
Online ISSN: 2249-4626
Print ISSN: 0975-5896

  Origin of Dark Energy Space-Time Singularities 

New Solitary Wave Solution Gravitational Properties of Atom

VOLUME 15          ISSUE 4          VERSION 1.0



 

 

 

Global Journal of Science Frontier Research: A 
Physics & Space Science 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Global Journal of Science Frontier Research: A 

Physics & Space Science 
Volume 15 Issue 4 (Ver. 1.0) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Open Association of Research Society 
 



 

Global Journals Inc.  
(A Delaware USA Incorporation with “Good Standing”; Reg. Number: 0423089) 
Sponsors:  
                 Open Scientific Standards  

Publisher’s Headquarters office 

 

 
USA Toll Free: +001-888-839-7392 
USA Toll Free Fax: +001-888-839-7392 

Offset Typesetting  
 

 
  

 
 Packaging & Continental Dispatching  

 
 

 
Find a correspondence nodal officer near you 
 
To find nodal officer of your country, please 
email us at local@globaljournals.org 
 

eContacts 
 
Press Inquiries: press@globaljournals.org 
Investor Inquiries: investors@globaljournals.org 
Technical Support: technology@globaljournals.org 
Media & Releases: media@globaljournals.org 
 
Pricing (Including by Air Parcel Charges): 
 
For Authors:   
                   22 USD (B/W) & 50 USD (Color)                                   
Yearly Subscription (Personal & Institutional):  
                   200 USD (B/W) & 250 USD (Color) 

© Global Journal of Science 

All rights reserved. 

This is a special issue published in version 1.0 
of “Global Journal of Science Frontier 

Research.” By Global Journals Inc. 

All articles are open access articles distributed 
under “Global Journal of Science Frontier 

Research” 

Reading License, which permits restricted use. 
Entire contents are copyright by of “Global 

Journal of Science Frontier Research” unless 
otherwise noted on specific articles. 

No part of this publication may be reproduced 
or transmitted in any form or by any means, 

electronic or mechanical, including 
photocopy, recording, or any information 

storage and retrieval system, without written 
permission. 

The opinions and statements made in this 
book are those of the authors concerned. 
Ultraculture has not verified and neither 

confirms nor denies any of the foregoing and 
no warranty or fitness is implied. 

Engage with the contents herein at your own 
risk. 

The use of this journal, and the terms and 
conditions for our providing information, is 

governed by our Disclaimer, Terms and 
Conditions and Privacy Policy given on our 

 

By referring / using / reading / any type of 
association / referencing this journal, this 

signifies and you acknowledge that you have 
read them and that you accept and will be 

bound by the terms thereof. 

All information, journals, this journal, 
activities undertaken, materials, services and 
our website, terms and conditions, privacy 
policy, and this journal is subject to change 

anytime without any prior notice. 

Incorporation No.: 0423089 
License No.: 42125/022010/1186 

Registration No.: 430374 
Import-Export Code: 1109007027 

Employer Identification Number (EIN): 
USA Tax ID: 98-0673427 

Open Association of Research Society

website http://globaljournals.us/terms-and-condition/
menu-id-1463/

Frontier Research. 2015 .

Global Journals Headquarters
301st Edgewater Place Suite, 100 Edgewater Dr.-Pl, 

United States of America

Global Journals Incorporated
2nd, Lansdowne, Lansdowne Rd., Croydon-Surrey, 
Pin: CR9 2ER, United Kingdom

Global Journals
E-3130 Sudama Nagar, Near Gopur Square, 
Indore, M.P., Pin:452009, India

Wakefield MASSACHUSETTS, Pin: 01880, 

http://www.globaljournals.org/global-journals-research-portal/guideline/terms-and-conditions/menu-id-260/
http://www.globaljournals.org/global-journals-research-portal/guideline/terms-and-conditions/menu-id-260/
http://www.globaljournals.org/global-journals-research-portal/guideline/terms-and-conditions/menu-id-260/


John A. Hamilton,"Drew" Jr.,  
Ph.D., Professor, Management 
Computer Science and Software 
Engineering 
Director, Information Assurance 
Laboratory 
Auburn University 

Dr. Wenying Feng 
Professor, Department of Computing & 
Information Systems 
Department of Mathematics 
Trent University, Peterborough, 
ON Canada K9J 7B8 

