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Syllabus

Source of Energy : Conventional and new sources of Energy, source of solar energy, causes of origin of

energy in the Sun, solar heating devices, solar cooker, solar cell, wind energy, biogas, fossil fuels, ideal fuel,
properties of ideal fuel. Nuclear energy, nuclear Fission, Fusion, chain reaction, nuclear reactor, uses and

harms of nuclear energy. General information about M.P. energy development corporation (MPUVN).

Light : Nature of light reflection of light, laws of reflection, reflection from plane and curved surface, image
formation by plane convex and concave mirror, relation between focal length and radius of curvature,
determination of focal length of concave mirror by single pin method. Relation between u-v-f [numerical

examples].

Refraction of light : Laws of refraction, refraction by glass slab, critical angle, total internal reflection, use of
total internal reflection in daily life. lens [converging and diverging lens]. Definition focal length optical
centre image formation by lens Human eye. its defects and remedies. Comparison between photographic
camera and human eye. Simple telescope and astronomical telescope- Construction, working, uses, ray

diagram [no formula derivation].

Electricity and its effects : Electric intensity, potential, potential difference, electric curenl Ohm's law.

Resistance specific resistance, influencing factors, combination of resistance and related numerical examples
thermal effect of current it's use, calculation of power and electrical energy spent, (numerical) precautions
observed in electric experiments. Chemical effects of electric current. Primary and secondary cells their

properties and drawback. Leclanche cell, dry cell, lead accumulator cell, construction.

Magnetic effect of current : Oersted experiment, electromagnetic induction, electric motor, working

principle and use of generator, general studies of alternating current and direct current, electric discharge in

gases, discharge tube, cathode rays. X-rays and their properties.

Magnetism : Magnet and it's types artificial magnet, methods of preparing magnets, molecular theory of
magnetism, demagnetization, magnetic keepers, magnetic lines of force and their properties. Plotting the
lines of force Terrestriel magnetism, magnetic storm, magnetic meridian geographical meridian, relation
between VH1 and @
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What is light ?

Light is a form of energy which produces the sensation of vision when it enters our eyes and falls on the retina.

light is understood as :

An electromagnetic wave that can travel in vacuum.

A form of energy that can be absorbed, reflected, refracted, or converted into other forms.

We Usually Study Light in Two Ways :

1.

Ray Optics (Geometrical Optics) : Treats light as a ray travelling in straight lines. Used to study reflection,
refraction, mirrors, lenses, and optical instruments.
Wave / Quantum Nature : Used to explain phenomena like interference, diffraction, photoelectric effect,

etc.
Visible Light and Electromagnetic Spectrum

Light that can be seen by the human eye is called visible light.
e The wavelength range of visible light in air is approximately 4000 A to 8000 A or 4x107m to 8x107m
e This visible region is a small part of the electromagnetic spectrum, which also includes radio waves,

microwaves, infrared, ultraviolet, X-rays and gamma rays.

The energy of visible light photons is of the order of a few electron-volts (eV), which is suitable for producing

visual sensation.
Speed of Light

e The speed of light in vacuum is denoted by c.

e lItsvalue is approximately: c= 3x108 m s™*

e Lightis an electromagnetic wave, and its speed in vacuum is the same for all observers in inertial
frames (a fundamental postulate of special relativity).

e In any medium (like glass, water, air):

e The speed of light is less than c.

e If visthe speed of light in the medium and n is the refractive index of the medium, then: n/u = 5 or

c
v=-
n

PROPERTIES OF VISIBLE LIGHT

e No material medium is required for the propagation of light energy, i.e., it travels even in vacuum.
e ltsvelocity is constant in all inertial frames i.e. it is an absolute constant. It is independent of the relative

velocity between the source and the observer.
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e |t propagates in straight line.

e |t exhibits the phenomena of reflection, refraction, interference, diffraction, polarisation and double
refraction.

e |t can emit electrons from metal surface i.e., it can produce photoelectric effect.

e |t produces thermal effect and exerts pressure when incident upon a surface. It proves that light has
momentum and energy.

e [tsvelocity is different in different media. In rarer medium it is more and in denser medium it is less.

e Light energy propagates via two processes.
(a) The particles of the medium carry energy from one point of the medium to another.
(b) The particles transmit energy to the neighbouring particles and in this way energy propagates in

the form of a disturbance.

