CBSE Class 12 Physics Notes Chapter 8: Chapter 8 of CBSE Class 12 Physics focuses on
Electromagnetic Waves, which are transverse waves composed of oscillating electric and
magnetic fields. These waves travel at the speed of light and are generated by accelerating
charges. The chapter explains how a changing electric field induces a magnetic field and vice
versa, as described by Maxwell’s equations.

The electromagnetic spectrum, including radio waves, microwaves, infrared, visible light,
ultraviolet, X-rays, and gamma rays, is discussed along with their practical applications in
communication, medical imaging, and other technologies.

CBSE Class 12 Physics Notes Chapter 8 Overview

Chapter 8 of CBSE Class 12 Physics covers Electromagnetic Waves, an essential topic that
bridges the concepts of electricity, magnetism, and light. Electromagnetic waves are oscillations
of electric and magnetic fields, which propagate through space at the speed of light. These
waves are transverse in nature, meaning the electric and magnetic fields oscillate perpendicular
to the direction of wave propagation and to each other.

The chapter explains how a changing electric field produces a magnetic field and vice versa,
leading to the generation of electromagnetic waves. Maxwell's equations are fundamental to
understanding this phenomenon, as they mathematically describe how electric and magnetic
fields interact and propagate.

Electromagnetic waves encompass a wide spectrum, including radio waves, microwaves,
infrared, visible light, ultraviolet, X-rays, and gamma rays, each differing in wavelength and
frequency. The chapter also explores the applications of these waves, ranging from
communication (radio, TV) to medical imaging (X-rays), and their interaction with matter.
Understanding the nature of electromagnetic waves is crucial for grasping the principles behind
many modern technologies.

CBSE Class 12 Physics Notes Chapter 8 Electromagnetic
Waves

Here we have provided CBSE Class 12 Physics Notes Chapter 8 Electromagnetic Waves -
Waves related to electricity and magnetism are known as electromagnetic (EM) waves.

In essence, these waves are coupled, time-varying magnetic and electric fields that travel
through space.



These waves would undoubtedly spread throughout space since they are connected to
electricity and magnetism.

Electromagnetic waves are produced when electric and magnetic fields combine and change
over time.

Maxwell's equations serve as the foundation for electromagnetic equations.

Maxwell came to the conclusion that these EM waves had a wide range of unique qualities that
can be used to a variety of real-world scenarios.

Time varying electric field + Time varying magnetic field = Electromagnetic waves.

A linearly polarised electromagnetic wave is shown in the above diagram to be travelling in the
z-direction with an oscillating magnetic field B in the y-direction and an oscillating electric field E
in the x-direction.

Maxwell’s Experiments
According to Maxwell, magnetic fields can be produced by time-varying electric fields.

However, according to the Faraday-Lenz rule, an electric field is produced by a time-varying
magnetic field.

The Faraday-Lenz law states that any time the magnetic flux associated with a circuit varies, an
EMF is induced in that circuit.

As a result, the circuit that has an electric field connected to it produces electric current.
Upon discovering this, Maxwell asserted that the opposite must also be true, meaning that a
time-varying electric field must also possess the ability to produce a magnetic field.

Ampere’s Circuital Law

v According to Ampere’s circuital law, the line integral of the magnetic field over the length element is

equal to pg times the total current passing through the surface. Mathematically, fdi' = ,uﬂl



Maxwell did discover several discrepancies in Ampere's circuital law, though.

As a result, it was discovered that Ampere's circuital law was accurate in certain situations but
not always.

For this conclusion, Maxwell studied a variety of scenarios. He attempted, for example, to
measure the magnetic field in a section of a capacitor at a certain place.

He calculated the value of B at point P, as indicated in the next figures, assuming that there was
some current | flowing through the circuit.

He took into consideration the three distinct loops depicted in the pictures below.

Ampere's circuit law ought to apply to each of these three configurations if it was accurate.

Case 1:
Maxwell considered a surface of radius r and the circumference of the surface, dl. According to
Ampere’s circuital law;
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Case 2:

Maxwell considered a surface, like a box with its lid open and applied the Ampere’s circuital law;



i(t)

f B.dl = pyl
Here, as there is no current flowing inside the capacitor, the current, | turned out to be zero.
=¥ f B.dl=0

Case 3:
Maxwell considered the surface between 2 plates of a capacitor as shown. In this case also
I = 0andhence, B = 0.

