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Abstract 
Gravitational lensing has become a powerful research tool for exploring the 
distribution of matter and energy in the universe nowadays, as glare pheno-
mena around the Sun and massive galaxies are indeed observed on the Earth. 
What is the physical nature of gravitational lensing effect? Both Newton’s law 
of gravitation and Einstein’s theory of relativity are difficult to physically ex-
plain these glare phenomena. This study points out that the observed glare 
around the Sun and large galaxies is a result or product of the orthogonal in-
teraction of high-energy particles emitted from different star light sources. It 
shows a new physical state associated with abnormal high mass-energy density. 
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1. Introduction 

Gravitational lensing is used as a research tool for exploring the distribution of 
matter and energy in the universe. It can show the redirection or bending of 
light rays traveling in the gravitational field of an object, which is predicted by 
the general relativity and commonly observed near massive objects like the Sun, 
other stars, and distant galaxies. This optical phenomenon is like the refraction 
of light through a lens. However, lens such as glass lens is usually made of trans-
parent material surface for the spherical part of the optical element. There are 
two main differences between a glass lens and a gravitational lens. The former 
has a defined focal point while the latter does not necessarily have a unique focal 
point, but only a focal line [1]. As indicated by Lodge in 1919, who pointed out 
that it is “not permissible to say that the solar gravitational field acts like a lens, 

How to cite this paper: Qian, W.H. (2023) 
On the Physical Nature of Einstein’s Gra-
vitational Lensing Effect. Journal of High 
Energy Physics, Gravitation and Cosmolo-
gy, 9, 383-399. 
https://doi.org/10.4236/jhepgc.2023.92026 
 
Received: February 13, 2023 
Accepted: April 1, 2023 
Published: April 4, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jhepgc
https://doi.org/10.4236/jhepgc.2023.92026
https://www.scirp.org/
https://doi.org/10.4236/jhepgc.2023.92026
http://creativecommons.org/licenses/by/4.0/


W. H. Qian 
 

 

DOI: 10.4236/jhepgc.2023.92026 384 Journal of High Energy Physics, Gravitation and Cosmology 
 

because it has no focal length” [2]. But, as in the Einstein’s 1936 paper, his title 
used the phrase “lens-like” instead of “lens” [3]. Therefore, gravitational lensing 
is well approximated to a lens from an analogical view and widely used as an as-
tronomical detection terminology [4] [5] [6] [7] [8]. 

The first one of mentions about “a massive object capable of bending the trajec-
tory of a light ray due to its strong gravitational field” was made by Erasmus Dar-
win (1731-1802) who was a famous physician and a scientific popularizer [1]. 
Then, some others tried to estimate the effect of bending light trajectories, named 
the gravitational lensing (or lens) since the Einstein’s 1936 paper [4] [5] [6] [7]. 
Obviously, this thought was originated from and influenced by Newton’s gravi-
tational law, because the deflection of light emitted by stars with its particle mass 
can be attracted by a massive object [9]. 

A hundred years ago, two British expeditions measured the deflection of star-
light by the Sun’s gravitational field during a total solar eclipse on May 29, 1919 
and confirmed the prediction made by Einstein’s general relativity (GR) [10] 
[11]. Before the GR proposed, Einstein had published a review on the theory of 
special relativity (SR) and mentioned that the light rays are bent by the gravita-
tional field [12]. Four years late, another paper about the influence of gravitation 
on the propagation of light was published in 1911 [13]. From the two theories of 
SR and GR, he recognized that the gravitational field of the Sun would be strong 
enough to produce a measurable effect on the bending of light by its own field. 
Today, many physicists around the world are involved in studying the conse-
quences, so that the discipline receives the generic name of gravitational lensing 
as a research tool in astronomy and cosmology to examine the deflection of light 
by gravitational field [8] [14] [15] [16] [17]. 

All expeditions and consequences confirmed some effects that are produced 
by a gravitational field on the path of a ray of light traversing a massive stellar 
object. For more details, if the light source is at a right distance and bright 
enough, and if the interposed object is sufficiently massive and close to the line 
of sight, the gravitational field of the interposed object acts like a lens, focusing 
the light and producing some effects such as magnification of sources, image 
distortions, replicating images of a single source, and shifting the apparent loca-
tion of a light source. These four consequences of gravitational light deflection 
are collectively known as gravitational lensing effects [1]. Among them, the 
magnification of light source and shifting the apparent location of light source 
should have a clearly physical explanation rather than give only some optical 
phenomena. However, theoretical answers are currently still insufficient. 

Several years ago, a review article proposed some questions about gravity such 
as the phenomenon of gravitational lensing as well as observed rotational veloci-
ties of stars orbiting the galactic center that are deviating from Newton’s law [18]. 
Recently, another question asked whether the cosmological constant affects the 
cosmological gravitational bending of light [19]. To clarify these questions, this 
paper re-examines the physical nature of Einstein’s gravitational lensing effect 
from three aspects. The first is to explain the difference between the Newton’s 
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gravity and the Einstein’s gravity. The second is to explain the nature of gravity. 
The third is to explain the nature of Einstein’s gravitational lensing effect. At the 
end of the paper, conclusions and discussion are given. 

