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ABSTRACT

Discussion of some works related to photon has been made. Different works selected here contain the study of

different characteristics of photon. The properties of photon like charge; mass; spin; angular momentum;

interaction between light and matter; that between photon and gravitational field; the wave function and

gravitational field of photon have been mainly chosen for discussion. Over and above the aforesaid

characteristics of photon the wave particle duality; structure of photon motion; pair production by photon ;

photon, graviton and their reactions ; radius of photon orbit due to black holes have also been discussed.

Keywords: Gravitational Field, Gauge Boson, Helicity, Extra-galactic Source.

I. INTRODUCTION

From early days study of the properties of photon is of
prime interest to the researchers. It was Albert
Einstein who considered that light consists of small
indivisible particles called ‘Photons’. So, all the
phenomena of light are nothing but the phenomena
The

debatable about its

with photons. photon concept,

has

momentus advances in the theoretical as well as

although
characteristics, led to
experimental physics. The characteristics have been
adhered to the photons at different times by different

workers.

In this review we shall include the works of several
authors who discussed the characteristics of photon
from different points of view. Here, stresses have been
given on charge, mass, gravitational field of photon
and the interaction of photon with it. Discussions of
several works about other characteristics of photon

has, also, been included in this work.

This dissertation has been divided into different

sections. In a particular section different works on
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each characteristic of photon have been presented

which are arranged year-wise as far as practicable..

II. GENERAL CONCEPT ABOUT PHOTON

Different authors have defined photon in different
the

characteristics of photon would be included, in brief,

ways. Discussion on some of common
in this section which would, again, be discussed in

later sections in some details.

A longstanding question is — what is photon?

The answer is as follows:

A photon is an elementary particle. It is the quantum
of light as well as of all the other forms of
electromagnetic radiation which is, also, the carrier of
electromagnetic force even in static condition [1]. It is
to be noted here that photon has no rest mass which is

responsible for interactions at long distances.

In Physics, a photon is usually denoted by which is,
most probably, derived from -rays [2]. The photons

may, also, be symbolized by .
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The history of photon started in 1901 when Planck
put forward his famous formula for black body
radiation. Afterwards photon was called the quantum

action [3].

However, Einstein gradually developed the modern

concept of photon to explain experimental
observations. It is to mention that the frequency
dependence of light energy was included in the
photon model. In 1902 Lenard discovered that in
photoelectric effect the energy of electrons depends
on the wavelength of light [4]. The nature of photons
could be best explained by quantum mechanics since
photons exhibit wave particle duality. It is to mention
that the term ‘photon’, in its present concept, was first
used by Compton [5]. Einstein and others described
the photon not to be a point-like particle. According
to Einstein the photons are fully identical and there is

non-local interaction [6].

In the article ‘conservation of photon’ Lewis, a
chemist [7], named the light quanta as ‘photon’ in
1926. According to him photons were uncreatable
and indestructible. He considered photons to be
“atoms of light” which are conserved. But his notion
of photon was a bit different from that used today.

Again, a photon is a spin-one particle. It has only
helicity and energy which can not be localized at a
point. It has, also, been shown that photons carry spin
angular momentum which is independent of its

frequency [8].

Also, we find in [9] that photon may be considered as
a small mass ( ) concentrated in a ring of radius
which rotates with velocity of light ( ) having a
linear motion with velocity along the axis of
rotation. So, photons may have two velocities which

produces right and left rotations.

Again, Pine and others [10] have studied photons and
concluded that photons would be absorbed by nuclei,

atoms and molecules. In the works [11,12] we may
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obtain informations about some of the properties of
photon. Now, electromagnetic photons may be
emitted in many natural processes. Gauge theories
could be applied to these photons [13]. So, photons are

considered to be gauge bosons.

