal
Decomposition Reaction

Photolytic
Decomposition Reaction

1

CHEMICAL REACTIONS AND EQUATIONS
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Rates of Chemical Reaction

Decrease in conc. of reactants Increase in conc. of productsRate
Time taken Time taken

= =

nA    +    mB pC    +    qDFor

Rate law or Rate equation
k → Rate Constant

a → Order w.r.t. A

b → Order w.r.t. B

n = a + b = overall order

Ora bdx [A] [B]
dt

∝ a bdx k[A] [B]
dt

=

Factors
Affecting

Rate of
Reaction

Temper-
ature

Rate of reaction 
increases with 
temperature

Activation
Energy

Lower activation 
energy higher rate 

of reaction
Catalyst

Alters the rate of 
reaction without itself 
changing chemically

Physical
State

Powdered form 
shows higher rate 

than solid form due 
to high surface area

Concent-
ration

Generally higher 
concentration of 

reactant increases rate 
of reaction

Light
Generally light 
increases rate

of reaction

dx 1 [A] 1 [B] 1 [C] 1 [D]Rate
dt n t m t p t q t

∆ ∆ ∆ ∆
= = − = − = =

∆ ∆ ∆ ∆
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Nutrition in Plants

Photosynthesis

Mechanism

Process by which green plants prepare their food using sunlight and chlorophyll.

Absorption of light energy by chlorophyll

Conversion of light energy to chemical energy

Splitting of water molecules into hydrogen and oxygen

Reduction of carbon dioxide into carbohydrates (glucose)

6CO2 + 12H2O C6H12O6 + 6O2 + 6H2O
Chlorophyll

Sunlight
(glucose)

Guard cell

Midrib
Lamina or
leaf blade

Vascular bundle
(Xylem & Phloem) 

Chloroplast

Air spaces

Lower
epidermis

Upper
epidermis

Waxy
cuticle

Vein

Stomatal Pore

Guard cells

Chloroplast

Swelling of 
guard cells 

causes
opening of 

stomatal pore

Shrinkage of 
guard cells 

causes closing 
of stomatal 

pore

STOMATA

Cross-section of Leaf
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Heart is a muscular 
pumping organ, roughly 

the size of the fist

Valves in heart prevents 
the backward flow of 

blood

Heart contains two upper smaller 
chambers (atria) and two larger 

lower chambers (ventricles)

Left side of the heart (left 
atrium) receives oxygenated 
blood from lungs through 

pulmonary vein

Right side of the heart 
(right atrium) receives 

deoxygenated blood from 
body tissues

There is no mixing of oxygenated
and deoxygenated blood as all 

the chambers are well separated
through muscular wall

Aorta

Vena cava from
upper body

Vena cava from
lower body

Right atrium

Right ventricle

Septum
(dividing wall)

Pulmonary arteries

Pulmonary veins

Left atrium

Left ventricle

Transportation in Human Beings

Right
atrium

Deoxygenated
Blood

Vena cavae
Body parts except lungs

Systemic Circulation

Pulmonary Circulation

De
ox

yg
en

at
ed

Bl
oo

d

Left
ventricle

O
xy

ge
na

te
d

Bl
oo

d

Oxygenated
Blood

Aorta

Right
ventricle

Pulmonary
artery

Deoxygenated 
Blood

Lungs
(Oxygenation)

Left
atrium

Pulmonary
vein

Oxygenated
Blood

Double Circulation in Humans
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Location: Right side of abdomen

Secretion: Bile juice with bile pigments & 
bile salts

Function: Digestion of fat, storage of 
Vitamin A, D, E, K and B12

Largest gland in the human body that 
contains Kupffer cells (phagocytic cells).

Location: Limbs of duodenum

Secretion: Pancreatic juice

Function: Digestion of proteins, fats and 
carbohydrates

Heterocrine gland with both exocrine 
and endocrine part.

Liver Pancreas

Liver

Pancreas
Gall bladder

Duodenum

Respiratory Organs in Different Animals

Examples

Amoeba, sponges
Insects (cockroach)
Frogs, earthworms
Fishes
Terrestrial animals
Scorpions, spiders

Body surface
Trachea
Skin
Gills
Lungs
Book lung

Respiratory Organs

VS
Breathing Respiration

Involves inspiration (O2) and expiration 
(CO2).

Energy is not released.

It is a physical process.

It is an extracellular process.

Involves oxidation of food to release 
energy, CO2 and H2O.

Energy is released in the form of ATP.

It is a biochemical process.

It is both extracellular and intracellular 
process.

Breathing Respiration
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Distal Convoluted Tubule

Reabsorbs Na+, water & HCO3– 

and secretes H+, NH3 & K+ ions 

to maintain pH & sodium-

potassium balance in blood.

Proximal Convoluted Tubule

Reabsorbs nutrients, 70-80% 

electrolytes & water and 

secretes H+, NH3 & K+ ions to 

maintain pH and ionic balance.

Function of
Renal Tubules

Glycogen is 
reserve food 
material in 
animals.

Cuscuta
(amarbel), ticks, 

tape worms have 
parasitic mode

of nutrition.

All
reptiles have

three chambered
heart except 

crocodile.

Sphygmoma-
nometer is used 

to measure blood 
pressure Amoeba

obtains its food
by producing 
pseudopodia.

Normal
systolic & diastolic 
pressures are 120 

& 80 mm Hg
respectively

Points to RememberPoints to Remember

Glomerulus

Filters small solutes from the blood

Collecting Duct

Reabsorbs water to produce 

concentrated urine and secretes 

H+ & K+ ions to maintain pH & 

ionic balance.