Maxwell's observations about the contradictions in the law were validated when he discovered
that the magnetic field values at the same spot had various Amperial surfaces.

Maxwell noted that the circuital law of the Ampere had certain holes in it. He fixed them,
ensuring that Ampere's circuit law held true in every situation.

Maxwell’s correction to Ampere’s law

According to Ampere's equation, if the electric field inside the loop is constant, the line integral
of the resultant magnetic field along a closed plane curve equals 0 times the total current
crossing the area defined by the closed curve.

This law only applied to currents that were stable.

After discovering the flaws in Ampere's law, Maxwell updated it to include time-varying electric
fields.

Maxwell considered that there must be some current flowing between the capacitor's plates in
order for Ampere's circuital equation to be accurate.

Electron flow was the cause of current outside the capacitor.



Between the capacitor's plates, there was no charge conduction.

Maxwell states that there should be an electric field between the capacitor's plates that is
directed from the positive to the negative plate.

* Magnitude of the electric field, E = (V /d)
Where,
V' = potential difference between the plates
d = distance between the plates
= E =(Q/Cd)
Where,
Q = charge on the plates of the capacitor,
C' = Capacitance of the capacitor

= E = (Q/ (Az¢d/d))
= E = Q/(Az)
Where,

A = area of the capacitor.

® Direction of the electric field would be perpendicular to the selected surface (the plate of the
capacitor).

® Now, as F = 0 outside the plates and E' = (Q/(Azp)) between the plates, there might be some
electric field between the plates because of which some current is present between the plates of
the capacitor.

® Electric flux through the surface = &g = (EA) = (QA) /(Aen) = (Q/ &)

® Assuming Q as charge on the capacitor and when it changes with time, current would get
generated for sure.

* Therefore, current Iy = (dQ/dt)
Where,
I; = displacement current

* Now, differentiating ®g = (Q/ £¢) with respect to time on both sides,
(dBg/dt) — (1/ <o) (dQ/dt)
Where,
(dQ/dt) = current
Therefore,
(dQ/dt) = eo(d g /dt)

Clearly, current gets generated because of the change of electric flux with time.

® [Electric flux arose because of the presence of electric field in the plates of the capacitor.
e I; = (dQ/dt) = displacement current
Therefore, change in the electric field gave rise to displacement current.



Instead of being zero, current would be Id.
Both the surface and the spaces between the capacitor's plates are experiencing some current.

There are times when just conduction current exists and no displacement current, and vice
versa.

Maxwell added displacement current to the Ampere's circuital law.

He explained that in addition to the current flowing through the capacitor's outside, there was
also a current flowing between its plates that was referred to as displacement current.

Furthermore, the shift in the electric field between the capacitor's plates is the cause of this
displacement current.

Conclusion:

Magnetic fields are produced both by conduction currents and by time varying fields.

E
M
Pe | &+
+ *-
A
. B o
i(t) : -
¥ L. o=
+ -—
‘o
+ -
L

M

(a)



Figure (a) represents the electric and magnetic fields E and B between the capacitor plates at
the point MM while figure (b) represents a cross-sectional view of figure (a).

Ampere-Maxwell Law

Maxwell's correction of Ampere's circuital law's flaws led to the law's subsequent renaming as
Ampere-Maxwell law.

Conduction current is the type of current that results from the movement of charges. Ic is used
to represent it.

Displacement current is the term for the current that results from an alteration in the electric
field. Id is used to represent it.

® Thus, total current is given by I = I. + I.

* Ampere-Maxwell law stated that

fﬂ:%m+&)

Displacement Current

Think about a capacitor and the conduction current (IC) that exists outside of its plates.



Allow a displacement current, Id, to exist in the space inside the capacitor—that is, between the
plates.

The displacement current has the same physical characteristics as the induction current.

The table below now shows the distinction between displacement current and conduction
current:

* For static electric fields, I; = 0 whereas for time varying electric fields, Iz # 0.

® There can be some scenarios where there would only be conduction current and in some other
cases where there would only be displacement current.

* However, outside the capacitor, there is only conduction current and no displacement current.
® Also, inside the capacitor there is only displacement current and no conduction current.

® But there can be some scenarios where both conduction as well as displacement current are
presentie, when I = I, + I

® Now, applying modified Ampere-Maxwell law to evaluate the magnetic field at the same point of the
capacitor considering various Amperial loops, the result would be the same in all the cases.

