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What you will know from this talk?

Introduction

Framework

Modern Approach

Closing Remarks

AIM of this talk: To introduce how Kaluza’s idea on unifying EM
with gravitation shaped into Kaluza-Klein theory
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Introduction
o

History

History

1919 (proposed) (physical touch)

& | Kaluza-Klein Theory* I

Nordstrém (1914)
Add-on to Kaluza's hypothesis

Sent his hypothesis to Einstein

[Kaluza, 1921] [Klein, 1926]

On 21 April (1919) Einstein writes [O'Raifeartaigh and Straumann, 1998],

“The idea of achieving [a unified theory] by means of a five-dimensional
cylinder world never dawned on me... . At first glance | like your idea
enormously”

Photos credit: Theodor Kaluza (left) and Oskar Klein (right), photos taken from Science Photo Library (left), Oskar Klein Center (right)
*It was first used in 1933 by Oswald Veblem.
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Introducing Kaluza's Framework

Kaluza's Preliminary ldea

d?xH o dx” dx?

W V‘SWF = 0 := worldline of a test particle in gravitation field is geodesic

1
H= 7gprﬂp,, :=—= Assuming a Hamiltonian
2m0

where myg is the rest mass of the particle, p,, are canonical momenta conjugated to
the coordinates x* and u,v € {0,1,2,3}. Metric signature (— + ++).
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Introducing Kaluza's Framework

Kaluza's Preliminary ldea

dxt L dxdx® . o o .
W V‘SWF = 0 := worldline of a test particle in gravitation field is geodesic

1
H= 7gprﬂp,, :=—= Assuming a Hamiltonian
2m0

where myg is the rest mass of the particle, p,, are canonical momenta conjugated to
the coordinates x* and u,v € {0,1,2,3}. Metric signature (— + ++).

WHY WE CHOOSE HAMILTONIAN?
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Introducing Kaluza's Framework

Kaluza's Preliminary ldea

dxt L dxdx® . o o .
W V‘SWF = 0 := worldline of a test particle in gravitation field is geodesic

=5 “Vp#p,, :== Assuming a Hamiltonian
mo

where myg is the rest mass of the particle, p,, are canonical momenta conjugated to
the coordinates x* and u,v € {0,1,2,3}. Metric signature (— + ++).
WHY WE CHOOSE HAMILTONIAN?

Using this fact

8ugl/6 = _gyp(augpa)g05

Using Hamilton equations

dx*  OH dp, oH

= = , = ——— — provides Geodesics equation
dr  Op, dr OxH provi s equat
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Introducing Kaluza's Framework

Kaluza's ldea

? :=> TRYING to see the worldline of a test charged particle with charge
g and rest mass mg # 0 in gravitation field and an electromagnetic field :
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Introducing Kaluza's Framework

Kaluza's ldea

? :=> TRYING to see the worldline of a test charged particle with charge
g and rest mass mg # 0 in gravitation field and an electromagnetic field :
geodesic is the projection on the 4D spacetime of a 5D space
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Introducing Kaluza's Framework

Kaluza's ldea

? :=> TRYING to see the worldline of a test charged particle with charge
g and rest mass mg # 0 in gravitation field and an electromagnetic field :
geodesic is the projection on the 4D spacetime of a 5D space

1
H=_—g" (pﬂ — gA#> (pl, — gAl,> 1= Assuming a new Hamiltonian
2mg c c

1 v 9)? v
~ 2mo {g“ pupe — 22 A%+ (1) A“AM] A= glA,
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Introducing Kaluza's Framework

Kaluza's ldea

? :=> TRYING to see the worldline of a test charged particle with charge
g and rest mass mg # 0 in gravitation field and an electromagnetic field :
geodesic is the projection on the 4D spacetime of a 5D space

1
H=_—g" (pﬂ — gA#> (pl, — gAl,> 1= Assuming a new Hamiltonian
Cc C

2mg
1 1024 12 q 2 © - AR = KV
_ 2m g pMpV—Z A p“ (E) A AN . A =8 AV
WAIT WAIT!
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Introducing Kaluza's Framework

Kaluza's Idea
? :=> TRYING to see the worldline of a test charged particle with charge
g and rest mass mg # 0 in gravitation field and an electromagnetic field :
geodesic is the projection on the 4D spacetime of a 5D space

