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Dream of physicists

 Theory of everything (TOE) 

A theory of everything

(TOE) is a hypothetical

framework explaining all

known physical phenomena

in the universe.



Sir Isaac Newton 

In Principial, Newton formulated

the laws of motion and universal

gravitation that formed the

dominant scientific viewpoint

until it was superseded by the

theory of relativity.

The ancient apple tree which still survives in Newton's garden at

Woolsthorpe Manor, his birthplace in Lincolnshire. . This is the tree

from which it is reputed that Newton saw an apple fall in the late

summer of 1666 and which caused him to speculate upon the nature

of gravitation.



If an apple falls so why can't the moon also fall

Newton knew that the force of gravity must somehow be

"diluted" by distance. The force of gravity between the earth

and any object is inversely proportional to the square of the

distance that separates that object from the earth's center. The

moon, being 60 times further away than the apple,

experiences a force of gravity that is 1/(60)2 times that of the

apple. The force of gravity follows an inverse square law.



Gravitational interactions do not simply

exist between the earth and other objects;

and not simply between the sun and other

planets. Gravitational interactions exist

between all objects with an intensity that

is directly proportional to the product of

their masses.

It was  a theory of everything at its time!



Newton laws and daily life

Almost everything we experience on Earth provides

some example of Newton’s laws.

Newton’s Laws also merged physic of Space to Earth.



Electricity and Magnetic force 

Michael Faraday was an English scientist who contributed

to the study of electromagnetism and electrochemistry. His

main discoveries include the principles underlying

electromagnetic induction, diamagnetism and electrolysis.



James Clerk Maxwell was a Scottish mathematician

and scientist responsible for the classical theory of

electromagnetic radiation describing electricity,

magnetism and light as different manifestations of the

same phenomenon for the first time. Maxwell's

equations for electromagnetism have been called the

"second great unification in physics" where the first

one had been realized by Isaac Newton.



The end of science ?

 Newtonian ‘s laws along with Maxwell equations explained nature

mysterious phenomena, resulted in industrial evolution and it

sounded they are reasonable. In the beginning of 1900 , scientists

were completely satisfied by reaching to the ‘end of science”. But

something was missing!



What went wrong?

Classical physics could not explain

• line spectra

• electron configuration in atoms

• black body radiation

• photoelectric effect

• specific thermal capacity of a crystalline solid

• Compton scattering of X-rays



Quantum mechanics is a general theory. It is presumed to apply to everything,

from subatomic particles to galaxies. But interest is naturally focused on those

phenomena that are most distinctive of quantum mechanics, some of which led

to its discovery, i.e. quantum phenomena under three headings: discreteness,

diffraction, and coherence.

Quantum Evolution 



Birth of Quantum Mechanic 

Niels Bohr (left) with Albert Einstein in the late 1920s, when 

quantum mechanics was in its infancy.Credit: Emilio Segre 

Visual Archives/AIP/SPL

The history of the quantum revolution is replete with

famous names like Einstein, Bohr, Pauli, Heisenberg,

Schrodinger, and others who have forever changed the way

we think about the world.

The revolution of ideas started with German theoretical 

physicist Max Planck .



Max Planck

When Max Planck (1858-1947) entered university, it

seemed that in the field of physics everything had already

been discovered. By the end of the nineteenth century

physicists understood movement, matter, energy, heat,

electromagnetism and light very well when they were

considered separately, but how they related to each other

was less clear. For example, physicists had trouble

explaining the way in which hot bodies radiate energy.



Maxwell equations and Newton’s laws failed in

describing the back body radiation effect.



Black Body Radiation 
 Blackbody radiation was one of the first experiments that lead to quantum

mechanics. It started with the simple observation that when you heat a metal that

it first becomes red, followed by yellow and then white hot as the temperature

increases.

Blackbody radiation is a

theoretical concept in quantum

mechanics in which a material or

substance completely absorbs all

frequencies of light. Because of

the laws of thermodynamics, this

ideal body must also re-emit as

much light as it absorbs.