Dr. Henry Hexmoor 
IEEE senior member since 2004 
Ph.D. Computer Science, University at 
Buffalo 
Department of Computer Science 
Southern Illinois University at Carbondale 

Dr. Thomas Wischgoll 
Computer Science and Engineering,  
Wright State University, Dayton, Ohio  
B.S., M.S., Ph.D. 
(University of Kaiserslautern) 

Dr. Osman Balci, Professor

 

Department of Computer Science 
Virginia Tech, Virginia University 
Ph.D.and M.S.Syracuse University, 
Syracuse, New York 
M.S. and B.S. Bogazici University, 
Istanbul, Turkey 

Dr. Abdurrahman Arslanyilmaz 
Computer Science & Information Systems 
Department 
Youngstown State University 
Ph.D., Texas A&M University 
University of Missouri, Columbia 
Gazi University, Turkey 

Yogita Bajpai 
M.Sc. (Computer Science), FICCT 
U.S.A.Email: 
yogita@computerresearch.org

 

Dr. Xiaohong He 
Professor of International Business  
University of Quinnipiac  
BS, Jilin Institute of Technology; MA, MS, 
PhD,. (University of Texas-Dallas)  

Dr. T. David A. Forbes 
Associate Professor and Range 
Nutritionist 
Ph.D. Edinburgh University - Animal 
Nutrition  
M.S. Aberdeen University - Animal 
Nutrition

 

B.A. University of Dublin- Zoology 

Burcin Becerik-Gerber 
University of Southern California 
Ph.D. in Civil Engineering  
DDes from Harvard University 
M.S. from University of California, Berkeley 
& Istanbul  University 

  

Integrated Editorial Board
(Computer Science, Engineering, Medical, Management, Natural 

Science, Social Science)



Dr. Bart Lambrecht 
Director of Research in Accounting and 
FinanceProfessor of Finance 
Lancaster University Management School 
BA (Antwerp); MPhil, MA, PhD 
(Cambridge) 

Dr. Söhnke M. Bartram 
Department of Accounting and 
FinanceLancaster University Management 
SchoolPh.D. (WHU Koblenz) 
MBA/BBA (University of Saarbrücken) 

 
Dr. Carlos García Pont 
Associate Professor of Marketing 
IESE Business School, University of 
Navarra 
Doctor of Philosophy (Management),  
Massachusetts Institute of Technology 
(MIT) 
Master in Business Administration, IESE, 
University of Navarra 
Degree in Industrial Engineering, 
Universitat Politècnica de Catalunya 

Dr. Miguel Angel Ariño 
Professor of Decision Sciences 
IESE Business School 
Barcelona, Spain (Universidad de Navarra) 
CEIBS (China Europe International Business 
School). 
Beijing, Shanghai and Shenzhen 
Ph.D. in Mathematics 
University of Barcelona 
BA in Mathematics (Licenciatura) 
University of Barcelona 

 
Dr. Fotini Labropulu 
Mathematics - Luther College 
University of ReginaPh.D., M.Sc. in 
Mathematics 
B.A. (Honors) in Mathematics 
University of Windso 

Philip G. Moscoso  
Technology and Operations Management 
IESE Business School, University of Navarra 
Ph.D in Industrial Engineering and 
Management, ETH Zurich 
M.Sc. in Chemical Engineering, ETH Zurich 

 
Dr. Lynn Lim 
Reader in Business and Marketing 
Roehampton University, London 
BCom, PGDip, MBA (Distinction), PhD, 
FHEA 

Dr. Sanjay Dixit, M.D. 
Director, EP Laboratories, Philadelphia VA 
Medical Center 
Cardiovascular Medicine - Cardiac 
Arrhythmia 
Univ of Penn School of Medicine 

 
Dr. Mihaly Mezei 
ASSOCIATE PROFESSOR 
Department of Structural and Chemical 
Biology, Mount Sinai School of Medical 
Center 
Ph.D., Etvs Lornd University 
Postdoctoral Training,  
New York University 

 
Dr. Han-Xiang Deng 
MD., Ph.D 
Associate Professor and Research 
Department Division of Neuromuscular 
Medicine 
Davee Department of Neurology and Clinical 
NeuroscienceNorthwestern University 
Feinberg School of Medicine 



Dr. Pina C. Sanelli 
Associate Professor of Public Health 
Weill Cornell Medical College 
Associate Attending Radiologist 
NewYork-Presbyterian Hospital 
MRI, MRA, CT, and CTA 
Neuroradiology and Diagnostic 
Radiology 
M.D., State University of New York at 
Buffalo,School of Medicine and 
Biomedical Sciences 