2. Gravity from Newton and Einstein 

Shortly, gravity is mostly referred as force by the attraction between two objects 
or two particles based on the Newton’s gravitational law. We can see that apples 
or other objects freely fall down to the ground and all planets move around the 
Sun as well as satellites move around its planet. Both of an apple and the Earth 
or both of a planet and a satellite can be seen as two adjacent mass objects. After 
summarized the many works of predecessors, Newton proposed his gravitational 
law in 1687, which stated that any object in the universe attracts any other with a 
force varying directly as the product of their masses and inversely as the square 
of the distance between them [20].  

In symbols, the magnitude of the attractive force ,
m

A BF  is equal to the gravita-
tional constant G multiplied by two masses ( Am  and Bm ) and divided by the 
square of their distance ,A Br . The formula of universal gravitation is, 

, 2
,

m A B
A B

A B

m mG
r
⋅

=F k ,                        (1) 

where k  indicates a vector from the small mass to the large one. The Newton’s 
law from Equation (1) is a statistical or empirical relation because there is a  

statistical constant G. The term 
2
,

A B

A B

m m
r
⋅  physically expresses an area distribu-

tion of two-mass product. Thus, we have not yet known the physical meaning of  
gravitational constant G. During the Newton years, he described the connection 
by only two adjacent objects in the simplest universe. The law of universal gra-
vitation can not only be explained by many natural phenomena, but also has 
been widely used in space science and daily life. In other words, Newton’s gravi-
tational law is extremely successful in its practical applications. 

Newton himself, however, was not satisfied with the characteristics of his gra-
vitational law. He was worried about why an object can act on another distant 
object through a vacuum without any medium to transmit action and force from 
one to the other. He even did not believe that anyone with full competence on 
philosophical issues would fall into this kind of thinking. Newton panicked at 
the explanation of the nature of gravity because it can be very well used in prac-
tice but it is absurdly explained in theory. 

The two basic expressions in Newtonian mechanics are the second law 
m

B Bm=F g  and the law of universal gravitation. Equation (2) can be obtained 
from these two expressions based on their equivalence between m

BF  and ,
m

A BF , 

2
,

A

A B

mG
r

=g k .                          (2) 

In Equation (2), a coefficient G is independent of distance and mass. The 
magnitude of the acceleration g  is determined by the mass density of a large 
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object Am  on a square plane 2
,A Br . Equation (2) shows that it brings the same 

acceleration to every object or particle in the space around the large object so 
that g  is the gravitational acceleration. There are two different masses in 
Newton’s theory. The inertial mass determines the moving state of an object 
under the action of force and the gravitational mass determines the amount of 
gravitational force that an object or a particle feels. Newton’s theory regarded the 
constant proportional relationship between inertial mass and gravitational mass 
(i.e., the universality of gravitational acceleration) as an unexplained coinci-
dence. 

Gravity is not the transmission of momentum in direct contact between ob-
jects or particles, but at a distance. This distance action can only be explained by 
massless gravitons. Gravitons are in a different direction of action from photons. 
Photons point from the Sun to the planets but their acceleration is zero because 
they are massless. So far, however, no gravitons have been detected, and it is dif-
ficult to use gravitons to interpret the present universal structure including evo-
lutional traces of astronomical history, the formation of the Earth-Moon system, 
or the mass and angular momentum distribution of the solar system, also it 
cannot explain the opposite rotations between two adjacent planets [21].  

The person who most directly doubted the nature of gravity was Einstein. He 
argued that gravity is not a force in the traditional sense, but an effect derived 
from geometry or a representation of the curved space-time [22]. The universe 
he understood was not flat, but there was a bending phenomenon, and the es-
sence of gravity was the curvature of space-time. His description of the relative 
motion of large and small objects is as follows: Gravity phenomena such as ap-
ples falling to the ground, the Moon revolving around the Earth are because the 
mass of the Earth makes the space curved near these small objects. The apple 
and the Moon only do inertial motion in the curved space, and light will also 
bend with space near a massive object if some particles constructed light have 
their masses. Thus, cosmic space was imagined as a thin film that can be infi-
nitely compressed. These mass-bearing objects exert pressure on this cosmic 
film, creating a depression. In this way, surrounding objects will move along the 
curved space, showing universal gravity. Einstein described the motion of the 
planets relative to the Sun as the curvature of space-time in relation to the mass- 
energy distribution. However, Einstein did not know the physical causes of iner-
tial motion. 