Although there is no material

that can truly be a blackbody,

some have come close. Carbon

in its graphite form is about 96%

efficient in its absorption of

light.



Lord Rayleigh and J. H. Jeans developed an equation which explained

blackbody radiation at low frequencies. The equation which seemed to

express blackbody radiation was built upon all the known assumptions of

physics at the time. The big assumption which Rayleigh and Jean implied

was that infinitesimal amounts of energy were continuously added to the

system when the frequency was increased. Classical physics assumed that

energy emitted by atomic oscillations could have any continuous value.

Experimental data performed on the black box showed slightly

different results than what was expected by the Rayleigh-Jeans

law. The law had been studied and widely accepted by many

physicists of the day, but the experimental results did not lie,

something was different between what was theorized and what

actually happens. The experimental results showed a bell type

of curve but according to the Rayleigh-Jeans law the frequency

diverged as it neared the ultraviolet region. This inconsistency

was termed the ultraviolet catastrophe.



Max Planck was the first person to properly

explain this experimental data. Rayleigh and

Jean made the assumption that energy is

continuous, but Planck took a slightly different

approach. He said energy must come in certain

unit intervals instead of being any random unit

or number. He instead “quantized” energy in the

form of E=nhν where n is an integer, h is a

constant, and ν is the frequency. This

assumption proved to be the missing piece of

the puzzle and Planck derived an expression

which could explain the experimental data.

The h in this equation is the famous Planck’s constant, which has 

a value of 6.626×10−34Js.



The presence of Planck's

constant, h = 6.6 × 10−34 J

· s, in a problem identifies

that problem as being in

the category of quantum

physics.

What would happen if the value of a Planck constant were 

zero?

If Planck constant is zero, all quantum behavior

will become classical behavior, where energy

will become continuous, momentum will become

zero (which means it is known exactly) and etc.



Light nature



Photoelectric effect

Observations

• There is a threshold frequency, below which no emission occurs.

• The maximum Ek of the electrons is independent of light intensity.

• Photoelectric current is proportional to light intensity.

light (photons)



Photoelectric effect

Energy of incident photon E = hf

The photon’s energy can do two things:

• enable an electron to escape the metal surface    

(work function, ).

• give the free electron Ek.

hf =j +Ek max



Explanation of photoelectric effect on the basis of quantum theory: When 

a photon of sufficient energy strikes an electron in the atom of the metal, 

it transfers its energy to electron and the electron is ejected without delay. 

Greater the energy of the photon, greater will be the kinetic energy of the 

ejected electron.



Einstein was the first to explain what was

happening. He theorized that electromagnetic

energy comes in packets, or quanta which we

now call photons. So light behaves as a wave

and as a particle, depending on the

circumstances and the effect being observed.

This concept is now known as wave-particle

duality. Einstein won the 1921 Nobel Prize in

Physics "for his services to Theoretical Physics,

and especially for his discovery of the law of

the photoelectric effect".



Matter structure

Bohr model, description of the structure of atoms, especially that of hydrogen, proposed (1913) by the Danish 

physicist Niels Bohr. 

Bohr model of the atom: In the Bohr

model of the atom, electrons travel in

defined circular orbits around the

nucleus. The orbits are labeled by an

integer, the quantum number n.

Electrons can jump from one orbit to

another by emitting or absorbing energy.

The inset shows an electron jumping

from orbit n=3 to orbit n=2, emitting a

photon of red light with an energy of

1.89 eV.
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Failures of the Bohr Model

 He used classical mechanic for

describing the electron motion in

atoms.

 Atomic spectra with descrite

frequencies didn’t match with his

prediction.

 In classical mechanic, continues

frequencies are allowed but ,in real

world, atomic spectra shows

quantized frequencies.



In wave like motion , quantization occure!