Displacement current
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Conduction current ‘

Ampere — Maxwell law: Consequences

® Case 1: Magnetic field is given by

dl = pol,

= f{ﬂ — Yigd o/ 27T

e Case 2: Magnetic field is given by
dl = pola

= frﬂ = pola/2nr

Conclusions:



In all scenarios, B has the same value.
There must be an equal total current.
Ampere-Maxwell law provides the magnetic field that is produced by a time-varying electric field.

Taking into account the initial phase, an electric field exists between the plates, and it changes
with time.

A magnetic field is created as a result of the displacement current that results from this.

The Faraday-Lenz law provides an electric field that is generated by a time-varying magnetic
field.

It is obvious that a changing electric field produces a changing magnetic field, and a changing
magnetic field produces an electric field.

This result serves as the foundation for electromagnetic waves.

Maxwell’s Equations

* Naxwell's equations describe how an electric field can generate a magnetic field and vice-versa.
These equations describe the relationship and behavior of electric and magnetic fields.

* Naxwell gave a set of four equations which are known as Maxwell’'s eguations. They are:

39E dA = Q/eg (Gauss’s Law for electricity)

2. f}gB. dA=20 (Gauss’s Law for magnetism)
3. §E.dl = jf“ (Faraday’s Law)

4. §B.d§ = pglc + pnsg% (Ampere-Maxwell Law)

® According to Maxwell equations;

a. A flow of electric current will generate a magnetic field and if the current varies with time,
magnetic field will also give rise to an electric field.

b. The first equation (1) describes the surface integral of an electric field.

c. The second equation (2} describes the surface integral of a magnetic field.

d. The third equation (3) describes the integral line of an electric field.

e. The fourth eguation (4} describes the line integral of the magnetic field.

o Naxwell was the first to conclude that the speed of propagation of EM waves is the same as the

speed of light. Experimentally, it was found that
1
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Cc =

Electromagnetic Waves



The linked, time-varying electric and magnetic fields that travel over space are referred to as
electromagnetic waves.

Time will cause the electric field to change, which will then cause the magnetic field to change.
This process then produces more electric field variations, and so on.

Electromagnetic waves are created when these time-varying electric and magnetic fields
combine and travel through space together.

The magnetic field is represented by the blue line in the above picture, while the electric field is
represented by the red line, which varies in the shape of a sine wave.

Similar to the electric field, the magnetic field is likewise a sine wave, but it is directed in the
opposite direction.

Electromagnetic fields are produced by these two fields.

The wave propagates in the z-axis when the magnetic field is along the y-axis and the electric
field is along the x-axis.

Both the electric and magnetic fields and the direction in which waves propagate are
perpendicular to one another.

Sources of Electromagnetic Waves (EM)

When electrically charged particles oscillate, they accelerate charges and produce
electromagnetic waves.

A oscillating magnetic field is produced by the electric field vibration connected to the
accelerating charge.

Electromagnetic waves are produced by these oscillating electric and magnetic fields.



The charge's accompanying electric field would likewise remain static while the charge is at rest.
Because the electric field does not change with time, there would be no production of
electromagnetic waves.

The acceleration is 0 when the charge moves at a constant speed. Again, no electromagnetic
waves would be produced as the electric field's change over time is likewise constant.

This demonstrates that EM waves can only be produced by accelerating charges.

Think about a charge particle that is oscillating, for instance. Its fluctuating magnetic field is
caused by its oscillating electric field.

An oscillating electric field is then produced by this oscillating magnetic field, and so on.
Wave propagation and electric and magnetic field regeneration are the same thing.
An electromagnetic wave is one of these waves that exhibits all of these characteristics.

It should be remembered that an electromagnetic wave's frequency is always the same as the
frequency of the oscillating particle that produces it.

Electromagnetic Spectrum

® Electromagnetic spectrum is the classification of EM waves with respect to their frequency or
wavelength.

® Different categories of EM waves in decreasing order of their wavelength are as follows:

a. Radio waves: > 0.1m

b. Microwaves: 0.1 m — 1lmm

c. Infra-Red: 1mm700 nm

d. Visible light: T00nm -- 400 nm
e. Ultraviolet: 400nm — 1nm

f. X-rays: 1nml10 3nm

g. Gamma rays: << 10 am

® These seven waves together constitute the electromagnetic spectrum.



