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Abstract: This topic analyzes the quantum properties of light, specifically the concept of
the photon, its energy, and momentum. A photon is the smallest quantum of
electromagnetic radiation, which is considered as a particle that does not have mass, but
has energy and momentum. The particle (quantum) nature of light was first introduced by
Albert Einstein when explaining the phenomenon of the photoelectric effect, which
showed that electromagnetic waves are transmitted in the form of discrete energy packets -
quanta.
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where h is Planck's constant, and v is the wave frequency. The momentum of a

photon is expressed by the formula
p=Ec=hvc

where c is the speed of light. These formulas confirm that light has not only wave
properties, but also particle properties. These theories are widely used in quantum physics,
optics, and modern technologies such as lasers, solar panels, and quantum computing. The
topic is important in understanding the fundamental quantum properties of light.
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p=FEc=hvc
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TOJIKO BOJIHOBBIMH CBOWMCTBAMHM, HO U CBOWCTBAMH KOpIlyca. OTH TEOPUU LIMPOKO
UCIOJIb3YIOTCS B KBAHTOBOM (PM3MKE, ONTUKE U COBPEMEHHBIX TEXHOJIOTHMSIX, TAKUX KakK
J1a3€pbl, COJHEYHBIC IIAHEIM M KBAHTOBBIC BBIYMCIICHUA. TeMa BakHA U1 NOHUMAaHUs

Einn

u (yH1aMEHTaJIbHBIX KBAHTOBBIX CBOMCTB CBETA.
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g Introduction: Light is one of the most common physical phenomena in our daily

@b lives, and its properties have intrigued humanity since ancient times. Although the wave
_— properties of light were widely known at the end of the 19th century, the concept of the

g photon, proposed by Albert Einstein at the beginning of the 20th century, formed new

-) views on the quantum (particle) nature of light. Einstein's approach to explaining the
7 phenomenon of the photoelectric effect revealed not only wave, but also particle properties
-’ of light. This discovery made a huge contribution to the development of quantum
pr— mechanics and strengthened the concept in modern physics that light has a dual nature -

CU wave and particle.

The concept of a photon and its properties

A photon is the smallest quantum of electromagnetic radiation. It is considered as a
particle that does not have mass, but has energy and momentum. The energy of a photon
depends on its frequency and is expressed by the following formula:

10N

E=hv
Here:
E - photon energy,
h - Planck constant (6.626, 10"{-34} {J‘s}),
v - frequency of the photon.
The momentum of a photon is related to its energy and is determined by the
following equation:
p=Ec
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Here:

p - momentum of the photon,

C - speed of light (3x10"8 m/s)

Photoelectric effect

The photoelectric effect is the phenomenon of the emission of electrons as a result
of light falling on the surface of a metal. According to the theory of classical
electromagnetism, electron emission should depend on the intensity of light. However,
experimental observations have shown that electrons are emitted only under the influence
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of light of a certain frequency. To explain this phenomenon, Albert Einstein imagined light

as discrete energy packets - photons. He expressed the photon energy by the formula E=hv
and noted that for the emission of electrons, the photon energy must be greater than the
work function of the metal. This idea successfully explained the phenomenon of the
photoelectric effect and earned Einstein the Nobel Prize in 1921.

Quantum physics and its significance in modern technologies

Quantum properties of light are widely used in quantum physics, optics, and
modern technologies. For example, the energy and momentum of photons are crucial in
lasers, solar panels, and quantum computing technologies. Lasers create high-precision
radiation by controlling the spatial and spectral properties of light. Solar panels serve as an
environmentally friendly energy source, converting photon energy into electrical energy.
In quantum computing technologies, photons are used for coding and transmitting data,
which significantly increases computational speed.

Literature review: Energy and momentum of a photon

Quantum properties of light, especially the concept of the photon, the theoretical
foundations of its energy and momentum, are one of the main topics of modern physics.
Research conducted in this area proves the dual nature of light - wave and particle. Below
Is an analysis of the main literature related to the energy and momentum of a photon.