Also, from [1] it is learnt that photon is massless.
Relativistic mass is just the energy scaled to unit of
the

mass is or . Terrestrial experiments have shown that

mass. For a photon with wavelength or energy
the rest mass of photon is less than . It is also
mentioned that photons may , always, be travelling
with  in matter when their phase is shifted due to
interaction with atomic scatterers. This modifies the
momentum and wavelength but not the speed. Again,
Eugene [14] has discussed about the well known

dispersion effect of light.

Now, in the earlier times of the last century some
questions about plane light waves have been raised by
some authors. Of course, there appear some papers

[15-17] where we, again, find their answers.

Again, we have found that photon has no electric
charge and is stable [18]. It has been mentioned here
that a photon has two possible polarization states and
it is described by exactly three continuous parameters

which are the components of its wave vector.

It is known that under low resolution the transport of

energy, linear and angular momentum by
electromagnetic radiation is often continuous but
under sufficient resolution it breaks down forming
discrete quanta. The authors of [19] is of opinion that
a photon is the result of an elementary excitation of
the quantized electromagnetic field. It can be treated
as a quasi-particle which is approximately similar to
an electron. Its unique properties arise from its zero
rest mass and its spin-one nature. Photons could not
be localized to a point and are inherently relativistic.
For a photon, it was assumed that the magnitude of
, the helicity is

spin is which corresponds to right
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handed and left handed circular polarizations [20] as
mentioned earlier.

Now, photons, in the form of rays, loose energy
while passing through matter and upper limit of
photon mass is [21]. Again, it is learnt that light
travels through transparent medium at a speed lower
than . In addition light can undergo scattering and
absorption in the process. Also, circumstances show
that energy transfer through a material is mostly

radiative involving emission and absorption of

photons within it [1].

In super conductors photons develop a non-zero
effective rest mass resulting in electromagnetic forces
to become short range inside it [22]. In [23] the
authors showed why photons, the regeneration of
Newton’s corpuscles, was proposed by Einstein again
( with slight modification in the characteristic) and
why photon concept is governing the scientific world

uptil now.

Now, according to [24] light is an electromagnetic
wave consisting of photons having kinetic energy ,
mass ,spin angular momentum about an axis (which
is the direction of propagation). According to them
photon is not only a particle or wave but it is a system

which may be called Super System of Photon (SSP).

The system carries kinetic energy and has no rest mass.

In SSP electromagnetic and gravitational fields are
unified and the system transforms one field to the

other.

[25—31]

contains electromagnetic field accompanying the

Several workers observed that photon
gravitational field. It can interact with gravitational
field when the source of relativistic mass of photon is
gravitational interaction. Also, photon may decay into
one or more graviton. We collect from [1] the

following informations about photon [32].
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Composition Elementary Particle
Staristics Bosonic
Interactions Electromagnetic
Symbol or

Theorised by  Albert Einstein

Mass

Mean life time Stable
Electric charge

Spin

Parity

C Parity

Condensed

III. SOME IMPORTANT CHARACTERISTICS OF
PHOTON

Following are some important characteristics of

photon as considered by several workers.

a) Photon is a particle having kinetic energy
[33]; b) Photons may
be of two types — right rotating and left rotating

, mass

( inertial and electromagnetic)

which imply the two types of S-L interactions in it
and that two types of energy--momentum exist in
photon [8,9.34,35]; c) Photon charge, related to a type
of energy-momentum, exists which is very small
having an upper limit ( ) [18,21,36-39]; d) Photon has
no traces of rest mass but a moving mass. The source
of relativistic mass of photon is gravitational
interaction within it [20,25,30,40]. Photon can decay
into one or more graviton; e) Photon is not only a
particle or wave but a super system in which
gravitational interaction is happening resulting in

electromagnetic field with respect to an observer
[24,41,42].

IV. CHARGE OF PHOTON
The answer to the question whether a photon is
charged is a debatable issue in the field of physical

science. Several authors are of opinion that photon is

charged, of course, with a very small amount having
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an upper limit while others say that photon is neutral.
It is to note that different limits to the photon charge
have been imposed by different authors in different
times, considering photons to have equal magnitude of
charge but of different signs. In this section we shall

present some works related to photon charge.