The actual universe could not be only two objects as described in the New-
ton’s law of universal gravitation. In the solar system, the movement of many 
planets and moons relative to the Sun requires the simultaneous consideration of 
the relationship between them. However, the early study of physical mechanics 
mostly used the isolation view, and the two-body problem could be solved by li-
near methods. Obviously, linear methods are difficult to characterize the space- 
time changes of the universe. Therefore, the accelerated motion of real-world 
matter, such as gravitational acceleration, requires a non-linear theory. 
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After Newton years, beginning in the mid-19th century, physicists gave pas-
sive “vacuums”, the nothingness or void that Newton had complained about, 
into a component of transferring force which is a field, not massless particles, 
such as the geomagnetic field. This had become a new concept in the physics 
community. At the end of 1915, Einstein first described the gravitational field as 
a field equation with a curved space-time in order to describe the relationship 
between large numbers of objects. 

The left-hand side of this field equation is called the Einstein tensor and de-
scribes the geometry of space-time, such as how the curvature of space-time 
changes in different places. On the right hand side of the equation is the product 
of some constants (such as the gravitational constant G and the speed c of light 
in a vacuum) and stress-mass-energy tensors that contain information about 
matter and energy in space-time. These things are the source of the curvature of 
space-time. The equation means that the geometry of space-time and the things 
(mass-energy distributions) in the space-time are tied together by mathematical 
format. 

Einstein’s original model of the universe was unstable [10]. If there is a small 
fluctuation in the universe, it will expand or contract. When he became aware of 
this problem in 1917, an additional term of the “cosmological constant” was 
added to the left of his equation, as the following form, 

4

1 8
2

GR Rg g T
c
π

− + Λ =µν µν µν µν .                  (3) 

This equation is no longer the relationship between Newton’s two adjacent 
particles (objects), but the matter that links all the particles (objects) in the un-
iverse. Where, Rµν  is the curvature term (the Ricci tensor) indicating how 
curved the space is, gµν  is a (3 + 1) four-dimensional space-time metric tensor, 
R is the Ricci number of scalar curvature, Tµν  is the mass-energy metric tensor 
for the distribution and motion of objects, G is the gravitational constant, c is 
the speed of light in a vacuum, and Λ  is a cosmological constant artificially in-
troduced that is proportional to the gauge tensor. The special effect of this con-
stant term is to create some kind of repulsion in the geometry of space to bal-
ance the collapse caused by ordinary gravity. This constant gives space-time an 
inherent tendency to expand. As the cosmological constant is small enough, it 
does not change the theory’s predictions about the motion of the planets in the 
solar system. Einstein’s equations correspond the mass-energy distribution Tµν  
of matter in the universe to the curvature of space-time ( Rµν  and R). Finally, 
Einstein drove the action away from the description of gravity, presenting as a 
product of the shape distortion of space-time. Therefore, general relativity can 
be seen an extension of Newton’s gravity. 

Einstein was entangled in this cosmological constant because the constant 
term has only mathematical validity and no physical significance. When Einstein 
learned of Hubble’s discovery of the observational analysis of “the universe is 
generally expanding,” he admitted that he had made the “biggest blunder” of his 
life with the cosmological constant he had introduced. At this time, Einstein re-
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moved the constant term again. These uncertainties suggest that general relati-
vistic equation came from speculation rather than from mathematical and phys-
ical derivations. 

The cosmological equations of general relativity give the “equivalence prin-
ciple” of the mass-energy and space-time distributions of cosmic matter and do 
not directly reflect the existence of forces. This equivalence principle can answer 
the law of the current motion of celestial bodies in the solar system, which can 
describe the motion of planets relative to the Sun more comprehensively and 
accurately than the Newton’s gravitational law. However, it does not explain the 
astronomical history of the solar system or the formation of astronomical traces. 
It seems that Einstein implied the “force”, directly giving the equivalent rela-
tionship between the “mass-energy or momentum” in space and the object tra-
jectory, using the space-momentum distribution to describe the curvature of 
matter motions. 

3. The Nature of Gravity 

Newton’s law of universal gravitation is a purely empirical summary that reflects 
only the quantifiable quantitative relationship between “mass” and “force”, 
where the force acts at a distance and does not involve the nature of gravity [22]. 
The tricks used by the Earth with its mass to “seduce” the apples on the trees do 
not indicate any physically causality. Newton’s law of gravity simply describes a 
fragment in the life cycle of an apple, in which the apple falls naturally from a 
tree branch. The growth of apples on branches is the result or consequence of 
photosynthesis [21]. Sunlight is the fundamental driving force behind the sea-
sonal cycle of apple trees. The process of conversion between energy and force 
can be described that light energy acts on the apple tree, through photosynthe-
sis (force) and the capillary of apple tree to extract nutrient particles from the 
ground root system to the apple, forming the potential energy and biological 
energy of the mature apple. Apple stores energy, water tower stores energy, ani-
mal muscle stores energy, and spring stores energy, where the storage of these 
energies requires a powerful role (force) to overcome inherent inertia. The re-
lease of artificial satellites is to overcome the inherent mass inertia so that the 
freely moving of artificial satellites exhibits that it has potential energy. After 
that, the prescribed motion of artificial satellites and natural satellites around the 
Earth no longer has the action of other forces including gravity and centripetal 
forces.  

