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Abstract: For the past few decades, scientists are more desperate than ever to unify gravity and
electromagnetism. It is the last missing piece in our picture of grand unification however, in this paper, | want
to express my view about a mathematical possibility that why we may never be able to unify gravity and
electromagnetism. As we will see, gravity and electromagnetism may actually be a same phenomenon, or rather,
the consequence of a same phenomenon. They may unify, but in a higher dimension in which case, we may never
be able to unify them while working in a 4 dimensional space time frame of reference.
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. Introduction

There have been several attempts at creating a unified field theory beginning with the Riemannian
geometry[1][2][3] of general relativity[4][5][6], followed by attempts of Einstein to incorporate electromagnetic
fields into a more general geometry, since ordinary Riemannian geometry seemed incapable of expressing the
properties of the electromagnetic field. However, Einstein was not alone in his attempts to unify
electromagnetism and gravity; a large number of mathematicians and physicists, including Hermann Weyl
[71[8], Arthur Eddington [9][10], Theodor Kaluza [11][12], and R. Bach also attempted to develop approaches
that could unify these interactions. These scientists pursued several avenues of generalization, including
extending the foundations of geometry and adding an extra spatial dimension. When the equivalent of Maxwell's
equations for electromagnetism is formulated within the framework of Einstein's theory of general relativity, the
electromagnetic field energy contributes to the stress tensor and thus to the curvature of space-time, which is the
general-relativistic representation of the gravitational field; or putting it another way, certain configurations of
curved space-time incorporate effects of an electromagnetic field. This suggests that a purely geometric theory
ought to treat these two fields as different aspects of the same basic phenomenon. This is important as Banerjee-
Dzubur Dimensional Impairing Theorem extends this notion and modifies it. Banerjee-Dzubur Dimensional
Impairing Theorem states that if there is an ‘n” dimensional force field F,[13][14][15], imparting a displacement
curve ¢, to the test particle, and if we try to study its effects from a frame of referencemade up of ‘m’
dimensions, (where m is any integer number smaller than ‘n’, i.e. m € [0, n-1]) then, the result obtained will be
consistent with an ‘m’ dimensional force field Fy,, that imparts a displacement curve ¢, to the test particle.
There is no experiment that we can perform, to indicate the fact that it is a higher dimensional phenomenon.
Banerjee-Dzubur Dimensional Impairing Theorem also predicts that two or more same dimensional force fields
of different nature may unify at higher dimensions.

I1.  Mathematical Operators Used

n d ,d ,d ,d d ,dx . . . . . .
1. Let Ay represent o (dt (dt (dt (o R (dt) n times i.e. nth differentiation of x with respect to time.

n 992 9 9 9 9 9% nti i ial di iati i
2. 0y represent P (ax (ax (ax a(ax (gx (a " o (6x3 n tlames i.e. nth partial differentiation of ¢ with respect to x.

3. Oxi.x2.x3,...xn EPresent P (ax2 (ax3 (ax4 (axs (3x6 (o (axn) i.e. nth partial nth partial differentiation of ¢

with respect to x1, x2, x3, x4,..... xn.
Note: Neither 4, nor a, follow the multiplicative equality that is,
(A * (A # A but is = (A")? which implies, A,™ # (AN ™
Similarly, (3,") * (3,") # 8,>" but is = (3,")* which implies, 3,™ # (3,") "

1: Analysis Of Effects Caused By Uni And Multi - Dimensional Forces.

This section deals with the first part of “Banerjee-Dzubur Dimensional Impairing Theorem” — analysis
of how the effect of an ‘n’ dimensional force is perceived, when measuring from aframe of reference which is
capable of supporting ‘n” or more dimensions. We will solve for both cases, (a) when the force is constant and
(b) a varying force [16], which will give the generalized equation for a force field of ‘i’ dimensions where, i =
number of dimensions of the force which will be under consideration.
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Note: During analysis of the forces and its effects, it is assumed that no other forces except for the one which is
under study, is acting on the test particle.

la:Analysis Of One-Dimensional Force And Its Effect.