Some authors [43] have studied the massless particles
which, according to them, are nothing but photons.
They studied about the conservation law and the
photon. The charge of photon was, also, studied by
Cocconi [44]. He discussed a constraint on photon
charge, which is comparatively weaker, with an
approach based on angular spread of photons
propagating from distant extra-galactic sources. He
explained this hypothetic small change in magnetic
field and has tried to propose a limit on this charge
[45]. Another constraint has been obtained recently
by a study of the properties of cosmic micro-wave
background (CMB). It is noticed that there is existence
of a small photon charge in charge symmetry of the
universe which would contribute to the observed

CMB anisotropy.

To have an idea about photon charge Raffelt [46]
studied about the trajectory of photons coming from a
distant source having a packet of different frequencies.
Again, the charge of photon was studied in [47]. In
[48] a measurement of the deflection of a laser beam
in a modulated magnetic field with a prototype
apparatus was made. It has produced an upper limit of
on the charge of photon. Using modern high
resolution instruments and extra-galactic compact
radio sources Kobychev and others [18] obtained an
estimate of the upper limit of the charge of photon
which is  ( assuming the photon charge to be energy

independent).

Okun [38] has made it clear that if photon is charged
and principles of quantum field theory are not
violated then there should exist at least two kinds of

photons with opposite charges Again, charge
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neutrality of photons has been assumed in [49]. Okun
[39] has mentioned that there exist several papers on
photon, specially the neutrality of photons which, also,
set an upper limit on the charge of photon. Now, trial
has been made to put an upper limit on photon charge
[50]. Again, the spin, charge and fine structure
constant of photon have been delt with in [51,52]
while in [41] the authors have discussed about Lorentz

transformation applicable to Super System of Photon.

Again, we may cite some works which are mainly
related to charge of photon [18,45,53-57]. In all these ,
the upper limit of the charge of photon follows from
non-observation of any action of external static
electric or magnetic fields of photon’s charge while
the fact that these fields themselves are “built from
photons” is ignored. In fact, the above authors
implicitly assumed that all photons are either neutral
as in ordinary electrodynamics or all are charged. But,

this assumption is not proper.
V. MASS OF PHOTON

In literature we find a number of works on the mass
of photon. It should be mentioned that the existence
of the mass of a photon is one of the most debatable
issues in physics. Special Theory of Relativity assumes
photons without rest mass but having a relativistic
mass which travels with the speed of light. But, some
scientists are of opinion that photon has a non-zero
rest mass however small it may be. It should be
mentioned that there is no conclusive evidence
regarding the above matter. This section will contain
some works on the mass of photon and its related

matters.

de Broglie [58] noticed that mass of photon would
lead to a faster speed of violet light than that of red
light. After a few years some workers [59] have
studied the localized states for the systems like that of
photon. A general study of the photon mass was, also,

done by Bass and others [60] who briefly discussed
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whether photon mass is zero or has a value however
small. Some workers tried to attach a limit to the mass
of photon [61].

Now, Kole [62] used the relations ... (1) and ... (2)

where and are respectively the energy and
momentum of photon ( which is the quantum of any
form of wave energy ), phase velocity, rest mass,
velocity of light. Here (1) contains information about
the medium while (2) refers to a particle without
reference to other matter. Equivalence of (1) and (2)
means that a photon in a medium may be considered
as a particle in vacuum. This particle has a “rest mass”.
It is clear from this work that photon-photon
interaction may take place if This work, also,

contains the study about rest mass of the radio-

frequency photons.

Some studies on rest mass and mass of photon were
made as it appears in [63-66]. Studies have been made
about the movement of wave quanta in mechanical
force fields under different characteristics of the
media ( i.e. static and variable) and also for different
kinds of fields [67]. Here, an experiment has been
designed to study the rest mass of photon. Also,
studies have been made about the rest mass of photon
in [68] while an upper limit to the photon’s rest mass
was proposed in [69]. An experiment to determine the
photon mass was also conducted [70] with, to some
extent, reliable results. Again, the masses of photon
and graviton were studied [71]. Now, Goldstone
theorem was discussed [72] and according to it the

masslessness of photons was assumed.