The Wave Nature of Matter Causes Quantization

https://courses.lumenlearning.com/physics/chapter/30-6-the-wave-nature-of-matter-causes-quantization/


Louis de Broglie

A French physicist and aristocrat who made

groundbreaking contributions to quantum

theory. In his 1924 PhD thesis, he postulated the

wave nature of electrons and suggested that all

matter has wave properties. This concept is

known as the de Broglie hypothesis, an example

of wave–particle duality, and forms a central

part of the theory of quantum mechanics.



The de Broglie‐Bohr model of the hydrogen atom presented here treats

the electron as a particle on a ring with wave‐like properties.



The consequence of de Broglieʹs hypothesis; an integral number of

wavelengths must fit within the circumference of the orbit. This

introduces the quantum number which can have values 1,2,3,... The n

= 4 electron state is shown below.

https://javalab.org/en/matter_wave_en/


Wave– particle duality

Matter Light

As per the de broglie concept of matter waves, the matter

has dual nature, that's mean when the matter is moving it

shows the wave properties (like interference, diffraction

etc.) are associated with it and when it is in the state of

rest then it shows particle properties. thus the matter has

dual nature.

Light acts not only as a wave, but also as a

particle. Each particle of light has a quantum

of energy associated with it and is called a

photon. A key figure in this endeavor was

Thomas Young, one of the most intelligent

and clever scientists ever to live, who studied

diffraction and interference of light already

in 1803 with results that gave strong support

to the wave theory of Christian Huygens as

opposed to the particle or corpuscular theory

of Isaac Newton.



Thomas Young

Young has been described as "The

Last Man Who Knew Everything".

His work influenced that of William

Herschel, Hermann von Helmholtz,

James Clerk Maxwell, and Albert

Einstein.



In 1803 Thomas Young’s double slit experiment showed that, much like water 

waves, light diffracts and produces an interference pattern.

Light must be 

waves!

=2dsin







Photons and electrons are not the same!

 Electrons have a negative charge But photons are units (packets of energy) of an 

electromagnetic wave.

 Light is just one type of electromagnetic energy

 Photons have neither negative nor positive charge. They are not matter and have 

no mass. 

 They travel the speed of light when in a vacuum like in outer space (which is not a 

complete vacuum, really). But they can travel much slower when traveling 

through a medium like water or even air.

 Velocity of electrons alwasys is lower than light.



Energy levels are like rungs of a 

ladder.  You cannot be in between a 

rung

Energy levels in an atom’s electron 

are unequally spaced.  The higher 

energy levels are closer together.



p=/h

If we know the wavelength we are 

certain about the momentum.

But, because a wave is spread out 

in space, we are uncertain about its 

position.

{
If we add 

together many 

wavelengths...

We are uncertain 

about the 

momentum.

But, we are now 

more certain about 

position.

{

Heisenberg’s Uncertainty Principle 

helps us examine the dual nature of 

light, electrons, and other particles.

Uuncertainty principle







Quantum world

 Quantum tunneling: Quantum balls and tall walls

 Quantum Coherence and Quantum superposition

 Quantum entanglement



Quantum tunneling: Quantum balls and tall walls



The phenomenon of tunneling, which has no counterpart in classical

physics, is an important consequence of quantum mechanics. Consider

a particle with energy E in the inner region of a one-dimensional

potential well V(x). (A potential well is a potential that has a lower

value in a certain region of space than in the neighbouring regions.) In

classical mechanics, if E < V (the maximum height of the potential

barrier), the particle remains in the well forever; if E > V , the particle

escapes. In quantum mechanics, the situation is not so simple. The

particle can escape even if its energy E is below the height of the

barrier V , although the probability of escape is small unless E is close

to V . In that case, the particle may tunnel through the potential barrier

and emerge with the same energy E.



Quantum coherence arising from quantum

superposition plays a central role in quantum

mechanics. Quantum coherence is a common

necessary condition for both entanglement and

other types of quantum correlations and it is

also an important physical resource in quantum

computation and quantum information

processing.