1
H= —g“” (Pﬂ - gA#> (pl, — gAl,> :=— Assuming a new Hamiltonian
2mg c c

1 v q\? v
= 2m |:g# p/ipl/_2 A’Lpu (E) A”AM:| '_'A‘uEg‘u A,

WAIT WAIT! Assuming geodesic is the projection on the 4D spacetime
of a 5D space

1
H= Z—g Bpaps  := Defining Hamiltonian : A, B € {0,1,2,3,4}
m

1 N N .
= m [gﬂ PupPy + 2g”4pup4 + g44p4p4} :=— expanding E E
0
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Introducing Kaluza's Framework

Kaluza's ldea

Comparing BOTH

1 .0 N X
H = 5 8" Pupy + 28" pups + 8" paps]
mo

AND

H:i ng p _QQAMP +(g)2AﬂA
2mo piv st R c "

YIELDS

2
g =g, o= —Ta ippe= (1) aa,
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Introducing Kaluza's Framework

Kaluza's Cylinder Condition

» Components g"” and A* are function of x”

» Thus assumes 48 (also gag) are function of x* because new
coordinate x* does not appear in our new Hamiltonian.

Conclusion,

Metric tensor 48 does not depend upon fifth dimension (x*) I
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Introducing Kaluza's Framework

Kaluza's Cylinder Condition

» Components g"” and A* are function of x”

» Thus assumes 48 (also gag) are function of x* because new
coordinate x* does not appear in our new Hamiltonian.

Conclusion,

Metric tensor 48 does not depend upon fifth dimension (x*) I

— Kaluza's (arbitrary) cylinder condition i.e. 04848 =0 =
84A/L =0, 843—;”/ =0
> x*'s conjugate momentum p* has a constant motion.
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Introducing Kaluza's Framework

Kaluza's Hypothesis Mathematical Construct

8o 801 82 &0 Ao
goo  go1 - Eo2 - £03 goo go1 802 8oz Ai

(Ad AL A A3) & oo Bor 8oz 803 | | gy g g2 g3 A
8oo 8o1 8o2 803

goo Zo1 802 &3 A3

8oo 8o1 8o2 803 Ao AL Ay As ?

A gu g4
So, gas = (& )
8AB (g

4 Baa

New Notations Alert: < defined as in-cooperating EM vector field by GR and <
defined as in-order to in-cooperate EM with GR, the resulting tensor should be
symmetric tensor. I've defined it to make everything in one slide. Please do not take it
seriously! ©
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Introducing Kaluza's Framework

Kaluza's Idea Continued
Thus,

g =g, gt = kAl B = A,

» k is constant such that x = quc

> Add 1 to k?A*A,, such that matrix g8 is non-singular i.e.
det(g*%) # 0

~

g;w _ g,uu7 é_,u4 — —liA”, g,44 =14 KJZA“AM
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Introducing Kaluza's Framework

Kaluza's Idea Continued

Thus,

» k is constant such that x = quc

> Add 1 to k?A*A,, such that matrix g8 is non-singular i.e.
det(g*%) # 0

g\_;w _ g,uu7 é_,u4 — —liA”, g,44 -1 + KJZA“AM

Using the fact that g48gac = 02, the inverse of g5 must be given by
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Introducing Kaluza's Framework

Kaluza's Idea Continued
Thus,

guu _ g/u/ g,,uA _ —ISJAM, g44 _ HZAMA#

» k is constant such that x = quc

> Add 1 to k?A*A,, such that matrix g8 is non-singular i.e.
det(g*%) # 0

g\_;w _ g,uu7 é_,u4 — —liA”, g,44 -1 + KJZA“AM

Using the fact that g48gac = 02, the inverse of g5 must be given by

g;w =8uw + K/2A/,LAV7 gu4 = HA;M 8aa=1

Damodar Rajbhandari | STHIET TTTHUSTIN | @@I@d AZ3a@El. | (firstname) ©PhysicsLog.com Jagiellonian University | 21 Jan

A Beginning for the search for a Theory of Everything- Kaluza-Klein Theory


https://www.physicslog.com/author

Framework
0O00000e00

Introducing Kaluza's Framework

Metric of the 5D space

INSERTING ., = g + K2A,A,,  Bua = kA, Baa=1IN

d$? = gapdxdx® = g, dx"dx” + 28,,4dx" dx* + gaqdx* dx*
- d8% = gy dxtdx” + (dx* + kA, dx*)?