Ryntov noticed that the limit of photon mass i.e.
considered by Particle Data Group (PDG) [73] is the
best one. He [74] developed the idea of Ginsburg [75]
and first derived a self-consistent and complete set of
MHD equations accounting for finite mass of photon.
He did not put a new limit on the photon mass but
mentioned a possible way of improving it by the

analysis of some properties of Solar Wind. Of course,
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Lakes [76] considered some limits on the photon mass

through an experiment.

The work of Sivaram [36] reveals that - ray bursts
GRB990123 were detected 22 second after the burst
and in the radio-frequency range about a day later. It
puts some more stringent constraints on the photon’s
rest mass and charge. The delay in detection was
thought to be due to the presence of finite mass and
charge of the photon. On this basis an expression for
the delay time was put forward. It should be
mentioned that the best acceptable photon mass was
given by PDG [77].

It is well known that any massive quantum particle

undergoes  dispersive  deflection in  external
gravitational fields. So, with the help of such
deflection of the quantized massive electromagnetic
radiation by the gravitational field of the Sun, an
upper bound for the photon mass has been found out
( with the assumption that photons are massive
particles ) [78]. Now, some tests of Coulomb’s law and
the rest mass of photon have been performed by Tu
and others [79]. Again, Okun [39] has vividly studied
photon’s history, mass and charge like other workers.
Here, the processes of the creation of charge and mass
have been examined. The symmetry behind charge

parity has been clearly shown as well.

Studies on the photon mass was, also, made in [80,81].
Again, in the paper [52] mass, charge and the fine
structure constant were studied. The interaction of
two plane waves moving at the speed of light has, also,

been examined.

VI. SOME AVAILABLE REVIEWS ON PHOTON
MASS

From the beginning of 1968 a special issue of Uspekhi
Fizicheskikh Nauk was under preparation to mark
fifty years of this review journal. Kobzarev and Okun

[82] corrected the estimates of de Broglie and
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Schrodinger. Goldhaber and Nietto published an
extensive review [83]. There is the review on rest
mass by Byrne [84] published in 1977. The latest
review by Tu, Luo and Gillis [85] published in 2005

includes a large number of works.

VII. SPIN OF PHOTON

Photons are having spins. Different workers have

studied photon’s spin both theoretically and
experimentally. Let us try to present some works on

photon-spin in this setion.

It is well known that Nicols and others [ 86] have
studied preliminarily the presence of heat and light
radiations which may be looked upon as a study of
motion of photons. Following Dirac [87] one may
consider plane polarized light to be a quantum with
spin. Similar are the cases with other types of
polarized light.

Raman and Bhagavantam [8] have studied
experimentally the spin of the photon and have
mentioned, in the line of Prof. S.N.Bose, that the
photons have energy , linear momentum and also
an intrinsic spin or angular momentum around an
axis parallel to its direction of motion. The change in
Bohr Unit. The

measurements made by them are clearly decisive in

spin of the photon is either 0 or
favour of the spin theory. Spin structure of the
photon has been studied by Bass and others [88,89].
Bauke and others [90]

spin dynamics induced by photons. Now, opto-

have discussed the electron
mechanical photon shuttling between photonic
cavities may occur as in [91]. Again, the study of the
natural process of spin-spin interaction of light has,
also, been made [92]. In [93] the authors have tried to
measure the photon’s spin angular momentum and
optical torque in integrated photonic devices by opto-

mechanical methods.
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VIII. ANGULAR MOMENTUM OF PHOTON

Like spin, photons may possess angular momentum.
Both are of particular interest to research workers in
current days. Several works appear in literature which
deal with angular momentum theoretically as well as
experimentally. Trial would be made to include, in
this section, works

some on photon angular

momentum.