Let there be aone-dimensional force, represented by the vector F; that imparts a displacement curve
(the curve traced out by the body during its motion under the influence of force ﬁl) ¢4to the test particle. Let the
observed effect be F?l,. The subscripts indicate the number of dimensions of the force, under whose analysis, the

respective vector is introduced. Example: The effect vectorE; indicates that it was introduced under the analysis
of one dimensional forces and hence, must be the effect vector of a one-dimensional force.

la.l. For A Constant One-Dimensional Force

When the force is constant and varies with respect to just distance along a single dimension, then we can
represent the force as,

F1=F (X), p:= ¢(x) where x represents the dimension along which the force varies.

Note: how the number of dimensions the test particle is capable of undergoing displacement in, due to the force,
is equal to the number of dimensions of the force that is acting on it.

Let this force act on the test particle such that it undergoes displacement according to a function ¢; = @(x).
Therefore, effect E; = acceleration of the test particle = %(d(d‘il))

Here, ¢; = ¢(x) because, the force is constant with respect to time. Thus the displacement of the test particle, at a
given distance from the reference frame’s origin, will also be constant. It is eminent in the graph below.

N

+ oo

Force fleld, o (x

N
4

Displacement field "x" + oo

Figure 1.a.1 1-dimensional s\te'ady force field vs displacement curve.

Now, from Chain rule for multivariable functions, [17][18]

gl
de;= i(dx)
d(pl acpl dx
a = ox ) »
Let us deﬁne a velocity function ¥; =¥ (x, t) = (P

Therefore El = ﬂ

Now, d¥; = aﬂ(d X) + aﬂ(dt) as W is a function of both x and t.

d¥1 _ 0VY1 ,dx vl

el
Where, Z24(2) = {"’ COHE)= 0,400

And aq;l So1 {:t (d—x)} =0,1(A,®) as here, ¢, is constant with respect to time t.

or By =< ‘“‘”)} G CIEY + 2 - GO = 02(AN) + 0(A),

Therefore, for a constant one- dlmensmnal force, the effect as observed is
E1= 02AL? + 0 AD).......... Eq(1)

la.2. For A Varying One-Dimensional Force.
When the force varies with respect to time along with displacement along a single dimension, then we can
represent the force as,

DOI: 10.9790/4861-0806024048 www.iosrjournals.org 41 | Page



Banerjee-Dzubur Dimensional Impairing Theorem: Why we may never unify gravity & Electromagnetism.

Fi=F (x, 1), 01 = (X, t). where tis the time dimension.

Note: how again the number of dimensions the test particle is capable of undergoing displacement in due to the
force, is equal to the number of dimensions of the force that is acting on it.

Displacement curve of the test particle is governed by the force acting on it. Since the force in this case changes
with time, thus the displacement function of the test particle also changes with time. It can be seen in the graph
below.

+ o0 AN
Locus at T=t secs
Locus at T=t + dt Secs
Force field, o (x)
o(x) attsecs,forx _]
=c(say)
o(x) att+dtsecs
for same x=c
Vi \
\ =
iz 5S Displacement field "x" + 00 3
v
Figure 1.a.2 1-dimensional varying force field vs displacement curve
Again, from Chain rule for multivariable functions,
do; = Z2(dx) + Z(d)
dtpl 6np1 6np1
" = e ) * o
Therefore the veI00|ty function in this case will be,
- _dot _ do1dxy 991
Fi=¥x0 dt dx dt)+ at
Now,
d¥; = Z2(dx) + S ()
or dﬂ w1 (dx) av1
' odt 91 adx dt 65
Here, ?(;) ( ‘P)}(dt) 5( )}( ) = 0,2(AY)7 + 0  2(A) as here, @y not is constant with respect to
time t.
vl _ 0 dxy 901 cd dx a ¢
and Z COHE) +55 (o (0 + o (50 =0, (AN +0(A) + 8¢

. d¥1
Since El_? )

Therefore, £, = { 5 )}(dt) 2 +2{ M I+ G}

={a(A0) + o }+2{ax,t (A )}+6 (A )

Thus, for a varying one-dimensional force, the effect E is,

E1={02AN*+ 023+ 2{ 0. Z(AD 3+ 0 (AD). ... Eq(2)

This is the generalized equation for the effect of a one-dimensional force.