Einstein’s GR expresses the same effect of gravity as like the force of inertia, 
that is, such an equivalence principle expresses the result of gravitational action 
and does not involve the “cause” of gravity. The “short-range line” is derived 
from the effect (the result) of gravity, and is also the motion route (trajectory) of 
objects under the action of gravity. The course of motion of an object itself is al-
so the result of gravity rather than gravity. Therefore, general relativity, in fact, 
from “result” to “result”, reflects only the computable quantitative relationship 
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between “mass” and “trajectory”, and has never involved the mechanism or na-
ture of gravity. 

Newton’s gravity is different from Einstein’s theory of general relativity. The 
law of universal gravitation directly shows the relationship between “mass” and 
“force”, and the “trajectory” of the object is obtained through the force. General 
relativity is the implication of “force” in the field equation, which is the gravita-
tional theory of “no gravity”. Therefore, “mass” and the object’s motion “trajec-
tory” are directly linked, where the mass tells the “motion route” how to bend. 
General relativity completely replaces the effect of gravity with a metric ap-
proach, and then calculates the trajectory of objects, so that the space-time tells 
objects how to move. Therefore, what the two can show is only the result of gra-
vitational action, and the calculation of the quantity is completed, but neither of 
them involves the cause, essence and mechanism of gravitational action. 

The “curvature of space-time” proposed in general relativity, like “gravity”, is 
also a difficult concept to understand. Mass tells space-time how to bend. The un-
iverse must consist of at least two mass objects. In the universe of a very large mass 
object and a very small mass object, there are a large space-time bending around 
the large object and a small space-time bending around the small object, so that 
the space-time bending of a large object has obviously an effect on the space-time 
bending of the small object. Such a space-time curvature has two mass fields. 
Then, a cosmic system composed of multiple objects has multiple mass fields, of 
which the mass field of the largest object (space-time bending) plays a leading role. 
The universe is space-time, so that space-time and matter are one. The concept of 
space-time bending, then, is equivalent to the bending of the universe, which is 
difficult to understand. 

Forces are only reflected in the process of interaction. The interaction is re-
lated to the mass and change in the motion of objects (particles). Relative statio-
nary or apart objects will not produce any interaction due to no force, no matter 
space-time is curved or not. If an object is not subjected to force, it will not move 
or bend. Interactions and forces can occur only between substances that undergo 
relative motion. The most natural way is “collision”, in which the relative mo-
tion of objects (particles) is produced by interaction or forces. 

Now we consider the collision of two objects or two particles interacting with 
each other and examine their consequences. We can pick up a chopstick at 
home, or pick up a branch over a riverbank and then break the chopstick or the 
branch into two pieces with the forces of two hands. In turn, we can also knock 
two chopsticks or two branches combining them together by the forces of two 
hands. Chopsticks and branches are separated or combined under the influence 
of the forces of two hands, which will change in the form and energy of the un-
iverse. The origin of this universe is so simple and surprising. 

The forces of two hands are expressed as AF  and BF , i.e., 

2A
A A A A A A

A

m v m a
r

= +F n k ,                    (4) 

https://doi.org/10.4236/jhepgc.2023.92026


W. H. Qian 
 

 

DOI: 10.4236/jhepgc.2023.92026 390 Journal of High Energy Physics, Gravitation and Cosmology 
 

2B
B B B B B B

B

m v m a
r

= +F n k .                    (5) 

where the term 2m v
r

n  is a mass centripetal force with mass m and velocity v  at 

the n  direction and the term mak  is a force of mass acceleration ma  at the 

k  direction. Two terms ( 2m v
r

n  and mak ) are components of the 

force F . In addition to having mass, all objects (particles) have motion and 
physical characteristics related to energy, including charges (electric charge and 
color charge) and spin or momentum. All objects (satellites and planets) and 
particles or photons have their rotations and orbits, so that every particle in the 
universe has a radius related its moving center.  

The interaction of two forces on a chopstick (or branch) is mathematically a 
cross-multiplication representing as, 

, 2 2i j A B
X A A A A A A A B B B B B B B

A B

m mq v q m a q v q m a
r r

+ − + + − −   
= + × +   
   

n k n kτ .     (6) 

where the stress ,i j
X
+ −τ  is a result of two external forces acting, the letter X 

represents types of result or product, the letters i  and j  denote different 
kinds of object (particle), and the signs + and − indicate different charges of ob-
ject (or particle) in different macroscopic (or microscopic) worlds. 