Poynting [94] and Abraham [95] showed that a beam
of light may possess angular momentum. In a work by
Beth [96] circularly polarized light was transformed
into linear polarization, removing spin angular
momentum from the light beam. This results in a
measureable torque. The angular momentum of light
has been mechanically detected and also measured
giving results as predicted by the theory. The fact that
angular momentum is associated with polarized light,
especially to circularly polarized one, was studied in

[97].

Again, we found in Allen and others [98] well defined
orbital angular momentum for laser light with a
Laguerre-Gaussian amplitude distribution. To measure
the mechanical torque induced by the transfer of
orbital angular momentum associated with the above
transformation an experiment has been proposed by
Van Enk and others [99]. It was, also, shown that the
electron light carries angular momentum [100]. Again,
Allen and others [101] have studied the orbital
angular momentum related to light. It is to note that
spin and angular momentum of light are of
importance to present day study as pointed out in
[102]. Orbital angular momentum of photons has, also,
been delt with in [34,103].

On the other hand discussion on the electromagnetic
energy momentum was made in [104]. Brief study of
radiation pressure and the linear momentum of
electromagnetic field was made by Mansuripur [105].

Radiation pressure and the linear momentum of light
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in dispersive di-electric media was, also, observed by
[106]. He
circularly polarized light,

Mansuripur studied the behavior of
specially the angular
momentum in di-electric media and derived an
expression for the angular momentum density of a

single plane wave in a limiting case [107].

Now, using Helmholtz theorem on the decomposition
of vector fields the angular momentum of the classical
electromagnetic field is decomposed into a spin
component and an orbital component. The method
has been applied to linearly and circularly polarized
plane waves in their classical and quantum forms
[108]. The authors of [109] have delt with the
momentum of electromagnetic

wave when it

propagates through a di-electric medium.

It is well known that optical forces may be produced
in integrated photonic circuits [110]. Again, general
treatment of optical forces and potentials in
mechanically variable photonic systems has been done
in [111]. Also, discussions on photonic quantum
technologies have been given in [112]. Taking into
account the concept in [9] the linear and rotational
velocities add according to Lorentz transformation
[113]. In

it is seen that natural separation of the

thus limiting the maximum velocity to
[114]
generators of Lorentz Boosts into spin and orbital
parts fails, as the spin part is identically zero. In [115]
the case of twisted photons and also the orbital
angular momentum of it have been reviewed. Also,
the angular momentum of light was delt with in [116].
It could be seen that the work [117] received much
attention from different spheres of physics. They have
proposed a theoretical and experimental frame-work
for the study of light-matter interactions and the

angular momentum of light.

A new concept of photonic wheels has been given in
[118]. However, finite sections of circularly polarized
plane waves are found experimentally to carry angular

momentum. A mathematical model is described here
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that gives a quantitative account of this effect to

resolve the paradox mentioned in [119].
IX. WAVE PARTICLE DUALITY OF PHOTON

It was Luis de Broglie who considered a photon to
have duality i.e. wae and particle nature. This is an
important conjecture which was successfully applied
to optical phenomena. In this section we shall briefly
discuss some phenomena related to wave and particle

nature of light or photon.

Zu [35] establishes a classical geometric model of a
single photon based on field matter. He deduces the
formula for the size of a photon assuming only two
kinds of photons viz. right handed and left handed
circularly polarized. He also suggest the frequency
of photon polarization to be its spin frequency. Here
wave like nature of photon is ascribed to its spin and

the particle like nature to its translational motion.