We can see that, for a constant one dimensional force, any value of d with subscript t will become 0 as ¢ does
not vary with time and thus, 8,2 and d, ; “will become 0 and we will get back Eq(1).

aaq)

1b: Analysis Of Two-Dimensional Force And Its Effect.
Again, let there be a two-dimensional force, represented by the vector F, that imparts a displacement
curve (the curve traced out by the body during its motion under the influence of force F») ¢, to the test particle.
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Let the observed effect be E, . Again, like in previous case, the subscripts indicate the number of dimensions of
the force, under whose analysis, the respective vector is introduced.

1b.1. For A Constant Two-Dimensional Force

When the force is constant and varies with respect to just distance along two dimensions, then we can represent
the force as,

F,=F (X, ¥), 92 = ¢(x, y) where x and y represents the dimensions along which the force varies.

Note: how the number of dimensions the test particle is capable of undergoing displacement in, due to the force,
is equal to the number of dimensions of the force that is acting on it.

Let this force act on the test particle such that it undergoes displacement according to a function @, = ¢(x, Y).

Therefore, effect E, = acceleration of the test particle = ;—t(—d(d‘iz))

Here, ¢, = ¢(X, y) because, the force is constant with respect to time. Thus the displacement of the test particle
(which happens in xy plane), at a given distance from the reference frame’s origin, will also be constant. It is
eminent in the graph below.

®2=@(xy)

X-Y Plane

Figure 1.b.1 2-dimensional steady force field vs displacement curve, view 1.

9z = @lxy)

A

Figure 1.b.1 2-dimensional steady force field vs displacement curve, view 2.

X-Y Plane

Again, from Chain rule for multivariable functions,
dop = Z2(d) + 5(dy)

de2 _ 092 ,d 6 2 ,d
or, =2 + G
Therefore the veIocity function in this case will be,

Y, =¥ (x,y,t)= d;f a("z(dx) 6(p2(dy) as W is a function of X, y and t.
Therefore from soIvrng we get,

2 = 1Y = G CONGY o CONP (D) + oy CON +5- G

2o {dt 3

a2 Bq)Z d ,dx

D) G + SR Gy
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Or, E; = 0,2(A0) 405, A(AO(AY) + 02 (A +0x Y(ANAY) + 8H(A) + 9,1 (A)
Or,E, = {8,2(AN)? + 0,4(AN} + 2{ 05 ,A(ADAD}Y + 0HAD) + 0, AD. ... Eq(3)

1b.2. For A Varying Two-Dimensional Force.

When the force varies with respect to time along with displacement along two dimensions, then we can
represent the force as,

F,=F X, ¥, 1), 92 = 9(x, y, t). where t is the time dimension.

Note: how again the number of dimensions the test particle is capable of undergoing displacement in, due to the
force, is equal to the number of dimensions of the force that is acting on it.

Let this force act on the test particle such that it undergoes displacement according to a function ¢, = ¢(x, y, t).

Therefore, effect E, = acceleration of the test particle = jt d(e2)

Displacement curve of the test particle is governed by the force acting on it. Since the force in this case changes
with time, thus the displacement function of the test particle also changes with time. It can be seen in the graph
below.

P2=Qx v, 1)

curve 2 att=t2

X-Y Plane

Figure 1.b.2 2-dimensional non-steady field vs displacement curve

Again, from Chain rule for multivariable functions,

do,= aq’Z(dx) + a‘pz(dy) + a‘pz(dt) as ¢, varies with time too.
do2 0 2 0 2 d a 2

;t ” (dt) (P R

Therefore here, the velocity function will be

\Pz . (X y, t) _ ddnptZ 6np2(dx) anpz(dy) 6<p2

Therefore, again solvmg, we get,

B, = {52 = (- CON) o (a‘PZ)}(dt) )+ - (‘W)}(dt) G GG +
G (aa‘iz)}(dy) e ("‘PZ)}(dt) 2 (j’;;)} {at ("“)}(j%) = {dt CRIRE 2 ("""2)

= 0,/(Ax )+0xy(A )(A o+ 0, H(AL) + 0A(A)HDx (A )(A )+ayt(A B+ 0y A + 0HAY) + 0y,
t(A¥)+a (A¥)+at

TOAN) A + 07 2 05 HADAYY) + 0y F(AD) + 0y, A(AD} + 3,HAS) +0,1(A)

Thus,

By {040 +0,A(A) + 03+ 2{ 0, (AN + 3, H(AN) + 8y, A(AN} + 3.0 +9,1(A)) ... Eq(4)

This is the generalized equation for the effect of a two-dimensional force.