Tip

e To remember the order of wavelength of each wave, we can just write the initial letier of all the
waves and they seem to be in decreasing order of wavelength.

e R(Maximum wavelength). M, I, V, U, X and G (Minimum wavelength).

® This can be remembered like this: Red Man In Violet Uniform X Gun.
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® The electromagnetic spectrum has common names for various parts of it. These various regions do
not have sharply defined boundaries.

Electromagnetic energy of each wave in Electromagnetic Spectrum

®* The electromagnetic energy of electromagnetic waves can be described by frequency, wavelength or
energy.

® Frequency - Both micro and radio waves are described in terms of frequencies.

* Frequency is the number of crests that pass a given point within one second.

* Consider a wave which has three crests which pass a point in one second. Therefore, its
frequency= 3H =z lts 5l unit is hertz (Hz).

* Wavelength - Infrared and visible waves are generally described in terms of wavelength.
* Wavelength is the distance between consecutive crests or troughs.

* Wavelength can vary from a small value to a large value. Its S.1. unit is meter({m).
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Energy - X-rays and Gamma rays are described in terms of energies.

* An EM wave can be described in terms of energy. i.e., in units of eV

eV is the amount of Kinetic energy needed to move one electron through a potential of one volt.

Moving along the EM spectrum: energy increases as the wavelength decreases.

* Relation between wavelength and frequency is given by.
c=vA
Where,
A = wavelength;
¥ = frequency;
= X=lefi)
= FE = hv = (he/))
= Foxv and E o (1/A)

® Thus, EM spectrum in terms of decreasing order of wavelength — R, M, I, V, U, X and G
® Also, the spectrum in terms of increasing order of frequency — G, X, U, V, I, M, and R

Radio Waves



® Radio waves are produced by the accelerated motion of charges in conducting wires.

® |mportant application of radio waves:

i. Radio and television communication systems.
ii. Mobile phones for voice communication.

® |n the electromagnetic spectrum, the wavelength ()\) of radio waves is > 0.1m.

® Radio waves are further classified into different bands as follows:

i. AM band (Amplitude Modulated) -530 kH z to 1710 kH z (lowest frequency band). They are
similar to FM channels.
ii. Short wave band - up to 54 M H z
iii. TV wave band - 54 M Hz to 890 M H =
iv. FM band (Frequency Modulated) - 88 M Hz to 108 M H =z
v. UHF band - Ultra high frequency (used for voice communication over cell phones)

Micro Waves

Short-wavelength radio waves are called microwaves.

Special vacuum tubes, known as klystrons, magnetrons, or Gunn diodes, are used to produce
them.

They are utilised in radar systems for aviation navigation and microwave ovens.

RADAR Technology
RADAR - Radio detection and ranging.
Different applications of RADAR:

To regulate air traffic: air traffic control. The pilot has to know whether or not there are any other
aircraft in the area. The weather at takeoff and landing should also be known to the pilot.

In order to navigate an aeroplane, radar is essential.

Speed detection: Radar technology is employed by the devices that measure the speed of
moving cars on public roadways.

For military use: It aids in the detection of adversaries and armaments.
Satellite tracking: Radar technology is used to track satellites.

Why do radio waves use microwaves?



because they employ microwave-like short wavelength waves.

To human eyes, they are invisible. It would be really annoying if we could see the waves that are
sent.

It is simple to find even the smallest microwave presence.
Working of Radar Set

It consists of:

Microwaves are sent by the transmitter.

Receiver: It picks up the echoes that come from hitting any kind of object with microwaves. It is
feasible to monitor the existence of additional objects nearby once the receiver picks up the
reflected beam.

Microwave ovens

Microwaves are very useful because:

They have smaller wavelengths.

They get absorbed by water, fats and sugar.

Working of microwave oven

Microwave ovens are used to evenly heat any kind of material.

Any dietary substance would contain lipids, sugars, and water.

Any meal that is heated in a microwave allows microwaves to enter the food itself.
Consequently, the fat and water molecules absorb the microwaves.

The food material's molecules would begin to move at random and occasionally.

This is equivalent to giving the food stuff a wave at the same frequency that causes the
molecules to begin vibrating.

This demonstrates that the microwave's frequency and the molecules' frequency coincide.

The temperature rises as a result of the molecules' random motion, evenly heating the food
stuff.

e Objects can be heated in two ways:
1. Conduction of heat: It happens when anything is heated over a gas burner.
2. Exciting the molecules: This technique is used in a microwave oven.