WITH signature (— + + + +)
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

5thD

Hime

compactification
- >

wixs

3-space
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

5thD
Hime
compactification
-
wixs'
3-space
4, 1 3 1
i X
~_fime s fime s
_ fifth dimension —

-space - - — -Space
Bsp is periodic & quantum scale Fsp

Classically, which is appropriate space M®) or M(*) x 81 as ground state?
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

5thD
Hime
compactification
-
wixs'
3-space
4, 1 3 1
i X
~_fime s fime s
_ fifth dimension —

-space - - — -Space
Bsp is periodic & quantum scale Fsp

Classically, which is appropriate space M®) or M*) x 81 as ground state? Hard to
decide!!! Both has zero energy [Witten, 1981]

rstname) @PhysicsLog.com
Kaluza ]. 1 of 32
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

* Fifth dimension should be periodic and very small
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

* Fifth dimension should be periodic and very small (Not notice in
everyday experience)

* Assume 244 to be scalar field ¢ on M) instead of constant i.e. 1.
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

* Fifth dimension should be periodic and very small (Not notice in
everyday experience)
* Assume 244 to be scalar field ¢ on M) instead of constant i.e. 1.

¢ is also called Brans-Dicke Scalar [Witten, 1981] or Dilaton
[Pope, 2003].
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Introducing Kaluza's Framework

Klein's add-on to Kaluza's Hypothesis

* Fifth dimension should be periodic and very small (Not notice in
everyday experience)

* Assume 244 to be scalar field ¢ on M) instead of constant i.e. 1.
¢ is also called Brans-Dicke Scalar [Witten, 1981] or Dilaton
[Pope, 2003].

* 0, can be think of killing vector associated with spacetime isometry
ie. x* = x*+eVecR

84§AB =0 = (&;gm, = 0, (94A# = 0), 34(,25 =0

— Kaluza’s refined cylinder condition [Klein, 1926]
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On the language of Differential forms by [Thiry, 1948]

Digression

We'll follow a different approach than the Kaluza's original way of using
Einstein tensor notation (See [del Castillo, 2019])
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On the language of Differential forms by [Thiry, 1948]

Digression

We'll follow a different approach than the Kaluza's original way of using
Einstein tensor notation, following the philosophy of Amy’s Ice Cream:

Life is uncertain. Eat dessert first.
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Digression

Exterior (or

Start with meaningless symbol dx?, ..., dx"
Exterior product A: dx’ Adx/ = —dx/ Adx’ and dx’ Adx’ =0
Usual properties of multiplication holds

Differential forms is co-ordinate independent

0-form on R" is a function

1-form is an expression of the form >_. fi(x)dx’
2-formis 3, . fi(x)dx’ A dx/

k-form is >°, fi(x)dx' where | is a subset {i1, ..., ik} of
{1,2,...,n} and dx' is shorthand dx™ A ... A dx

If « is a k—form, we say that « has degree k :
=Y, adx’.

vV vVvyVvYVYyVYYVYY

v
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On the language of Differential forms by [Thiry, 1948]

Digression Contd.

Exterior derivative

> o=, adx so, exterior derivative,
da:=3%7, . 90103 dfyed A dx!

OxJ
» Holds chain rule

» For example, on R?, if a = xydx + eXdy then,

da = ydx A dx + xdy A dx + €“dx A dy + 0dy A dy
= (& — x)dx A dy.

> Simpler case: if f is O-form then, df(x) = }_; 85)((7) dx!

Damodar Rajbhandari | FTHIET TeWUSTIT | @@@d, W3a@Ell | (firstname) @PhysicsLog.com Jagiellonian University | 21 Jan 14
of 32

A Beginning for the search for a Theory of Everything- Kaluza-Klein Theory


https://www.physicslog.com/author

Modern Approach
00@000000000

On the language of Differential forms by [Thiry, 1948]

General Construction

> Assume M®) be (4+1)D Lorentzian manifold with general
co-ordinates X := x"9,4
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On the language of Differential forms by [Thiry, 1948]

General Construction

> Assume M®) be (4+1)D Lorentzian manifold with general
co-ordinates X := x?9, : aim to replace by x,é?, &% is 1-form.