Quantum Coherence and Quantum Ssuperposition



Superposition for subatomic particles is like balancing a 

coin, any small movement, vibration or even sound can 

affect the coin from being in a neutral state to collapsing 

on either heads or tails (0 or 1).



The decoherence theory is reverting a quantum system

back to classical through interactions with the

environment which decay and eliminate quantum

behavior of particles.



Quantum coherence, namely a principle of 

superposition of quantum states, is one of the 

cornerstones of the quantum theory.





What did Schrodinger's Cat experiment prove?

In Schrodinger's imaginary experiment, you

place a cat in a box with a tiny bit of

radioactive substance. When the

radioactive substance decays, it triggers a

Geiger counter which causes a poison or

explosion to be released that kills the cat.

Now, the decay of the radioactive substance

is governed by the laws of quantum

mechanics. This means that the atom starts

in a combined state of "going to decay" and

"not going to decay".

Schrödinger’s 

cat



Quantum Entanglement -Einstein’S “SPOOKY ACTION AT A DISTANCE”

Quantum mechanics allows “entangled states” of two

distant systems. Measuring the properties of one system

can instantly change the properties of the other system

Einstein did not believe this was true. He referred to it as

“spooky action at a distance”.







According to quantum laws, nature’s

building blocks are simultaneously

waves and particles, with no definite

location in space. It takes an outside

system observing or measuring them to

push them to “choose” a definitive state.

And entangled particles seem to affect

one another’s “choices” instantaneously,

no matter how far apart they are.



Quantum Physics and Life

Schrödinger's cat in a superposition of "alive"

and "dead," Einstein's objection to God playing

dice, the weird long-distance correlations of

quantum entanglement. These things are

exciting because they're exotic, but

investigating them in the lab requires isolating

very simple quantum systems, and it can be

hard to see any connection between these

phenomena and everyday life.



In fact, though, quantum physics is all around

us. The universe as we know it runs on quantum

rules, and while the classical physics that

emerges when you apply quantum physics to

enormously huge numbers of particles seem

very different, there are lots of familiar,

everyday phenomena that owe their existence to

quantum effects.



Quantum biology

Biological systems are dynamical,

constantly exchanging energy and matter

with the environment in order to maintain

the non-equilibrium state synonymous

with living. Developments in

observational techniques have allowed us

to study biological dynamics on

increasingly small scales. Such studies

have revealed evidence of quantum

mechanical effects, which cannot be

accounted for by classical physics, in a

range of biological processes.



Quantum biology is usually considered to be a

new discipline, arising from recent research that

suggests that biological phenomena such as

photosynthesis, enzyme catalysis, avian

navigation or olfaction may not only operate

within the bounds of classical physics but also

make use of a number of the non-trivial features

of quantum mechanics, such as coherence,

tunneling and, perhaps, entanglement.



Quantum biology was in fact born shortly after the development of

quantum mechanics itself.

Erwin Schrödinger's 1944 book  :What is Life

He discussed applications of quantum mechanics in

biology. Schrödinger introduced the idea of an "aperiodic

crystal" that contained genetic information in its

configuration of covalent chemical bonds. He further

suggested that mutations are introduced by "quantum

leaps".



The quantum idea of complementarity is fundamental to the life 

sciences

Max Delbruck

Niels Bohr

Pascual Jordan



The word 'Complementarity' was originally introduced lag Niels

Bohr to express one of the most fundamental ideas in quantum

theory, that we can not simultaneously measure both the

position and velocity of a particle—the more we know about

one the less we can know about the other. It is in this sense that

we speak of our knowledge of the two quantities as

complementary



Per-Olov Löwdin

In 1963, Per-Olov Löwdin published proton tunneling as

another mechanism for DNA mutation. In his paper, he stated

that there is a new field of study called "quantum biology".



Quantum biologists  use today's high-

performance computers to precisely 

model biological processes.