We can see that, for a constant two-dimensional force, any value of @ with subscript t will become 0 as ¢ does

not vary with time and thus, 8/, dx . and @, > will become 0 and we will get back Eq (3)

a

d¢2

SO G +

1.c.1. For A Constant Three-Dimensional Force
When the force is constant and varies with respect to just distance along three dimensions, then we can represent
the force as,

F3=F X, ¥, 2), 03 = 0(X, y, z) where x and y represents the dimensions along which the force varies.
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Let this force act on the test particle such that it undergoes displacement according to a function @3 = ¢(X, y, z).
Therefore, effect E; = acceleration of the test particle = —(d(('ﬁ))

Here, @3 = ¢(x, y, z) because, the force is constant W1th respect to time. Thus the displacement of the test
particle, at a given distance from the reference frame’s origin, will also be constant.

This cannot be shown in graph since the displacement function needs a fourth dimension to be plotted.

Again, from Chain rule for multivariable functions,

dgs=2(dx) + 52(dy) + 52(d2)

de3 _ 0¢3,d B 3 ,d 203
ek = o Rl CORo )
Therefore, the veI00|ty function in this case will be,

‘{’szT(x,y,z,t):{%g a‘*’3(0”) a“’:';(‘Zl)t') a<p3(dt) as ¥ is a function of x, y, z and t.

Therefore, we get,

Ea= {0 0= (”3)}(;) +H CENE) &) + (- COME) D) + G GO+ (‘”’3)}(;)(

: (@)}( 2 G0+ G GG +5 GG G ) g(a“”)}(m)( )+ {a (a(ﬂ)}(dt) L &
(”3)}(dt)(

‘0 (A) +0xy(A Y4, )+6xz(A )(A)’ra (A) +0x, Y (ADAYY) + By, (AN + 35(A) +0y,
Z(A )(A )+6yz(A )(A )+6 YA + 0,14y )+6 A

= 0k (A ok +02(A )2+ 0,°(A1) + 20 0, (AAYY) + By, A(ANAY) + By AANANDF + 0 (AD) + 8,1(A)) +
;A7)

Or,

Ey = {0,500 + 0,5(4)) + 0°(A) + 20 0 H(ADAY) + 0y, F(ANAN) + 9, A(ANAN} + (A +
dy (A)+a YAD oo Eq(5)

1.c.2 For A Varying Three-Dimensional Force

When the force varies with respect to time along with displacement along three dimensions, then we can
represent the force as,

F 3=F (X, ¥, 2z1t), p3=0(X, y, z, t). where t is the time dimension.

Note: how again the number of dimensions the test particle is capable of undergoing displacement in, due to the
force, is equal to the number of dimensions of the force that is acting on it.

Let this force act on the test particle such that it undergoes displacement according to a function @3 = ¢(X, y, z,

t). Therefore, effect E5 = acceleration of the test particle = dt(d(d‘pf))
Again, from Chain rule for multivariable functions,
203 a3 a3 a3

dos=—=(dx) + = 5, @+ —(dz) +==(dt)

d 3 a3 6 3 0 3 0 3
or%— P R e R O
Therefore, the velouty functlon in thls case will be,

de3 _ 0¢3,d 203 ,d d¢3 ,d a3

Wi= W (x.y, 2,0 = = S+ NG G o
as ¥ is a function of x, y, z and t
Therefore,
Es—a “(Ax ) +6xy(A )(A )+6XZ(A )(A )+6xt(A )+6 (Azy) +axy(A )(A )+6yz(A )(A )+a

I(A )+6 (A ) +axz(A DAY + 3y A(ANNAY) + 0, (A7) + 06 F(A) + 0 (AE) + 0y, E(Ay) + 0y (D) + 9,

&(A, )+6 (A ) +0¢

Or, E3—{a (A )+ 9 (A )+ 0, (A )+ 0 }+2{6xy(A DAY + a3y, AANAY) + 0y AANALY) + 0y

t(A)+ayt(A)+aZl(A N+ 0, (A0) + 0,1 (A) + 0, (A) o Eq(6)

This is the generalized equation for the effect of a three-dimensional force.

We can see that, for a constant three dimensional force any value of ad with subscript t will become 0 as ¢ does
not vary with time and thus, 82, 9, %, 6y Zand a, 2 will become 0 and we will get back Eq(5).