This stress in Equation (6) is like a description of mass-energy metric tensor 
and the evolutional tendency of object (or particle) motions with space and time  

because the term 
d
d

kv
ma m

t
=k k  spatially shows expansion and contraction of 

objects (or particles) with time. It can be expanded into four terms [23], 

( )

( ) ( )

( ) ( )

( ) ( ) ( )

, 2 2

2

2

(a)

(b)

(c)

. (d)

i j A B
X A A B B A B

A B

A
A A B B B A B

A

B
B B A A A B A

B

A A A B B B A B

m mq v q v
r r

mq v q m a
r

mq v q m a
r

q m a q m a

+ − + −

+ −

− +

+ −

   
= ⋅ ⋅ ×   
   
 

+ ⋅ ⋅ × 
 
 

+ ⋅ ⋅ × 
 

+ ⋅ ⋅ ×

n n

n k

n k

k k

τ

.        (7) 

The physical meaning of the stress will be given in later. Among the four 
terms (a, b, c, and d), the last three terms contain the acceleration a . Thus, the 
role of the terms ( )A A A Aq m a+ k  and ( )B B B Bq m a− k  is to make the universe ex-
pand or contract at an accelerating rate, which does not exist in Equation (3) of 
the general relativity and in Equation (1) of the gravity. 

Removing the terms of expansion and contraction of the universe from Equa-
tion (7), the remaining term (the 1st term) is like Einstein’s cosmological equa-
tions. The difference between them is simply the vector form versus the tensor 
form, when they describe the universe. Einstein was also involuntarily involun-
tary in the inhibition of the contraction and expansion of the universe in the 

https://doi.org/10.4236/jhepgc.2023.92026


W. H. Qian 
 

 

DOI: 10.4236/jhepgc.2023.92026 391 Journal of High Energy Physics, Gravitation and Cosmology 
 

course. Therefore, the previous theories from Newton’s gravity to Einstein’s 
general relativity were all groping or testing the real world. 

Physically, gravity is a quantitative description of the mass inertial motion or 
mass-energy distribution of all objects (particles) preserved since the beginning 
of astronomical evolution, rather than the interaction between them through 
forces. This property can be extracted from Equation (7) and physically de-
scribed from the first term (a). 

( ), 2 2A B A B
G A B A B

A B

m mv v
r r

   
= ⋅ ⋅ ×   
   

n nτ .                (8) 

where the term ,A B
Gτ  indicates the stress acted by the two external forces or the  

two mass centripetal forces ( 2A
CA A A

A

m v
r

=F n  and 2B
CB B B

B

m v
r

=F n ) on two ob-

jects (A and B). The stress’s vector is perpendicular to the plane of the two mass  
centripetal forces. At this moment, unlike charges ( 0A Bq q+ −⋅ = ) and mass acce-
lerations ( 0A Ba a= = ) are not considered in Equation (8). 

If the two external forces are perpendicular to each other, the modulus of 
stress reaches its maximum, i.e., 

( ) ( )
( )

2 2
, 2 2 .A BA B A A B B

G A B
A B A B

m mm v m v v v
r r r r

⋅   
= ⋅ = ⋅    ⋅   

τ             (9) 

It represents the distribution of mass-energy density per unit area. Up to now, 
we can explain the stress physically. Two objects (A and B) interact with each 
other by forces. To resist the action of object B, the internal structure 
(mass-energy distribution) of object A will immediately change, forming an ab-
normal mass-energy density. When two objects collide, they locally form a 
common mass-energy density. We only know that the mass-energy density is  

( ) ( )
( )

2 2 A B
A B

A B

m m
v v

r r
⋅

⋅
⋅

 at the area ( )A Br r⋅  before they perpendicularly collide. At  

the moment of collision, the same mass-energy ( )( )2 2
A B A Bv v m m⋅ ⋅  will concen-

trate at a very small space. Under abnormal mass-energy density, a new form of 
matter will appear in local space. Therefore, the modulus of stress is not a force 
in physics, but a mass-energy density. During this process, nuclear fusion may 
occur, i.e., mass is converted into huge amounts of energy even a strong light 
can locally be produced.  

Making a slight change to Equation (9) it is connected to Newton’s gravity 

( ) ( ) ( ), 2 2 2 2
,

A B mA B
G A B A B A B

A B

m mv v G G v v G F
r r

 
= ⋅ = ⋅ ⋅ 

⋅  
τ           (10) 

It can be seen from here that the nature of gravity is not a force, nor is it the 
curvature of space-time, but the distribution of mass-energy density in space. If 
a planet orbits a fixed point (such as the Sun with its mass Am ) following the 
law of inverse distance square, then its orbit must be elliptical. This is a strictly 
mathematical fact because the formation of elliptical trajectories needs to be sa-
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tisfied, i.e., a planet covers the same area of space in the same amount of time no 
matter where it is in its orbit, as described by one of Kepler’s laws. It implies 
from Equation (9) where the ratio 2 2

,B B A Bm v r  or the mass-energy density rela-
tive to the Sun is a constant when the planet B moves around its elliptical trajec-
tory with variable velocity v  and distance ,A Br . The manifestation of mass- 
energy density is associated with mass inertia including potential energy or mo-
mentum (angular momentum) [21] [23]. Equation (9) shows that at the weak 
field approximation, the distribution of mass-energy density can be seen as a 
simplified Einstein equation. 