 
 
 
Dr. Roberto Sanchez

 
Associate Professor 
Department of Structural and Chemical 
Biology 
Mount Sinai School of Medicine 
Ph.D., The Rockefeller University 

 
 
 

Dr. Wen-Yih Sun

 

Professor of Earth and Atmospheric 
SciencesPurdue University Director  
National Center for Typhoon and 
Flooding Research, Taiwan 
University Chair Professor 
Department of Atmospheric Sciences, 
National Central University, Chung-Li, 
TaiwanUniversity Chair Professor 
Institute of Environmental Engineering, 
National Chiao Tung University, Hsin-
chu, Taiwan.Ph.D., MS The University of 
Chicago, Geophysical Sciences 
BS National Taiwan University, 
Atmospheric Sciences 
Associate Professor of Radiology 

 

Dr. Michael R. Rudnick 

M.D., FACP 
Associate Professor of Medicine 
Chief, Renal Electrolyte and 
Hypertension Division (PMC)  
Penn Medicine, University of 
Pennsylvania  
Presbyterian Medical Center, 
Philadelphia 
Nephrology and Internal Medicine 
Certified by the American Board of 
Internal Medicine 

Dr. Bassey Benjamin Esu 

B.Sc. Marketing; MBA Marketing; Ph.D 
Marketing 
Lecturer, Department of Marketing, 
University of Calabar 
Tourism Consultant, Cross River State 
Tourism Development Department 
Co-ordinator , Sustainable Tourism 
Initiative, Calabar, Nigeria
 

Dr. Aziz M. Barbar, Ph.D. 
IEEE Senior Member 
Chairperson, Department of Computer 
Science 
AUST - American University of Science & 
Technology 
Alfred Naccash Avenue – Ashrafieh



 

  

 

 

 

 

Dr. George Perry, (Neuroscientist) 
Dean and Professor, College of Sciences 

Denham Harman Research Award (American Aging Association) 

ISI Highly Cited Researcher, Iberoamerican Molecular Biology Organization 

AAAS Fellow, Correspondent Member of Spanish Royal Academy of Sciences 

University of Texas at San Antonio 

Postdoctoral Fellow (Department of Cell Biology) 

Baylor College of Medicine 

Houston, Texas, United States 

Dr. R.K. Dixit  
M.Sc., Ph.D., FICCT 
Chief Author, India 
Email: authorind@computerresearch.org 

President Editor (HON.)

Chief Author (HON.)

Vivek Dubey(HON.)

MS (Industrial Engineering), 

MS (Mechanical Engineering) 

University of Wisconsin, FICCT 

Editor-in-Chief, USA 

editorusa@computerresearch.org 

Er. Suyog Dixit
(M. Tech), BE (HONS. in CSE), FICCT 
SAP Certified Consultant 
CEO at IOSRD, GAOR & OSS 
Technical Dean, Global Journals Inc. (US) 
Website: www.suyogdixit.com 
Email:suyog@suyogdixit.com 

Pritesh Rajvaidya 
(MS) Computer Science Department 
California State University 
BE (Computer Science), FICCT 
Technical Dean, USA 
Email: pritesh@computerresearch.org

Sangita Dixit
M.Sc., FICCT 
Dean & Chancellor (Asia Pacific)  
deanind@computerresearch.org  

Luis Galárraga 
J!Research Project Leader 
Saarbrücken, Germany

Dean & Editor-in-Chief (HON.)

Suyash Dixit

(B.E., Computer Science Engineering), FICCTT 
President, Web Administration and 

Development CEO at IOSRD 
COO at GAOR & OSS

,



 

 

Contents of the Issue 

 

i. Copyright Notice 
ii. Editorial Board Members 
iii. Chief Author and Dean 
iv. Contents of the Issue 

 
 

  
1. Bi-Directional EPR Correlation in Cosmology and Planckeon Origin of Dark  

Energy. 1-4 
2. High Energy K X-Ray Hypersatellites. 5-9  
3. On the New Solitary Wave Solution of the Generalized Hirota-Satsuma 

Couple KdV System. 11-17 

5.
 

Cv Bipartite Entanglement of Non-Degenerate Three-Level Laser with 
Squeezed Modes Pumped by Coherent Light. 23-3

 

4.