Summarizing the results obtained in 1.a, 1.b and 1.c, the generalized equations for effect of different
dimensional forces are:
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Table 1.1

1D (A + 07 +2{ 0, (A} +0,1(AS)

2D AN+, AN+ [ +2{ 00, (AN + 05 KA + 3y, LA} | +0,(A0) +9,'(A))
a2

3D 0c(A)” +0,° () + | +2{ 0, (A)(Ay) +0, (A)
9:'(A)" + 0, + 0y, SO + 0, AADAY) + 0y (A | +9,1(4)

+ 0y, tz(Ayl) +0,, tz(Azl)} + azl(Azz)

For which, the respective values of forces and the displacement functions are:

Tablel.2

1D ﬁl =F (X, t) 01 = (p(X, t)

2D Fy=F (XY, 1) D, = (X, y, 1)

3D F)3 =F (X, Y, Z, t) O3 = (P(X’ Y. 2, t)

Note: Here the dimension of time is taken more as a case of varying force rather than a separate dimension.
Nonetheless, the conclusions that will be drawn from the above summary will remain the same even if one
considers time as an individual dimension.

I1l.  The Theorem
2.a:The Impairing
What happens when we try to measure a two-dimensional force from a one-dimensional frame of reference?We
know from Table 1.2 that for a two dimensional force varying with time F,=F (X, y, 1), the displacement curve
is given by @, = ¢(x, y, t) and the effect (from Table 1.1) by E,~ {0,2(A1)2+3,2(A1)? + 023+ 2{ 8, A(A(ALY)
+ 0 2O + 9y, A(ADY + 3,1(AD) +0,5(A,%).However, since we are measuring from a one-dimensional frame
of reference, we can measure displacement along just one dimension (say x). Thus the displacement curve
perceived by us, for the test particle will be ®, = ¢(x, t) which will be the subset of the original displacement
curve. When we will try to see the effect of the force, having only one dimension to work with, we won’t be
able to perceive any displacement or excitation due to the force in the second dimension. We can observe and
perceive only the effects that takes place in the dimension we are measuring in. So, if we are measuring in X
dimension then we can only measure displacements along x. Thus the differential equation for the effect
obtained by us will contain only derivatives that are with respect to x or t (Again note how the dimension of
time is implicitly taken into consideration so as to represent practicality). Thus the equation of the effect
perceived by us will be:E, = { ,2(A0)? + 02 } + 2{ 9, 2(A1) T + 3,1(A,2).As we can see, the equation is same
as equation(2) which is the equation for the effect a one-dimensional varying force, whose imparted
displacement curve on the test particle is given by ¢@; = ¢@(x, t) which, is again same as our perceived
displacement curve @, = ¢(x, t).

Therefore, the results so obtained will actually indicate a one-dimensional varying force. Also, since @, is a
subset of @, that is, all values of ®, lies within the range of ®@,, therefore, the results obtained will also be
consistent with the original phenomenon, F,.Similarly, for a three-dimensional varying force, if we try to
measure from a two-dimensional frame of reference then, the results we will get will be consistent and will
indicate towards a two-dimensional varying force. Building upon the notion, we can see that to measure an ‘n’
dimensional force, we require a frame of reference that supports at least ‘n” dimensions. Else, while measuring
from a smaller dimensional frame of reference, we will perceive the force as an ‘m’ dimensional force where m
is equal to the number of dimensions supported by the frame of reference. Also, we cannot do any
experiment,that can indicate towards the fact that it is actually, a higher dimensional phenomenon. Also note, at
this point, we are capable of understanding the fact that here, time is just used as a dimension against which, the
rates of change are measured. We can measure the rates of change against a different parameter. In that case,
time will be treated just like any other dimensional parameter (X, y, z etc.) and their respective differential
coefficients will switch places.