4. The Nature of Einstein’s Gravitational Lensing 

Equation (6) or Equation (7) should have a wide range of applications from ma-
cro to micro physics, even in astronomy [23]. Here, we only use Equation (8) to 
describe some new physical phenomena near the Sun and massive stars. Einstein 
proposed the special relativity in 1905 with two limitations. It only involves a 
system of uniform speed motion, without considering accelerated motion like as 
in Equation (7) and it does not consider the forces that change the direction of 
the object’s motion, such as centripetal forces. In fact, the motion of the Moon in 
a fixed orbit around the Earth and the orbit of planets around the Sun, are not 
related to the centripetal force or gravity, but to the mass inertia originated from 
the formation of the solar system [21]. 

After the special relativity was proposed, Einstein began to look for a theory 
that could eliminate the above two limitations. Finally, he proposed the general 
relativity in 1915 and published his paper in 1916 [10]. This theory holds that 
gravity is not a force as described in Newton’s theory, but a relative feature of 
space-time [24]. In his new theory, space and time are merged into “space-time”, 
such that space-time participates in the physical processes of a matter motion. 
According to the general relativity, objects with larger masses in the universe, 
such as planets and stars, bend the space-time around them and determine the 
motion of relatively small objects. Thus, objects and light in the universe are 
moving in curved space-time. This concept is difficult to explain in an easy-to- 
understand way, because the curved motion of objects and light is not directly 
related to forces. 

Such a GR theory would be difficult for physicists who study astronomy to 
understand the bending of space-time. Space-time bending is a geometric con-
cept, so such a geometric concept of space-time is best described in mathemati-
cal language. Einstein used the method of space-time geometry developed by 
mathematicians in the 19th century. Thus, he discovered the equation that de-
scribes the motion of mass in the framework of space-time, which is Einstein’s 
equation of the general relativity. 

Although the general relativity’s description of gravity differs from Newton’s 
statistical relationship of particle mechanics, the results of the action of particles 
on other particles are the same. Newton may never have considered the problem 
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of a light beam from an alien star being bended by the Sun’s gravity. But Einstein 
knew before the publication of his new theory that beams of light would be bent 
near the Sun, although he had calculated how little the beams would bend. He 
wrote to an astronomer in 1913 asking if there was a way to observe stars near 
the Sun in sight during daytime. The answer is that the only chance to observe 
these stars is at the time of a total solar eclipse (the Sun-Moon-Earth in a straight 
line). The opportunity for daytime sunlight to be blocked by the Moon is rare. If 
weather is nice when the eclipse, you will see the brightness of stars which ap-
pear around the Sun just like nighttime. 

Einstein proposed the inference of whether the light of a star can be bent by 
the gravitational pull of the Sun and hoped to compare with observations. In 
comparison, with photographs of stars taken during eclipses (the Sun and the 
Moon were located between the Earth and a distant star) and identical stellar 
photographs taken at night (the Sun and the Moon were not located between the 
Earth and the star), positions of stars should appear to be skewed. If the position 
of a star in the two pictures drifts, it means that the Sun’s gravitational field is 
bending the light emitted from the star in Figure 1. 

The outbreak of World War I prevented a German astronomical expedition 
from observing a total solar eclipse in Russia’s Crimea region on August 21, 
1914. Then a total solar eclipse occurred in 1918, but the sky was covered with 
dark clouds, which frustrated the observation plan of the U.S. Naval Observatory.  
 

 
Figure 1. The Earth, the Moon, the Sun, and a real star B are along a dash-dotted 
straightline during a total solar eclipse while point A is the apparent position of the star 
observed from the Earth. The point C or C’ is the position where the Sun’s particle inte-
racts orthogonally with the star B’s particle. The solid-black line is the bending path of a 
stellar particle as determined by Einstein’s GR theory. The solid-line arrow indicates the 
particles emitted by the Sun. The dashed-line arrow indicates the particles emitted by the 
real star B. The dotted-line arrows indicate the particle path emitted by the real star B but 
curved and captured by the Sun’s gravity at the point D. The point E indicates the 
head-on (180-degree) collision of two particles emitted by the Sun and the star B respec-
tively while at the point F the collision angle of two particles is larger than 90 degrees. 
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British researchers had another opportunity on May 29, 1919 [25]. By then, 
Einstein had completed the creation of general relativity and predicted that the 
degree of bending light was twice as large as the result of his previous hypothe-
sis. Two sets of British observations came from Sobral in South America and 
Principe in Africa [11]. The analysis of the observational data is shown like the 
path of starlight in Figure 1 radiating from the real location of star B. Thus, as-
tronomers declared that observations from both places show almost no doubt 
that the Sun’s gravity does bend the surrounding light, and that its curvature is 
consistent with the results given by Einstein’s theory of relativity. This predic-
tion of general relativity, confirmed by independent measurements of two very 
distant locations, greatly persuaded the scientific community to believe in the 
correctness of this theory. 