» Rewriting Kaluza-Klein condition,
84§AB =0 = (&;g,“, = 0, 84Au = 0), 84(15 =0

» Use Clairaut parametrization under the condition that we can foliate

our spacetime by spacelike hypersurface, each orthogonal to the
Killing vector field 9, i.e. M®) = M@ x M), So,

d82 = g, dx"dx” + (dx* + kA, dx")%,  Set r = i =1

. d§? = e2*0g,, dxtdx” + 7 (dx* + A, dx")?

« and 3 are arbitrary constant.
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» Zap has components in-terms of Clairaut parameterization,
B = €0 + EPPAA, Bua = €70A, Baa = 70,5 # 0.
» Co-ordinate free descriptions:
- Tetrad basis {e?, e?} on M®: 5, = e, e”, g, Va, b € {0,1,2,3}
- Fiinfbein basis {&?, 67} on M®): ), = é* &8, gagVa, b€ {0,...,4}

» By inspection using Tetrad (or Vierbein) and Fiinfbein metric:
&7 = exp(agp)e? and &% = exp(B¢)(dx* + A, dx")

» z for the basis element pointing in direction associated with the
cylinder condition
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» To calculate curvature, use Maurer-Cartan structure equations,

- 5D Torsion two-form: 72 = dé? + & NéPabelo,...,4)
- Curvature two-form: R? = &% + &% A QS + &%, A &,

where &°, is Spin connection 1-form i.e. &% = &% dx®

» Our spacetime is Torsion free, the structure equation reduces to

To=0=dé&+ 0% NP 407, N & (1)
T2 =0=dé” + 0% N&° + 07, N & (2)
R, = &% + Q% ANOS + &%, A&7, (3)
R?, = &%, + &% NGO, + 0%, A&, (4)
R?, = &%, + &% ANOS, + 0%, N & (5)
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» One form:
do = Oagpdx? = Oppdx* + Ospdx* = Oppdxt, - 0ap=0

» To calculate Spin connection,

exp(ag)e”
dé® = d(exp(agp)e?)
= dexp(ap) A e + exp(ag)de”
avexp(ap)de A e®— exp(ag)w?, A e®,  Using eqn (1) in M®)
aexp(ap)d, ¢(dx" A e?) — exp(ad)w?, A eP
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» Using eqn 1,

T2=0=dé&"+ 0% NEP + 0%, A&
or, d&® =~ NEP — 7 N EF
= —exp(ap)@®, A e — exp(Bd)?, A (dx* + A, dx")
= —exp(ag)®, A e? — exp(Bp), A (dx* + A), A= A, dx"

» Comparing like terms from two ways:

aexp(ag)d, ¢(dxt A e) = —exp(Be)@?, A (dx* + A)
- aexp(ag)d,o(e’ A dxt) = exp(Bg)o, A (dx* + A) (6)

and, &% A eP =w AeP (7)
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» Similary,

dé = dlexp(B¢)(dx* + A)]
= Bexp(Be)dp A (dx* + A) + exp(B¢)d*x* + exp Bpd A
= Bexp(Bd)dpdxt A (dx* + A) + exp(B¢)F, F:=dA

where d?x* term disappear because d?® = 0 for any differential
form & and x* is zero form.

» Using eqn 2,
TZ =0=dé + 0% NE> + 0%, N &

or, d&% = —exp(ap)?y A eP — &%, N &
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On the language of Differential forms by [Thiry, 1948]

General Construction Contd.

» Comparing like terms from two ways:
@, =0% =0,
&7, = ~Bep(~a)0oe — 3 Fy (3~ 20)9}e",
OF = —@% = Bexp(—ap)d,0& + %]—'ac exp[(8 — 2a) ] é°

where F,. is the components of F in the co-ordinate-free basis. i.e.
Electromagnetic tensor. Hint: See this arXiv:1711.09503v1 [gr-qc]
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On the language of Differential forms by [Thiry, 1948]

Curvature two-form
» Using all the Machinery we built, in eqn (5):

Pz _ A~z ~Z AC ~Z Az

R, =%, +0° . NO, +0°, \é
Pz _ Az AC
or, R%, =% NQS,
~CZ A

or, ﬁzzli’zz =07 NOF),,
or, R%Z = 07 N0
1
= —[B exp(—ap)?pé* + Efab exp{ (B — 2a)¢p}€°IA

[5 exp(—ap)0.0€% + %fac exp{(5 — 2a)p}é°]
" R, = B2 exp(—2a¢) e + % exp{2(3 — 20)p} F>

where, F2 := FbF,, O := 9,0° = 0,0* := d'Alembert operator
or Laplacian operator in 4D.
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On the language of Differential forms by [Thiry, 1948]

Curvature two-form Contd.