Infrared waves

Known as heat waves as they are produced by hot bodies.
Their wavelength is lesser than both radio and micro waves.
They readily get absorbed by water.

Applications: Infrared lamps/Infrared detector/LED in remote switches of electronic
devices/Greenhouse effect.

For example:

Both visible and infrared light waves are produced by fire. While we can see light beams, we are
unable to see infrared radiation.

Some infrared wavelengths are also produced by humans.
To view infrared waves, certain glasses are equipped with infrared detectors.
Sometimes restrooms and food items are heated with infrared lamps.

Both the TV and the remote have an LED that illuminates when the TV is turned on with the use
of a remote. Infrared waves are used to transmit the signal from the remote control to the TV.

The greenhouse effect is a phenomena that heats the atmosphere by allowing solar radiation to
enter the atmosphere but preventing heat from the Earth's surface from radiating back.

Think about how the sun radiates light, which is observable to the earth.

All of the earth's objects get heated when visible light enters the surface.

The energy from the sun is carried via visible light, which then affects every object on Earth.
Heat transfer causes all of the items to heat up.

Infrared radiation are emitted by these heated items.

The infrared radiation will be reradiated by the earth.

Visible or Light rays



e |ight waves are the most common form of EM wave.
e Their wavelength range is 4 x 10— T 5% 10
* \We are able to see everything because of light rays.
® The radiation which we get from the sun is in the form of visible light.

® N\lost of the insects have compound eyes due to which they see not only the visible light but also
the ultraviolet rays.

® Snakes can even see the infrared rays.

Ultraviolet rays (UV rays)

UV rays are emitted by certain lamps and extremely hot objects such as the sun.
Humans are negatively impacted by UV radiation.

In water purifiers, UV lamps are employed to eradicate bacteria.

For instance, exposure to UV radiation on human skin results in the synthesis of the pigment
melamine, which tans the skin.

Glasses are worn to defend against UV radiation because they absorb the rays.

UV radiation aids in laser-assisted ocular surgery. UV rays can be concentrated into a narrow
beam of light because of their extremely small wavelength.

We are shielded from dangerous UV radiation by the ozone layer, which exists outside of the
atmosphere.

Ozone has the ability to deflect UV radiation that is damaging. But the ozone layer is being
destroyed as a result of the usage of CFCs (chlorofluorocarbon). Thus, when the ozone layer
thins, UV radiation from the sun could potentially injure people.

X-Rays

High energy electrons are used to assault metal targets, producing X-rays in the process.
It is a crucial diagnostic instrument.

X-rays are smaller waves in wavelength than all other waves combined.

As a result, X-rays (low density material) can pass through the skin with ease. It is absorbed or
reflected by the high-density substance (bone, for example).

Skin seems lighter and bones appear darker in any X-ray.



Treatment for cancer also involves its use. Unwanted cell proliferation is a feature of cancer. It is
necessary to halt the aberrant cell growth in order to treat cancer. X-rays are capable of causing
harm to living tissue. It aids in the therapy of cancer in this way.

Gamma Rays
Nuclear processes generate gamma rays, which are also released by radioactive nuclei.

Because these rays have such short wavelengths, they are also used in the treatment of cancer.
It is obvious that they aid in stopping the creation of undesirable living cells, which proliferate
when a person has cancer.

Benefits of CBSE Class 12 Physics Notes Chapter 8

Studying Chapter 8 of CBSE Class 12 Physics on Electromagnetic Waves offers several
benefits:

Conceptual Clarity: It provides a clear understanding of how electric and magnetic fields
interact and propagate as waves, which is foundational for advanced studies in physics and
engineering.

Application Awareness: The chapter highlights the practical applications of electromagnetic
waves, such as in communication, medical imaging, and everyday technology, helping students
connect theoretical concepts to real-world uses.

Foundation for Competitive Exams: Mastery of this chapter is crucial for performing well in
competitive exams like JEE, NEET, and other entrance tests, where questions on
electromagnetic waves are common.

Critical Thinking: Understanding Maxwell's equations and the behavior of electromagnetic
waves enhances problem-solving skills and analytical thinking.

Interdisciplinary Relevance: Knowledge of electromagnetic waves is essential for fields like
electronics, telecommunications, and even medicine, making this chapter vital for students
interested in diverse career paths.