In Newton’s theory and Einstein’s theory, the gravitational field exists in every 
corner of space so that all matters cannot escape the shackle of gravity. As light 
travels through the powerful gravitational field of the Sun, the path is deflected 
toward the Sun as shown in Figure 1 by the dotted-line arrow. As the intensity 
of the gravitational field is known, the optical path deflection can be calculated 
or predicted. According to Newton’s theory, the magnitude of gravity is propor-
tional to the two-mass product of the Sun and a stellar particle. Under a strong 
solar gravitational field, a stellar particle that reaches the front side of the Sun 
should be captured by the Sun’s gravity and cannot be observed by Earthlings. 

Chandrasekhar cast doubt on Einstein’s gravity of the Sun altering the curva-
ture of stellar light [26]. He argued that it is only a corollary and not any precise 
prediction based on the theory so that it relies solely on the empirical fact that 
the stellar light is affected by gravity. He further noted that so far there has been 
no verification of any precise features of general relativity in observations, nor 
for some time to be expected in the future. 

In Figure 1, we compare the results of Newton’s gravitational attraction, Eins-
tein’s theory of relativity, and the collision from multiple-angle interactions be-
tween a Sun’s particle and a stellar particle during a total solar eclipse. If a par-
ticle emitted from the star B reaches the Sun’s Newtonian gravitational field, its 
path follows the dotted-line arrow. The particle velocity of radiating from the 
star B to the Sun is accelerated when it enters the Sun’s gravitational field. It fi-
nally falls into the Sun at the point D along the path of curved dotted-line arrow. 
The particle of star B does not focus near the point C, so that the people on the 
Earth cannot observe any light spot emitted from the star B based on the New-
ton’s gravity. 

The mass and velocity of particles emitted by the star B are certain. According 
to the GR theory, the curvature of space-time caused by the Sun’s mass is also 
certain. When a distant star particle reaches the curved space-time near the Sun, 
the particle path is certain. Particles of distant stars will not form a focus due to 
the action of the Sun’s gravitational lensing along the bending path, so there will 
be no concentrated particles to form high mass-energy density at the point C. 
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However, bright spots were really observed at the point C. So, what is the real 
reason for forming the highlights? The Sun is also a luminous star. Both the Sun 
and the distant star B emit their particles in the surrounding space, respectively. 
Of these, a portion of the particles emitted by the star B reaches the Sun directly. 
In the periphery of the Sun, the interaction happens between particles emitted 
respectively by the star B and by the Sun. According to Equation (8), changes in 
the angle of collision between particles form changes in energy density. Only 
when a particle of the star B collides orthogonally with a particle of the Sun, such 
as at the point C or at the point C’, the mass-energy density of the collision can 
be described by Equation (9), in where the mass-energy density reaches the 
maximum. The mass-energy ( ) ( )2 2

S S B Bm c m c⋅  with the mass Sm  and speed 

Sc  of Sun’s particle as well as the mass Bm  and speed Bc  of star B’s particle is 
originally distributed on an area ( A Br r⋅ ) so that the original mass-energy density 
is ( ) ( ) ( )2 2

S S B B A Bm c m c r r⋅ ⋅ . But, after the perpendicular (or 90-degree) collision 
the same mass-energy ( ) ( )2 2

S S B Bm c m c⋅  is concentrated in a very small three- 
dimensional space point C (or C’) so that its mass-energy density 

( ) ( )2 2 3
r S S B BE m c m c r= ⋅                      (11) 

is extreme high because the length r of the space point C (or C') is very small. 
For the situation, a Sun’s particle is collided with the particle emitted from the 

star B at the point E in opposite directions along the same straight line. The total 
mass-energy of head-on (180-degree) collision at the point E is the sum of their 
respective mass-energy [27], i.e., 

2 2
E S S B BE m c m c= + .                     (12) 

If the collision angle is larger than 90 degrees at the point F or the collision 
angle is less than 90 degrees for those points located between the point C and the 
Earth, the mass-energy density should be  

( ) ( )2 2

3 sinS S B B
r

m c m c
E

r

⋅
= ⋅α α .                  (13) 

where, the letter α  is the collision angle between two particles emitted from 
the star B and the Sun. Thus, at any place of the Sun’s section such as at the 
point F, the mass-energy density is less than that at the points C and C’, namely 

r rE E<α . 
During a total solar eclipse, people on the Earth can observe the strongest 

light at the point C or the point C’. It is the position of the maximum mass- 
energy density generated by the orthogonal collision of particles. This bright 
spot (high mass-energy density) location is related not only to the particles emitted 
by the star B, but also to the particles emitted by the Sun. The position of the 
distant star was seen as at the point A by people on the Earth is an illusion. Two 
basic features of the gravitational lensing effects including the magnification of 
light source and shifting the apparent location of the light source are really the 
consequence of perpendicular collision or 90-degree interaction between par-
ticles emitted respectively from a distant star and the Sun. This is the physical 
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nature of Einstein’s gravitational lensing effect. People can observe a strong light 
ring passing the point C and surrounding the Sun, which is also named the Eins-
tein’s ring, during a total solar eclipse.  