This work is based on following hypotheses--

A) The photon consists of electric field vector and
magnetic field vector overlapping in a plane. A
photon has no rest mass but motional mass. The mass
and

is due to . B) Spin angular momentum of

photon suggests that there is neither unpolarized
nor plane polarized photons but they are circularly
polarized being either right handed or left handed
corresponding to the helicity or . C) In quantum
electrodynamics [120,121]  is the photon oscillation
frequency. But here it is supposed that photon never
oscillates though the electromagnetic fields do and is
the polarization rotation angular frequency of photon
i.e. spin frequency. D) When two photons of same
frequency interfere, the resultant field vector may be
either

(or ) or zero. E) The bending of light in a

field of gravity indicates that photon follows

mechanical laws.

Mreover, [122] clarifies the single photon interference

effect in a simple manner with experimental evidence.
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X. STRUCTURE OF MOTION OF PHOTON

A brief discussion on the structure of motion related
to the integral of motion has been inserted in this

section.

In [123] the Hamiltonian of free photon has been

linearized by wusing Pauli’s metric. Some
characteristics of photon which follows from this
linearization have been examined. This paper showed
that the integral of motion is the total angular
momentum which is the sum of orbital and spin

momentum for a half-one spin.

XI. PAIR PRODUCTION BY PHOTON

This

collision of photons leading to pair production.

section contains the resultant effect after

[124] discusses the situation that would happen after
collision between a high energy and a low energy
They have the

probabilities and also considered the absorption by a

photon. calculated absorption
black body photon gas and absorption by a power-law
photon spectrum with a low energy and high energy

cut off as also the photon spectrum with two cut offs.

XII. PHOTON-GRAVITON MIXING

Photon graviton mixing in an electromagnetic field is
a process of potential interest for cosmology and
astrophysics. In this section we shall discuss about it

in brief.

It is known that Einstein-Maxwell theory implies the
mixing of photons with gravitons in an external
field. This

consequences have been studied for many years by

electromagnetic process and its
many workers [125]. They have deduced the photon-
graviton polarization tensor in a constant field, the

properties of which are similar to those of photon-
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photon polarization tensor. The mixing was also
studied in [126].

XII. Radius of the Photon Orbit

Photons rotate in a particular orbit with respect to a
rotating black hole. Discussions on the radius of the
photon orbit has been included in this section.

A photon sphere is a spherical region of space. The
photons travelling near the horizon of a black hole are
pulled by it. Radius of a photon orbit around the
rotating black hole could be looked upon as a function
of intense gravitational field intensity of the rotating

black hole [127].

XIII. INTERACTION BETWEEN LIGHT AND
MATTER

The phenomenon of interaction between light and
matter leading to scattering of photons is one of the
important objects of study in optics. In this section

this interaction would be discussed in brief.

The authors in [128] extended the Bialynicki-Birula-
Sipe formalism to include the interaction of photons
with non-absorptive continuous media. They have,
briefly, discussed the photon wave equations in
vacuum and, also, some of the properties of photon
wave functions. Again, they have applied the second
quantization procedure to the photon wave function
formalism in a linear non-dispersive and non-

absorptive medium.

XIV. INTERACTION BETWEEN PHOTON AND
GRAVITATIONAL FIELD

Interaction of photons with gravitational field is one
of the major problems in the theory of gravitation. In
this section we shall present some works on the topic.

Scott [129] proposed a new theory of gravitation
where space-time is always flat and gravitational field
is described by equations of Maxwell’s form. The

interaction of photons with gravitational field follows
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from the basic quantum theory which predicts that
photon frequency is proportional to the energy while

wavelength is inversely proportional to momentum.

Again, photon velocity depends on gravitational
potential and deflection of light ray (depending on
Gould and
others [130] have studied the opacity of the universe.

mass) is due to gravitational refraction.

Also, interaction of photons with gravitational field
was delt with in [131]. Crawford [25] has analysed the
behavior of photons in gravitational field considering
the photons to be point particles that travel along
geodesics. It was shown that photons could interact
with the transverse gradient of the gravitational field
to give a deflection in addition to the well known
gravitational deflection of general relativity. Again, an
equation describing the motion of a photon in a
field
homogeneous body was established in [132]. In this

gravitational exterior to a stationary
paper the author showed that a photon is not only
accelerated angularly by a gravitational field but

linearly also, although to a small extent.