2.b The Unifying Prediction

Consider a general case of two-dimensional force:

Fo=F (%, ¥, 1), D2 = 0(x, y, ) and E5™ {0/(A0)+0,°(8y')” + 7%+ 2{ 05 AANAY) + 05 F(A) + 0y, &A1)} +
aMAD) + 6y1(Ay2). Say our frame of reference supports only one dimension (excluding time). That is, either we
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can measure along X, or along y, but not both.From the conclusions of (2.a), When measuring along X, the
results obtained will be:

FyX=F (x, 1), ®," = o(x, t) and E;*= { 0,2(AY) + 02 } + 2{ 04 (A } + 9,14(A,2) and when measuring along
y, the results obtained will be:F,¥ = F (y, t), ®,¥ = o(y, t) and E, = { 3, 5(AN)? + 07} + 2{ 9, (AN} +
ayl(Ayz).As we can see, both the results are consistent with the original phenomenon i.e., ®,* and ®,” both are
subsets of @, and E,* &E,” both are constituents of E, thus we will perceive both of them as two dimensional
forces that is varying with time however, they won’t be similar. i.e. generally, F, X2 F,Y, @, +®,Y and E,* #
E,”. Therefore, they might be perceived as two different individual 2-dimensional forces that varies with time
and we would not be able to perform any experiment that can hint to the fact that they are actually a
manifestation of a single higher dimensional force, that they unify, in higher dimension.One might argue that for
this to be a valid argument, the measurement axes x and y must be different from each other to which the answer
will be no! the important concept here is how we can divide higher dimensional phenomenon into different
lower dimensional phenomenon. Think the above example like this, there is a 2-dimensional phenomenon, with
one component along x axis and one along y axis. We just have a 1-dimensional frame to measure with. So we
try to measure the x component with our 1-d (one dimensional) frame and then, we try to measure the y
component. We perceive them as different phenomenon. We can also take two 1-d frames and measure the x
component with one and the y component with the other. We will still perceive them as different. The frame
from which we are measuring is not changing, it remains the same. Measuring with two 1-d frames at a time is
not same as measuring with one 2-d frame. The phenomena we are measuring might just be a component of a
higher dimensional phenomena.

2.c: Analogy: With Special & General relativity:

Special [19][20][21]&General [22] relativity tells us that one cannot perform any experiment to tell
about the absolute state of motion [23] of any particle. One can only tell its state of motion, relative to a frame
of reference. Similarly, Banerjee-Dzubur Dimensional Impairing Theorem puts a restriction on the absoluteness
of a force field. One cannot say with absolution, the properties of a force field acting on the test particle, and
likewise differentiate a force field from other, all one can do is define and differentiate the force fields, with
respect to the frame of reference of the measurement.

2.d: Does It Contradicts The Unified Field Theory?

Not necessarily. From Higgs mechanism [24][25][26] to spontaneous symmetry breaking[27][28][29],
allproperties and mechanism are tied to the 4 dimensional spacetime. It is how we perceive,how the respective
fields and particles interacts however, it may or may not interact in the same way, when studied from a higher
dimensional frame of reference. According to Banerjee-Dzubur Dimensional Impairing Theorem, we will never
know whether how we perceive these interactions, are the actual phenomenon or just a truncated part of the real
one, until and unless, we re-perform the experiments from a frame of reference, which supports higher number
of dimensions than the 3 spacial and 1 temporal dimensions of the spacetime we seem to know and love.

2.e: Conclusion — Banerjee-Dzubur Dimensional Impairing Theorem

Banerjee-Dzubur Dimensional Impairing Theorem thus concludes the following three statements.

1. No force field can ever be defined completely with absoluteness. It can only be defined, with respect to
some frame of reference

2. An ‘n’ dimensional phenomenon may not be perceived fully, depending upon the number of dimensions
supported by the frame of reference used for the analysis of the phenomenon. It is perceived as an ‘m’
dimensional phenomenon instead where, m is equals to n if, the frame of reference used for analysis of the
phenomenon is capable of supporting number of dimensions greater than or equals n else, m is equals to the
number of dimensions the frame of reference used for the analysis of the phenomenon, supports.

3. The results so obtained in the afore mentioned case will be always consistent with the original phenomenon
and we cannot perform any test or experiment, that will indicate to the fact that it is indeed a higher
dimensional phenomenon.

4. Two different kinds of, but similar dimensional phenomenon, may unify at a higher dimension.

DOI: 10.9790/4861-0806024048 www.iosrjournals.org 47 | Page



Banerjee-Dzubur Dimensional Impairing Theorem: Why we may never unify gravity & Electromagnetism.

1.

[21.
[3].
[4].

[5].
[6].
il

8.
[o].

[10].

[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].