Ascending limb of loop of Henle

Impermeable to water but 

permeable to electrolytes. This 

dilutes the filtrate as it moves up.

Descending limb of loop of Henle

Permeable to water but imperme-

able to electrolytes. This concen-

trates the filtrate as it moves down.
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REAL NUMBERS

A number that can be represented by a unique point on a

number line is a Real Number.

The collection of all rational and irrational numbersare called Real Number.

Real Number
( 

Rational number
Natural Number

(1, 2, 3,.....)

+Ve integers
(1, 2, 3,...)

–Ve integers
(...., –3, –2, –1)

Whole Number
(0, 1, 2, 3,.....)

Integers
(..., –1, 0, 1, ...)

where p, q are any integers)

p
q

not of the form
p
q

, q ≠ 0 form, 

Irrational number

where p, q are any integers)

, q ≠ 0 , 

Non-negative
integer number
(0, 1, 2, 3, ....)

Non-positive 
integer number

(..., –3, –2, –1, 0)

Or

Zero is neither positive nor negative number, it is a neutral number.

0–1–2–3–4

–3.5

–5 1 2 3 4 5
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FUNDAMENTAL THEOREM OF ARITHMETIC

Every composite number can be expressed as a product of primes, and this expression is 

unique, apart from the order in which they appear.



2

APPLICATIONS OF FUNDAMENTAL THEOREM OF ARITHMETIC

HCF (a, b)

LCM (a, b)

For any two positive integers a & b, HCF (a,  b)  ×  LCM (a,  b) = a  ×  b

Let p be a prime number and a be a positive integer. If p divides a2, then p divides a also.
T H E O R E M

To find HCF and LCM of two or more positive integers

To determine the nature of the decimal expansion of rational numbers

To prove irrationality of numbers

Note: a × b × c ≠ HCF (a, b, c) × LCM (a, b, c); a, b, c ∈ I+

The product 
and quotient of a 

non-zero rational 
and an irrational 

number is 

irrational.

The sum or 
difference of a 
rational and an 

irrational number 
is irrational.

The sum or 
difference of two 

irrational numbers 
may or may not be 

irrational

FOR PROVING IRRATIONALITY OF NUMBERS, REMEMBER:–

HCF AND LCM OF TWO NUMBERS

Product of greatest powers of each prime factors involved in the numbers.

Product of smallest powers of each common prime factors.

The product 
of 2 irrational 

numbers may 
or may not 

be irrational
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QUADRATIC EQUATIONS

1

A quadratic equation in the variable x is an equation of the form 

ax2 + bx + c = 0,      a, b, c ∈ R   &   a ≠ 0

This is also called “Standard form of quadratic equation.”

A polynomial of degree 2 is known as a quadratic polynomial. 

Standard form of quadratic polynomial is p(x) = ax2 + bx + c, a, b, c ∈ R, a ≠ 0

A real number ‘α’ is called a root of the quadratic equation

            ax2 + bx + c = 0,  a ≠ 0    if     aα2 + bα + c = 0

Roots of Quadratic Equation

–b  ±   D

2a
x = , D = b2 – 4ac

Roots of Q.E. ax2 + bx + c = 0, a ≠ 0, is given by

It is also called “Sridharacharya” formula.

Method for solving
Quadratic Equation

By factorisation method

By direct formula method i.e. x = 
–b  ±   b2 – 4ac

2a

a

b

Nature
of Roots

Let ax2 + bx + c = 0, a ≠ 0 then its root is

given by

if D = 0  ⇒  roots are real and equal

–b  ±  D
2ax = ,  D = b2 – 4ac

a

if D > 0  ⇒  roots are real and distinctb

if D < 0  ⇒  roots are imaginaryc
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06

07

If the sum of the coefficients of ax2 + bx + c = 0 is zero (i.e. if a + b + c = 0), then the 

roots of the equation are 1 and         

If one root of ax2 + bx + c = 0 is reciprocal of the other, then the coefficient of 

x2 = constant term. i.e.  c = a

c
a

c
a

Similarly, if a – b + c = 0, then the roots of ax2 + bx + c = 0 are –1 and

A quadratic equation, whose roots are α and β can be written as K (x – α) (x – β) = 0, K ≠ 0

08
If a quadratic equation ax2 + bx + c = 0 has more than two roots, then it is an identity 

i.e. it is true for all values of x and a = b = c = 0

Extraneous Root: A value obtained for an unknown in the solution of an equation which is 

not a root of the equation.

Solutions of Some Important Inequalities

04
If roots of the given quadratic equation ax2 + bx + c = 0 are equal in magnitude but 

opposite in signs, then coefficient of x = 0 i.e.  b = 0

x2 – a2 > 0  ⇒  x < –a or x > a02 03
x2 – a2 < 0  ⇒   – a < x < a04 05
x2 + a2 ≥ 0  ⇒   x ∈ R06 07

08

ax – b > 0  ⇒  x >         if a > 0 and x <        if a < 0
b
a

b
a01

09

10

x2 – a2 ≥ 0  ⇒   x ≤ – a or x ≥ a

x2 – a2 ≤ 0  ⇒   – a ≤ x ≤ a

(x – a)(x – b) > 0, a < b  ⇒   x < a or x > b

(x – a)(x – b) ≥ 0, a < b  ⇒   x ≤ a or x ≥ b

(x – a)(x – b) < 0, a < b  ⇒   a < x < b

(x – a)(x – b) ≤ 0, a < b  ⇒   a ≤ x ≤ b