Faraon and others [133] have studied the interaction
of light and gravitational field when the field varies
from weak to a strong one. Some authors have delt
with the interaction of photons with a low amplitude
gravitational wave propagating in a flat space-time. In
section II of this paper the authors present the ray
trajectories of photon in Hamiltonian form for
photons moving in a generic gravitational field. The
authors examine the case of motion of photon in a flat
space-time perturbed by a low amplitude gravitational
wave in section III of this paper. Lastly, in section IV
the authors consider the photon motion along the
direction of propagation of the gravitational wave and
illustrate their formalism with numerical examples. It
has been shown here that photons can strongly
interact in a flat space-time with low amplitude
gravitational waves. Mendonca [135] has considered
widely the production of acceleration of the photon.

Again, interaction of photon with gravitational field
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has been studied by several workers [28, 136-138].
The relation between electromagnetic field and
gravitational field was studied, in brief, in [139].
XV. WAVE FUNCTION PHOTON

It is well known that electromagnetic waves are
generated during spontaneous emission of photons.
The waves could be described by wave functions
appropriate to the case. In this section the wave

functions and their related matters are presented in a

lucid way.

Several authors like de Broglie [140] has studied the
mechanics of photon waves. Again, the mechanical
structure of photon has been discussed in [141].
Philippidis and others [142] describe the photon
propagation through a di-electric using quantum
mechanics on the basis of the effect of photon
penetration through a potential barrier. The authors
have discussed the link between the photon wave
function and the electromagnetic fields of the wave. It
is to be mentioned that the photon wave function
introduced here differs from that in non-relativistic
quantum mechanics. They have, also, deduced Fresnel

equations using quantum mechanical methods.

A localized one-photon state has been experimentally
realized in [143] and a good approximation to the
ideal localized one-photon state has been achieved.
Huang and others [144] have, also, studied the single

photon wave function, of course, in free space.

In [145-147] we find the studies of wave function of
photon. It was noted that photon, a relativistic particle,
fits within the frame work of elementary non-
relativistic quantum mechanics. With no rest mass it
cannot be stopped except by an absorption process.
Thus, spin and angular momentum of photon are not
separate. Also, due to the absence of rest mass there is
lack of photon localizability. Sipe has deduced an

expression of photon wave function generated in
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spontaneous emission of single photon with the idea
that photon is a particle. Now, experimental
observations have been made in [148] about the
localization of photons. Keller [149] has studied the

photon emission from atom.

Again, the two photon wave mechanics has been
discussed in [150]. Also the quantum structure of
continuous entanglement has been examined in [151].
From this, the authors derive a set of two photon
mode functions that provide an exact, discrete and
effectively finite basis for characterizing pair wise
entanglement. Similar matters have been delt with in
[152] while Keller [153] discussed some crucial points
related to localizability of photon. Entanglement of
the two photons emitted in spontaneous parametric
down conversion has been examined in [154]. In this
connection the characteristics of light have been

reconsidered in [155].

[156,157] where there are

discussions on the nature and characteristics of light

We have two papers

which are related to the light particles i.e. photons.
Mach [158] reviewed the properties of photon from a
different point of view. [159,160] discussed the nature
of photons. Again, [161] considers the wave function
of photon from a different aspect. The quantum
aspects of propagation of photon in transparent

infinite media was delt with in [162].

Studies have been made about the interaction of
photon and a homogeneous medium during the
propagation of light through it. An expression for
propagation of the photon through a non-dispersive
medium was found out. It was argued that the wave
function of the interacting photon is a Q-vector. The
photon wave function was, also, studied and Fresnel

formulae were deduced by Popesku and others [163].
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XVI. PHOTONS AND GRAVITATIONAL FIELD.

The idea that photons may produce gravitational field
is a long standing one. This field could be observed in
the form of waves. Studies of this field ( or the wave )
and their effect on photons have been done by several
authors . The gist of some of these studies have been
presented in this section.