 

Quintessential Nature of the Fine-Structure Constant. 19-2

 
6. The Question of Space-Time Singularities in General Relativity and Einstein's 

Errors. 33-47 
 
 
v. Fellows and Auxiliary Memberships 
vi. Process of Submission of Research Paper 
vii. Preferred Author Guidelines 
viii. Index 
 

2

2



© 2015. Noboru Hokkyo. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: A 
Physics and Space Science 
Volume 15  Issue 4 Version 1.0 Year  2015 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
Bi-Directional EPR Correlation in Cosmology and Planckeon 
Origin of Dark  Energy          

By Noboru Hokkyo 
Senjikan Institute, Japan      

Abstract- A quantum paradox of nonlocal Einstein-Podolsky-Rosen correlation between counter-
propagating pair of polarization-entangled photons emitted from a common source S and 
detected at points P and Q is solved outside the EPR's reality criterion of local causality but within 
the framework of  time-symmetric quantum electrodynamics allowing the bi-directional signal 
transmission P↔S↔Q on the double-light cone where the future and the past cones. share 
common light paths connecting the photon source  S  and the detection points  P and  Q. A 
cosmlogical implication of the bi-directional signal transmission P↔Q without common source S 
in cosmology and possible Planckeon orgin of dark energy in the upper hemisphere of 
semiclosed Friedman uiverse, joined on to an asymptotically flat outer space, are also 
discussed.        

Keywords:  quantum theory, relativity, causality, locality, correlation,  cosmology, dark energy. 
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Bi-Directional EPR Correlation in Cosmology 
and Planckeon Origin of Dark  Energy 

Noboru Hokkyo 

Abstract- A quantum paradox of nonlocal Einstein-Podolsky-
Rosen correlation between counter-propagating pair of 
polarization-entangled photons emitted from a common 
source S and detected at points P and Q is solved outside the 
EPR's reality criterion of local causality but within the 
framework of  time-symmetric quantum electrodynamics 
allowing the bi-directional signal transmission P↔S↔Q on the 
double-light cone where the future and the past cones. share 
common light paths connecting the photon source  S  and the 
detection points  P and  Q. A cosmlogical implication of the bi-
directional signal transmission P↔Q without common source 
S in cosmology and possible Planckeon orgin of dark energy 
in the upper hemisphere of semiclosed Friedman uiverse, 
joined on to an asymptotically flat outer space, are also 
discussed. 
Keywords: quantum theory, relativity, causality, locality, 
correlation,  cosmology, dark energy. 

I. Introduction 

ince the advent of quantum mechanics in the mid-
1920s there have benn continued interpretational 
controversies surrounding its counter-intuitive 

nature such as the wave-particle duality and the 
instantaneous collapse of the particle wave function at 
the detection point. But the paradox of nonlocal EPR1 

correlation between distant events without nonlocal 
interactions has been more problematic in recent times 
by Bell's experimental non locality test2,3

 proposed in 
1964, though the paradox was first noticed by 
Schrödinger4

 and discussed in the dialogue between 
Einstein and Bohr5 at 1935 Solvay Council. In emphasis 
of the signal transmission in EPR correlation Cavaicanti 
and Wiseman6

 asked: “What Bohr could have told 
Einstein at Solvay had he known about  Bell experiments 
?” In his recollection in 1990 Bell7 wrote: “Suppose 
quantum mechanics were found to resist precise 
formulation. Suppose that when formulation beyond 
FAPP (For All Practical Purposes)8

 is attempted, we  find 
an unmovable finger obstinately pointing outside the 
subject....to the Mind of the Observer..., or only 
Gravitation ?” We here show that the solution of 
quantum paradoxes can be found outside the EPR's 
reality criterion of local cauality9

 but within the framework 
of  time-symmetric quantum electrodynamics for finite 
spacetme.10

 A cosmlogical implication of the bi-
directional signal transmission P↔Q without common 
source S in the inflationary cosmology and a possible 
orgin of dark energy are also discussed. 