Einstein's study of the photoelectric effect

Albert Einstein's 1905 article, "A Heuristic View on the Formation and Change of
Light,” plays an important role in understanding the quantum properties of light. In this
article, he imagined light as separate energy packets - photons - and applied this approach
to explain the photoelectric effect. Photon energy

E=hvy

and emphasized that for the emission of electrons, the photon energy must be higher
than the work function of the metal. This concept successfully explained the photoelectric
effect, and Einstein was awarded the Nobel Prize in 1921.

Relationship between photon momentum and energy

The photon's momentum p and energy E are related to the speed of light ¢ and are
expressed by the following formula:

p=Ec

Here:

p - momentum of the photon,

v - photon frequency,

C - speed of light.

This formula shows that the momentum of a photon is directly related to its energy.
The momentum of a photon confirms its particle properties and reinforces the
understanding of the particle nature of light.

Relationship between photon momentum and wavelength

The momentum of a photon is also related to its wavelength A\lambdal and is
expressed by the following formula:

p=Ah
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Summary: Energy and momentum of photons

Quantum properties of light, especially the concept of the photon, the theoretical
foundations of its energy and momentum, are one of the main topics of modern physics. A
photon is considered the smallest quantum of electromagnetic radiation and is considered
as a particle that has no mass but possesses energy and momentum. The energy and
momentum of a photon are related to its frequency, which is expressed through Planck's
constant.

The energy E of a photon with a frequency v is determined by the formula:

E=hv

Here:

E - photon energy,

h - Planck’s constant,

v - frequency of the photon.

The momentum p of a photon is related to its energy E and the speed of light c,
which is expressed by the following formula:

p=Ec=hvc

Here:

p - momentum of the photon,

h - Planck’s constant,

v - photon frequency,

C - speed of light.

The momentum of a photon is directly related to its energy, which confirms its
particle properties and reinforces the understanding of the particle nature of light.

The photoelectric effect is the phenomenon of the emission of electrons as a result
of light falling on the surface of a metal. According to the theory of classical
electromagnetism, electron emission should depend on the intensity of light. However,
experimental observations have shown that electrons are emitted only under the influence
of light of a certain frequency. To explain this phenomenon, Albert Einstein imagined light
as discrete energy packets - photons. He expressed the photon's energy by the formula
E=hv and noted that for the emission of electrons, the photon's energy must be greater than
the work done by the metal. This theory successfully explained the phenomenon of the
photoelectric effect and led Einstein to the Nobel Prize in 1921.

Quantum properties of light, especially the concept of the photon, the theoretical
foundations of its energy and momentum, occupy an important place in modern physics.
Einstein's approach to explaining the photoelectric effect became the basis for determining
the dual nature of light - that it is a wave and a particle. This concept is widely used in
quantum physics, optics, and modern technologies, paving the way for new scientific
discoveries and technological achievements. A deep study of the quantum properties of
light allows for a broader understanding of its essence and possibilities.

p - momentum of the photon,
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h - Planck's constant,

A is the wavelength of the photon.

This formula shows that the momentum of a photon is inversely related to its
wavelength. As the wavelength decreases, the photon's momentum increases. This
: relationship plays an important role in calculating the momentum of photons and studying
n their interaction with materials.

Measurement and practical application of photon momentum

ﬁﬂr—! 2
ST

% " Measurement and practical application of photon pulse
) = Despite the fact that the momentum of photons is very small, their total effect can
g O be significant. For example, the movement of spacecraft under the influence of sunlight or
~ & the change in the direction of the comet's tail are practical manifestations of photon
QD 3
< ELD‘ momentum. There are also projects to move spacecraft using photon pulses using solar
QD Y radiation.
_— é Wave and particle nature of light
g o The concept of the wave and particle nature of light is closely related to the basic
- E principles of quantum mechanics. Maxwell's theory of electromagnetic waves describes
7 = U light as a wave, while Einstein's concept of a photon considers it as a particle. Modern
-’ "o quantum physics combines the dual nature of light - the concept of waves and particles -
] é into a single theory. This approach is used to explain various light phenomena, such as
CU O interference, diffraction, and the photoelectric effect.
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