DIFFERENT THEORIES OF LIGHT

Huygen's wave De-Broglie's dual Newton's corpuscular Plank's Quantum Maxwell's
theory of light theory of light- theory of light theory of light electromagpenc
Broglie's theory of light

Ray Optics

Optics is the branch of physics that deals with the behaviour and properties of light and its interaction with

matter. Ray optics or geometrical optics is the part of optics in which:

Light is considered to travel in straight lines called rays.

We use simple geometric constructions (ray diagrams) to study image formation by mirrors, lenses and
optical instruments. This approach is valid when the wavelength of light is very small compared to the size
of obstacles and apertures involved. (This condition is satisfied for most everyday situations with lenses,

mirrors, telescopes, etc.)

Ray of light : A ray is an idealized line showing the direction of propagation of light. It has no thickness.
Beam of light : A beam is a bundle or collection of rays. Beams can be:

o Parallel beam : rays are parallel.

o Converging beam : rays approach and meet at a point.

o Diverging beam : rays spread out from a point.
Pencil of light : A very narrow beam of light is often called a pencil of light.
Types of Optical Media

Depending on how light passes through, materials are classified as:

1. Transparent medium
o Most of the light incident on the medium can pass through it.
o Objects can be seen clearly through it.
o Examples: clear glass, pure water, air.

2. Translucent medium

o Allows light to pass through but not clearly.

2 © Hornbill classes & +91 78802-71423 =) Hornbillclasses@gmail.com
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o Objects cannot be seen distinctly; light is scattered inside the medium.
o Examples : frosted glass, oiled paper, thin plastic sheets.
o Intensity of transmitted light reduces rapidly.
3. Opaque medium
o Does not allow light to pass through.
o Lightis either absorbed or reflected.

o Examples : wood, metals, thick cardboard.
» Rectilinear Propagation of Light

In a homogeneous, transparent medium, light travels in a straight line. This is called the rectilinear
propagation of light.

Applications :

e Sharp shadows of opaque objects.

e Pinhole camera : Image formation is based on straight line travel of light.

e Eclipses (solar and lunar) : Explained using straight line propagation.
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Sharp shadows Pinhole
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Reflection of Light

When a ray of light travelling in one medium strikes the boundary between two media, a part (or all) of it may be

sent back into the first medium. This sending back of light into the same medium is called reflection of light.

Example : Light from a bulb falling on a mirror and coming back into the same room.

There are two types of reflection :

1. Regular (Specular) reflection : it occurs when light falls on a smooth, polished surface such as a plane

mirror, calm water, or polished metal, and the reflected rays are parallel to each other, due to which a clear

and well-defined image is formed.

2. Diffused reflection : it occurs when light falls on a rough or uneven surface such as a wall, paper, or rough
metal. In this case, parallel incident rays are reflected in many different directions instead of one fixed
direction. Because of this, no clear image is formed on the surface, but the object itself is still visible from

many directions. This process of diffuse reflection enables us to see most of the objects around us in our

daily life.
Incident Reflected Incident Reffused
rays rays rays rays
Regular (Specular) reflection Diffused reflection

» Laws of Reflection

When a ray of light is reflected from a surface, it obeys the following laws of reflection :

e The incident ray, the reflected ray, and the normal to the reflecting surface at the point of incidence all

lie in the same plane.

e The angle of reflection is equal to the angle of incidence. £ i = Zr where i= angle of incidence, r=

angle of reflection.
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XX Types of Mirror
There are three types of mirrors. According to the shape of the reflecting surface, mirrors are mainly of two types:

plane mirrors and spherical mirrors. A plane mirror has a flat reflecting surface whereas a spherical mirror

has a reflecting surface that forms part of a sphere.

Note :
e On reflection, the frequency, wavelength in a given medium and speed of light in that medium do

not change. Only the direction changes.
e Eyeis mostly sensitive for yellow colour and least sensitive for violet and red colour. Due to this reason:
o Commercial vehicles are painted with yellow colour.

o Sodium lamps (Yellow colour) are used in road lights

Types of mirror
\

l

1. Plan mirror Spherical mirror

v

v
2. Concave mirror 3. Convex mirror

» Plan mirror : A plane mirror is a mirror with a flat, smooth reflecting surface. Examples: bathroom mirror,

dressing table mirror, many decorative mirrors.