[21].
[22].
[23].
[24].
[25].
[26].
[27].

[28].
[29].

References
C. Lanczos, A Remarkable Property of the Riemann-Christoffel Tensor in Four Dimensions. Annals of Mathematics, 39(4), second
series, 842-850, 1938.
P. Petersen, Riemannian Geometry, Springer-Verlag New York, 2016.
J. M. Lee, Riemannian Manifolds: An introduction to smooth curvature, Springer-Verlag New York, 1997.
Ferraris, M. & Kijowski, J., Unified geometric theory of electromagnetic and gravitational interactions, Gen Relat Gravit, 14: 37,
1982
S. M. Carroll, Spacetime and Geometry: An Introduction to General Relativity, Addison Wesley, 2004.
R. M. Wald, General Relativity, University of Chicago Press, 2010.
Weyl, Hermann, How Far Can One Get with a Linear Field Theory of Gravitation in Flat Space-Time, American Journal of
Mathematics 66.4: 591-604, 1944.
E. Scholz, Hermann Weyl, Purely Infinitesimal Geometry, Birkhduser Basel, 1995.
Eddington, A. Stanley, Sir, The mathematical theory of relativity, Cambridge, [Eng.]: 1923.
A. Eddington. A Generalisation of Weyl's Theory of the Electromagnetic and Gravitational Fields. Proceedings of the Royal Society
A: Mathematical, Physical and Engineering Sciences. 1921.
D. Wuensch. The fifth dimension: Theodor Kaluza's ground-breaking idea. Ann Phys. ;12(9):519-542, 2003.
Kaluza, Theodor, Zum Unitatsproblem in der Physik. Sitzungsber. Preuss. Akad. Wiss. Berlin. (Math. Phys.): 966-972, 1921.
McMullin, E. Phys. perspect. 2002, 4: 13. doi:10.1007/s00016-002-8357-5
J. Gribbin, Q is for Quantum: Particle Physics from A to Z. London, Weidenfeld & Nicolson. p. 138. 1998.
R. Feynman. “The Feynman Lectures on Physics Vol II”. Addison Wesley Longman, 1970.
Halliday, Resnick, Walker, Physics for Jee (Main & Advanced) - Vol. 2, Wiley India Private Limited, 2014.
B. George. Thomas Jr., D. Maurice. Weir, Thomas' Calculus, Addison Wesley Longman, 2004.
N. Piskunov, Differential and Integral Calculus, MIR Publishers, Moscow, CBS; First edition, 1996.
D. Newman, G. Ford, A. Rich, E.Sweetman, Precision Experimental Verification of Special Relativity. Phys Rev Lett. 1978.
A. Einstein,Zur Elektrodynamik bewegter Korper", Annalen der Physik 17: 891, 1905; English translation On the Electrodynamics
of Moving Bodies by G. B. Jeffery and W. Perrett, 1923.
A. Einstein, Zur Elektrodynamik bewegter Korper, Annalen der Physik 17: 891, 1905; English translation On “the Electrodynamics
of Moving Bodies” by M. N. Saha, 1920.
O'Connor, J.J. and Robertson, E.F, General relativity. Mathematical Physics index, School of Mathematics and Statistics, University
of St. Andrews, Scotland. 1996.
Julian B. Barbour, The Discovery of Dynamics: A Study from a Machian Point of View of the Discovery and the Structure of
Dynamical Theories, Oxford University 2001.
G. Bernardi, M. Carena, and T. Junk, Higgs bosons: theory and searches, Reviews of Particle Data Group: Hypothetical particles
and Concepts, 2007.
W. Anderson, Plasmons, Gauge Invariance, and Mass, Physical Review. 130 (1): 439-442. 1962.
P. W. Higgs, “Broken Symmetries and the Masses of Gauge Bosons, Physical Review Letters. 13 (16): 508-509,1964.
V. A. Miranskij, Dynamical Symmetry Breaking in Quantum Field Theories,Wspc, Pg 15, 1994.
H. Arodz, J. Dziarmaga, W. H. Zurek, Patterns of Symmetry Breaking, Springer Netherlands, 2003.
J. Cornell, Bubbles, VVoids and Bumps in Time: The New Cosmology, Cambridge University Press, 1992.

DOI: 10.9790/4861-0806024048 www.iosrjournals.org 48 | Page