It is seen that Riemannian spaces conformal to
Einstein spaces have been considered for study [164]
while a general discussion on gravitational waves has
been done by Peres [165]. The mathematical theory of
plane gravitational waves in general relativity was

proposed by Takeno [166].

In a work [167] the phenomenon of gravitation and its
application to current research was considered. The
work of Edelen [168] presents the discussion on the
gravitational field of light. Bonnor [169] gave exact
solution of Einstein’s equations representing the
gravitational field of a steady beam of light. From a
study of null geodesics the author concluded that a
uniform beam of light is gravitationally stable. The
outcome of Bonor’s work is—

I.  The gravitational field of light is twice that of
a material source having the same energy
density.

II.  The gravitational field of pulses and beams of
light consists of plane fronted gravitational
waves.

II. A uniform beam of light is gravitationally
stable.

Iv. Parallel beams (or pulses) of light shinning in

the same sense do not interact.

The problem of gravitational fields of massless
particles has been discussed by several authors
[170,171]. Again, the concept in [172] is that photon
existing at is an idealization. In reality one should
consider a photon produced at a finite instant of time .

Now, according to general theory of relativity photons
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as well as electromagnetic waves contribute to the
stress-energy tensor which exerts a gravitational

attraction on other objects [26].

XVII. GRAVITATIONAL FIELD OF PHOTON

Photon itself creates no gravitational field. But the
source of photon emission creates a gravitational field
which emits a gravitational wave. This phenomenon
was studied by different workers in different times.
We shall try to include some such works in this

section.

It is seen that the gravitational properties of photon
have been illustrated in [173,174]. Also, some studies
of gravitational fields were made by Kramer [175]. In
the work [176] the gravitational field due to the
circulating flow of electromagnetic radiation of a uni-
directional ring laser is found by solving the linearized
Einstein’s field equations at an interior point of the
[177] the

gravitational field of two identical counter-moving

laser ring. In the work stationary
beams of pure radiation is found in full generality.
Bonnor [29] considered the field of a photon on an
infinite straight path. His conclusion is that at the
moment of generation of photon the source of the
photon determines its gravitational field by emitting a
gravitational wave. The photon itself appears to create

no gravitational field.

There are some works related to the gravitational field
of light which were classified as follows—
I.  On the basis of very early approach [178],
II.  On the field of interacting particles and beams
[133,175,177,179,180].
III.  On the gravitational shock waves of massless
[181-183]

consideration is that light can be source of non-

particles and  beams where

linear gravitational waves and lastly,
IV.  On a different approach to the field of a photon
[184].
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Some workers have determined [30] gravitational field
created by a single photon by taking into account the
relativistic mass of the photon as source of
gravitational interaction. Here, discussions have been
made about some aspects related to the photon as an

ultra-relativistic particle.

In [185] space- time geometry of electromagnetic field
in the system of photon has been introduced to unify
electromagnetic field and gravitational field in flat and

curved space-time.

XVIII. APPLICATIONS
Some simple applications of photon have been
mentioned in this section. As an application, the
energy balance of nuclear reactions involving photons
is commonly written in terms of the masses of the

nuclei involved, where the terms are related to -
photons [186].

It is to be mentioned that there are some other
common applications as in the cases of optical

instruments and those related to design purposes.
XIX. CONCLUDING REMARKS

The authors have discussed several works related to
photon available in literature. Some possible areas
where future improvements might occur have been

considered.

The overall discussions presented here show that it is
difficult to attribute a fixed value of any of the
properties of photon. For this reason, it could be
mentioned that photon is important for study in

fundamental physics as well as in electrodynamics.
The purpose of this review has been to introduce the

readers of this subject to the present theoretical and

experimental situation in a nut shell.
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This review is neither exhaustive nor completely

detailed. Trial has been made to present a useful

section of the literature on the topic to the readers.

This would be a helpful starting point for workers

continuing further study.

[11].
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