¢ Image Formation by a Plane Mirror : Consider an object placed in front of a plane mirror:
o Theimage is formed behind the mirror.
o Theimage is formed at the same distance behind the mirror as the object is in front of it. If
u= distance of object from mirror (in front) and v= distance of image from mirror (behind) then for
a plane mirror :
e Characteristics of the image in a plane mirror : The image formed by a plane mirror is:
1. Virtual : cannot be obtained on a screen (rays only appear to come from behind the mirror).
2. Erect : upright, same orientation as the object.
3. Same size as the object : no magnification or reduction.
4. Laterally inverted : left and right are interchanged.
5

Located at the same distance behind the mirror as the object is in front.
» Lateral Inversion

The interchange of left and right in the image is called lateral inversion. Example: In a mirror, your right hand

appears as left and left as right. Letters and writing appear reversed from left to right
> Minimum Size of a Plane Mirror to See Full Image
To see your full image in a plane mirror : q E S ; P

e The minimum length of the mirror required is half the height of the
person. If
e  H= height of the person,

e Lin=minimum length of mirror,

© Hornbill Classes @ +91 72239-70423 @ Hornbillclasses.com



XY REFRACTION

When a ray of light passes obliquely from one transparent medium to another (for example, from air to water),
its direction generally changes at the surface separating the two media.
This change in the direction of propagation of light when it passes from one transparent medium to another

is called refraction of light.
» Examples: ) Normal

e A stick partially immersed in water appears bent at the jncident ray Reflected ray

surface.

e The bottom of a swimming pool appears shallower than it

actually is. Reflecting

e Acoin at the bottom of a glass of water appears raised. > cuthice

: @ i

» Laws of Refraction (Snell’s Laws) B

Refracted ray
The refraction of light obeys the following laws of refraction :

1. First Law : The incident ray, the refracted ray, and the normal to the interface (surface) at the point
of incidence all lie in the same plane.
2. Second Law (Snell’s Law) : For a given pair of media at a given wavelength of light, the ratio of the sine
of the angle of incidence to the sine of the angle of refraction is a constant.
Mathematically,
sini
sinr = Hz1
Where
i= angle of incidence (in medium 1), r= angle of refraction (in medium 2) and p,,= refractive index of

medium 2 with respect to medium 1.
» Refractive Index

The refractive index of one medium with respect to another is defined as:
sini
Hz21 = sinr
It is a measure of how much the speed and direction of light change on entering the second medium.

e Absolute Refractive Index

The absolute refractive index of a medium is the refractive index of that medium with respect to

vacuum (or air). If



CHAPTER 4

OpPTICAL INSTRUMENTS

Human eye

The human eye is a natural optical instrument that enables us to see objects around us. It works on the principle
of refraction of light by a lens system and image formation on a light-sensitive screen. It enables us to see
the wonderful world and the colours around us. The human eye is like a camera. Its lens system forms an image
on a light-sensitive screen called the retina. Light enters the eye through a thin membrane called the cornea. It

forms the transparent bulge on the front surface of the eyeball.

Ciliary muscles

> Main pa'r‘ts Crystalline lens

Aqueous
humour ~__ ¢

e Cornea : The transparent, curved front surface of the eye. First ,,1,,),.,41;'

Iris (

refracting surface; does most of the focusing of incoming light. R 4

-Retina

Optic

Cornea

e Aqueous humour : A transparent fluid between cornea and "

eye lens. Helps maintain the shape of the front part of the eye Vitreous humour
and provides nourishment.
e Iris : The coloured part of the eye (brown, blue, etc.). Controls the size of the pupil and thus regulates

the amount of light entering the eye.