» Remaining curvature two-forms [Pope, 2003, Miller, 2013]:

N

Rab = exp(—20:¢)[Rap + (a8 — 40°)0:00p¢ — anapp]—
%exp{2(ﬂ - 2a)¢}facfbc

and, R,, = R,, = %exp{(ﬁ — a)cﬁ}vb[exp{2(a + B)d} Fab)

where R,y is curvature two-form on M® 1., is 4D Minkowski
metric, and V? is covariant derivative on co-ordinate free basis.
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On the language of Differential forms by [Thiry, 1948]

5D Ricci scalar

» Trace of the curvature 2-form
R = #BRag = ?°Rap + R,
= 1?Plexp(—2ap){Rap + (aff — 4a2),00,0 — a0} —
2 {23~ 20)0}F, Fucl
F exp(~206)006 + § exp{2(5 — 20)6) F
= exp(—2a){11" Rop + (B — 40?)(00)” — ar);0¢} —
5 e0{2(6 — 20)61F + B exp(~200)06 + § exp{2(B — 20)0} F*
o R = exp(=200){R + (af — 40%)(99) — (5> — 20)0¢}
4 P25~ 20)6} P (8)
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Field Equation

Lagrangian Density
» Easily verify: /- = \/m =exp{(f +4a)o}/—g

> Lagrangian density (Setting s = 1):
L:=+\/—-8R
= V=g exp{(8 +22)}[R + (af — 40?)(9¢)* + (5 — 2a)0¢] -
VB eR(356)F

» In-order to include 4D Einstein gravity with its Lagrangian has the
form /—gR [Pope, 2003]. i.e. 8 := -2«
» Our beautiful Lagrangian becomes

L =+/—g[R —6a%(0¢)* + (4a® — 22)0¢ — %exp(—6a¢)]—"2]
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[e] leJe]e]e]e)

Field Equation

Lagrangian Density Contd.

> —602(0¢)? equivalent to —1(9¢)? is a Klein-Gordon Lagrangian for

a massless scalar field. Extract o = %
v

» Drop O¢ term. (-.- It gives total derivative in £ which does not
contribute to the field equation [Pope, 2003])

» Final version of our beautiful Lagrangian becomes:

L=\-g [R—f(aa») _,exp( V3¢)F?] (9)

» Set ¢ = 0 retrieves Einstein-Maxwell Lagrangian:

L= Vg(R- ;7
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[e] leJe]e]e]e)

Field Equation

Lagrangian Density Contd.

>

>

—602(9¢)? equivalent to —3(9¢)? is a Klein-Gordon Lagrangian for

a massless scalar field. Extract o = %
v

Drop [Cl¢ term. (-.* It gives total derivative in £ which does not
contribute to the field equation [Pope, 2003])

Final version of our beautiful Lagrangian becomes:

L=\-g [R—f(aa») _,exp( V3¢)F?] (9)

Set ¢ = 0 retrieves Einstein-Maxwell Lagrangian:

L= Vg(R- ;7

» But setting ¢ = 0 is illegal (. gag will become non-invertible).
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[e]e] le]e]e]e)

Field Equation

Ingredients for Field Equation

» For simplicity, assume 5D spacetime has no boundary
> Remember from General relativity, §v/—g = —%/—g8a30g""
» The variation on action is:

5 Siatusa = / XL

= / d®x6 [\/fg (R — %(8(;5)2 - iexp(—ﬁas)f?)]
= /\/—7g5 (R - %(&b)z - iexp(—\/%)fz) dx+
/(R %(&b)2 - ip( f¢)f2) v/ —gd°x

)
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[e]o]e] le]ele)

Field Equation

Field Equation on-process

65 = /\/%5 (R - %(z,)())? - iexp(—\fw)#) d®x
= [V (R = 56 (0,0)(0.0) = JoR(—VEOR 8 Fuu T ) x
/ VT < SR, + Ry, 6" — 1(() $)(9,8)6g"" — ;gw“(uw)u,m> d®x
-3 / V=g exp(—V30) (— V3200 + 27, F P0g" + 2716 F,, ) dx