5. Conclusions and Discussion 

During a total solar eclipse, it is a fact that the apparent light around the Sun 
observed on the Earth in the early 20th century is related to light effect of par-
ticles emitted by distant stars behind the Sun [11]. Similarly, it is also true that 
the Einstein ring around massive galaxies detected by astronomical instruments 
in recent decades is also related to the particles emitted by distant objects behind 
them [28] [29]. These optical phenomena observed from astronomical space 
should work on the same physical principle, but they are difficult to verify in a 
laboratory. 

In astronomy, there are two major theories that are the Newton’s law of uni-
versal gravitation and the Einstein’s theory of relativity. If photons have no mass, 
neither the Newton’s law of universal gravitation nor the Einstein’s theory of re-
lativity can be used to explain the enhanced bright spots that appear around the 
Sun. The Newton’s expression of gravity must include a massive star of the Sun 
and an alien particle with its mass. In the Einstein’s theory of general relativity, 
massless photons emitted from a distant star and only entered the curved space- 
time of the Sun cannot exhibit the gravitational lensing effect.  

In the early days after the advent of the Newton’s law of universal gravitation, 
there were some speculations about the influence of the Sun’s gravity on the 
light path from distant stars. But the gravitational field always causes particles 
from distant stars to fall into the Sun, so that enhanced bright spots cannot be 
created around the Sun based on the Newton’s law. Since the introduction of 
Einstein’s theory of relativity, the gravitational lensing effect has been observed 
in two periods. One is the early observation of the gravitational lensing effect 
showed that light spots occurred around the curved space-time of the Sun. Anoth-
er is a recent observation that the light rings appeared around massive galaxies 
[30]. In principle, the gravitational lensing is different from glass lenses. The 
gravitational lensing does not form the focal point of a light beam. It can only 
guess that distant lights will potentially curve around a massive galaxy but can-
not physically explain the formation of a brightening ring with high mass- ener-
gy density. 

The theoretical study in this paper differs from the actual situation in two 
ways. The first way is that, in the above theoretical study, we only considered the 
interaction between two particles from two different sources. The reality is that 
the particles from star B and the Sun are abundant. But the result of the interac-
tion of the two particles can be fully applied to the latter case for the lots of par-
ticles. The second way is that the theoretical derivation uses low-velocity particle 
interactions within the non-relativistic limit. The actual particle velocity is the 
speed of sunlight and the speed of stellar light. Therefore, the momentum and 
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energy in the actual situation should be considered as relativistic momentum 
and relativistic energy [27]. 

We can apply the orthogonal interaction of solar particles with the particles of 
distant stars to explain the enhanced light around the Sun during a total solar ec-
lipse. The principle of enhanced light is that particles from distant stars collide 
orthogonally (90-degree) with solar particles at a defined position, while at other 
points around the Sun both collide at an angle of less than or larger than 90 de-
grees. The orthogonal (90-degree) collision of particles from different sources 
creates a distribution of high mass-energy density in space. This is clearly ob-
served at the point C or the point C’ where particles produced the orthogonal 
collision are emitted from the Sun and the star B. Similarly, brightness light 
rings that appear around massive galaxies are also the result (or consequence) of 
the orthogonal collision of particle beams from different light sources. Two im-
portant effects of gravitational lensing including the magnification of light source 
and shifting the apparent location of the light source can be explained theoreti-
cally in this paper. 

The artificial construction of the heavy ion collider and the large hadron col-
lider requires a huge cost, and their goal is to produce high abnormal mass-energy 
density by the collision of different particles [31] [32]. The emergence of this 
abnormal mass-energy density is in the hope that new physical phenomena (ex-
treme strong light) and new substances will emerge. To obtain a high mass- 
energy density, a device for the orthogonal collision of two beams of particles 
should be used to instead of the conventional device of collisions along a straight 
line, namely the head-on collision. In fact, during a total solar eclipse, the en-
hanced bright spots around the Sun are an excellent experiment for particle col-
lisions naturally or a natural orthogonal collider [33]. For another optical phe-
nomenon, the Earth’s aurora is formed from the orthogonal collision of solar 
charged particles with geomagnetic ions at the upper atmosphere near the two 
poles [34]. 
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