Sclera

e Pupil : The small opening in the centre of the iris. Acts like Cilliary Muscles

a variable aperture, controlling the amount of light Eve Lens

Retina

. Yellow Spot
entering the eye. Cornea owere

H A h Blind Spot
e Eye lens : A transparent, flexible, convex lens made of ueous humour
.. . . Optic Nerves
living tissue. Its curvature can be changed by ciliary Vitreous Humour

muscles to adjust focal length.

e Ciliary muscles : Muscles attached to the eye lens. Change the shape (curvature) of the lens to focus
objects at different distances.Responsible for accommodation of the eye.

e Vitreous humour : A jelly-like transparent fluid between lens and retina. Helps maintain the spherical
shape of the eyeball.

e Retina : The light-sensitive screen at the back of the eye. Contains rods and cones (light-sensitive cells).
o Rods: sensitive to low light (brightness).

o Cones: sensitive to colour.

e Yellow spot : It is the most sensitive part, the image formed at yellow spot is brightest.

e Blind spot : Optic nerves goes to brain through blind spot. It is not sensitive for light.

e Power of accommodation : The ability of eye to see near objects as well as far objects is called power
of accomodation. When we look distant objects, the eye is relaxed and it's focal length is largest.

e Range of vision : For healthy eye it is 25 cm (near point) to o (far point). A normal eye can see the
objects clearly, only if they are at a distance greater than 25 cm. This distance is called Least distance of

distinct vision and is represented by D.
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e Persistence of vision : Is 1/10 sec. i.e. if time interval between two consecutive light pulses is lesser
than 0.1 sec., eye cannot distinguish them separately.
e Binocular vision : The seeing with two eyes is called binocular vision.

e Resolving limit : The minimum angular displacement between two objects, so that they are just

, 1)
resolved is called resolving limit. For eye itis 1 = [5j .

» Power of Accommodation

The eye lens is made of a soft, jelly-like, fibrous material. Its shape can change because of the ciliary muscles.

When the lens changes shape, its focal length also changes. This helps us see objects at different distances.

e When the ciliary muscles are relaxed,

o thelens becomes thin

o its focal length increases

o we can see distant objects clearly
e When the ciliary muscles contract,

o thelens becomes thicker

o its curvature increases

o its focal length decreases

o we can see nearby objects clearly
This ability of the lens to adjust its focal length is called accommodation.

e However, the lens cannot reduce its focal length beyond a certain minimum. If you try to see something
too close, the image becomes blurred and your eyes feel strained. For comfortable and clear vision, an
object should be held at about 25 cm from the eyes. This distance is called the least distance of distinct
vision or the near point. For a young adult with normal vision, it is about 25 cm.

e The farthest distance up to which the eye can see clearly is called the far point, and for a normal eye, it
is at infinity. So, a normal eye can clearly see objects between 25 cm and infinity.

e Sometimes, in old age, the eye’s lens becomes cloudy or milky. This condition is known as a cataract. It

can cause partial or complete loss of vision. Cataract surgery can restore eyesight.
» DEFECTS OF VISION AND THEIR CORRECTION

Sometimes, the eye may gradually lose its power of accommodation. In such conditions, the person cannot
see the objects distinctly and comfortably. The vision becomes blurred due to the refractive defects of the
eye. There are mainly three common refractive defects of vision. These are

o Myopia or near : sightedness,

o Hypermetropia or far : sightedness, and

o Presbyopia : These defects can be corrected by the use of suitable spherical lenses. We discuss below

these defects and their correction.

e Mpyopia : Myopia is a common eye defect in which a person can see nearby objects clearly, but distant
objects appear blurry. In this condition, the far point of the eye becomes closer than infinity, meaning
the person can see clearly only up to a few metres. The image of distant objects forms in front of the retina

instead of directly on it.

Reasons for Myopia :

© Hornbill Classes @ +91 72239-70423 @ Hornbillclasses.com
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Electric Charge

Definition : Charge is the property associated with matter due to which it produces and experiences electrical
and magnetic effects.

Origin of electric charge : It is known that every atom is electrically neutral, containing as many electrons as
the number of protons in the nucleus.

Charged particles can be created by disturbing neutrality of an atom. Loss of electrons gives positive charge (as
then np> ne) and gain of electrons gives negative charge (as then ne > np) to a particle. When an object is negatively
charged it gains electrons and therefore its mass increases negligibly. Similarly, on charging a body with positive

electricity its mass decreases. Change in mass of object is equal to n x me. Where, n is the number of electrons

transferred and m,, is the mass of electron =9.1x10 ! Kg

Neutral

Positively charged Negatively charged

M'<M M >M

Type : There exists two types of charges in nature
e  Positive charge

e Negative charge
Charges with the same electrical sign repel each other, and charges with opposite electrical sign attract each other.

Unit and dimensional formula : Rate of flow of electric charge is called electric current i.e.,