8S, = / (R — %(«%)2 — lexp(—\/§¢)}'2> d®x
- / (R S0 — ; exp(—3 ¢)f2> o
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0O000@00

Field Equation

Field Equation on-process
» Setting variation of action = 0, this results

0= /,/—gg‘“’cSRstx (10)

0= f%/\/fgexp(f\/g(b)}"‘”éfwfx (11)

0= / Nar- <i\/§}‘2 - ;(aw)a”) Spd®x (12)

1 1 1 5

0= V—& R;w - ERg/_w - 5 (aﬂ¢)(8u¢) - 5(8(;5) Buv | —
L2, - Lx sghd® 13
5 N2 Z Euv g X ( )

where fﬁy = FupF,?
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[e]o]e]e]e] o)

Field Equation

Serving Field Equation

» Eqn 10 is integral over boundary thus, vanishes.

» Remaining three integrals defined our field equations:
0= V" (exp(—V30) o) (14)

O¢ = —? exp(—V/3¢)F? (15)

1 1 1 1 1
R;,w - ERg;uj = 5 (8/J«¢61/¢ - 2(8¢)2gﬂl/) + 5 (J:IQMJ - 4]:2ng> (16)
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O00000e

Field Equation

Few words on Field equation

» Eqn 14 is an equation of continuity
> Eqn 15 suggest ¢ # 0
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Field Equation

Few words on Field equation

» Eqn 14 is an equation of continuity

» Eqn 15 suggest ¢ # 0 (-.- Source term F cannot be zero).
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O00000e

Field Equation

Few words on Field equation

» Eqn 14 is an equation of continuity

» Eqn 15 suggest ¢ # 0 (-." Source term F cannot be zero). Source
term for scalar field. Eqn 15 is Klein-Gordon equation for massless

scalar field.
» In-general, ¢ =0 iff F = 0.
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O00000e

Field Equation

Few words on Field equation

» Eqn 14 is an equation of continuity

» Eqn 15 suggest ¢ # 0 (-." Source term F cannot be zero). Source
term for scalar field. Eqn 15 is Klein-Gordon equation for massless
scalar field.

» In-general, ¢ =0 iff F = 0.
» Eqn 16 resemble as Field eqn from Einstein gravity if

1 1

1 1 1
R = 3R = 5 (00,0~ 50078 ) + 3 (72, - 178

T, := Energy-Momentum tensor
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O00000e

Field Equation

Few words on Field equation

» Eqn 14 is an equation of continuity

» Eqn 15 suggest ¢ # 0 (-." Source term F cannot be zero). Source
term for scalar field. Eqn 15 is Klein-Gordon equation for massless
scalar field.

» In-general, ¢ =0 iff F = 0.
» Eqn 16 resemble as Field eqn from Einstein gravity if

1 1 1. 1/, 1.,
ERgHV - 5 (8M¢8V¢ - §(a¢) gﬁ“’) + E (‘F;U/ - Z]: gl“’)

T, := Energy-Momentum tensor

Ry —

> If =0, F = 0 then, eqn 16 reduces to 4D Einstein pure gravity
with no EM field
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Why this theory is so remarkable?

- Various attempts have been made trying to find unified theories that
include all known fundamental interactions

odar Rajbhandari | STHIET TMSHMUSTIT | a@I&d A3@dEll | (firstname) @PhysicsLog.com Jagiellonian University | 21 J

A B fol search for a Theory of Even Kaluza-Klein Theor,


https://www.physicslog.com/author

Closing Remarks
[ ]

Why this theory is so remarkable?

- Various attempts have been made trying to find unified theories that
include all known fundamental interactions

- Inspired from Kaluza-Klein (K-K) theory, string theory uses string
instead of periodic circle which is the improvement on K-K theory
based on the Quantum theory [Overduin and Wesson, 1997]
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- Various attempts have been made trying to find unified theories that
include all known fundamental interactions
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instead of periodic circle which is the improvement on K-K theory
based on the Quantum theory [Overduin and Wesson, 1997]
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Why this theory is so remarkable?

- Various attempts have been made trying to find unified theories that
include all known fundamental interactions

- Inspired from Kaluza-Klein (K-K) theory, string theory uses string
instead of periodic circle which is the improvement on K-K theory
based on the Quantum theory [Overduin and Wesson, 1997]

Thank You For Listening!
I Invite You To Ask Any Questions You May Have...
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