Author:
 
Senjikan Institute, Niigata, Japan.  

e-mail: noboruhok@yahoo.co.jp
 

II. EPR Correlation in EPR Loophole  

At the Solvay council EPR asked: “Are there 
spooky actions at a distance in quantum dmechanics ?” 
Recently, Yin et al.11

 led by Q. Zhang measured a 
superluminal speed of spooky acions between counter-
propagating pair of photons emitted from an opticaly 
pumped atom in spin 0 state. During the measurement 
the locality and the freedom-of-choice loopholes of 
previous expriments were maximally closed by 
observing a 12-hour continuous violation of Bell's 
numerical expression (inequality) to EPR's reality 
criterion of local causality and separability of distant 
events. Let the spacetime positions of the photon source 
and the detection points be S(xS, tS), P(xP, tP) and Q(xQ, 
tQ). Then the lower bound of the speed cS of the spooky 
actions  
                        cS = |xQ

 
–
 
xP|/|tQ

 
–
 
tP| 

                           (1)
 

can be superluminal as |tQ
 
–
 
tP| →

 
0. Here we can see a 

local and causal link P←S→Q (tS < tP
 
≈ tQ) and the 

nonlocal and a
 
causal (spooky) link P→Q (tP

 
< tQ). 

 
Let

 
εP 

and εQ be the unit polarization vectors of photons 
measured at P and Q. The experiments verified the 
quantum expectations of the correlation function      
CQM((εP,εQ) = εPεQ  = cos

 
θ,  where  θ  is the Hilbert 

space angle between εP
 
and εQ , and showed a clear

 rejection of classical theories obeying Bell's 
inequlities. The experiments also confirmed the 
insenstivty of CQM to 

observer's delayed decision as to 
which direction to measure each photon's polarization 
at P and Q after the photon left the source at S－too 
late for a message to reach the opposite photon,8

 making
 
the causal link P←S→Q

 
improbable and the 

bi-directional link P↔S↔Q probable in the loophole 
of EPR's reality criterion of local causlity between P 
and  Q,               

 
III. EPR Correlation on Double-Light 

Cone 
Dirac12

 defined the two-point corrlation function 
or propagator Δ(x,t) between S(0,0) and P(x,t), and 
visualized the signal transmission S↔P on  the  light 
cone  with  the  origin S  as  vertex:  

                 (∂2/c2∂2t2  – ∂2/2∂2x2)Δ(x,t) = 0,              (2) 

Δ(x,t) = α(t)δ(c2t2 – x2) 

= [δ(ct – x) – δ(ct – x)] 

S 
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              = Δfuture  – Δpast   =  Δret  – Δadvt  , 
 
                                (3) 

where α(t) = t/|t| = 1 (t > 0); = – 1 (t < 0). There an 
electron at S(0, 0) moves under the retarded (causal) 
action  Δret . of  a charged partcle at P on the  past  light 
cone δ(ct + x) of S as well as the advanced 
(retrocausal) action Δadv

 of a charged particle at Q on the 
future light cone δ(ct – x) of S, giving a divergence-free 
radiation damping of the electron at S. The bi-directional 
EPR link, P(xP, tP)↔ S(xS, tS)↔Q(xQ, tQ), can be visualized 
on the future light cone of the optically pumped 
metastable atom at S(0, 0) by replacing the step function 

α(t) by the square (step-up and down) function β(t) = 0 (t 
< tS);  = 1 (tS < t < tP/Q); = 1 (t > tP/Q)   

Δ(|xP/Q  – xS|, |tP/Q – tS|) 

= [δ(c|tP/Q – tS| – |xP/Q – xS||) 

        – δ[(c|tP/Q – tS| – |xP/Q – xS||]/|xP/Q – xS| .          (4) 

The double-light cone13 [δret –
 
δadv] in Eq.(5) 

tells that the detection point P/Q on the left/right arms 
of the future light cone of S is reached by retarded 
wave expi(ωt – kt) from S while advanced wave 
expi(ωt + kx) from P/Q reaches S on the right/left 
arms of the past light cone of P/Q, forming a bi-
directional sinusoidal wave, expiωtsinkx, standing in 
phase between S and P/Q with nodes fixed in space 
at x = nπ/k (n = integer).

 

IV.
 
Bi-Directional  Microscope

 

“Is the star (moon) there when nobody looks” 
asked Tetrode (Mermin).14 At the 1947 Solvay Council 
Heisenberg proposed a thought experiment 
measuring the electron position on microscope's 
object plane. There the photon wave collapsing at S 
in the retinaof the oberver

 
entails the retrocollapse 

(appearance) of an elecon at P scattering the photon 
to be observed at S. That is, the electron is not  at P 
when nobody looks. at S. This point was emphasized 
by Weizäcker15

 
in his

 
delayed-choice thought 

experiment measuring the transverse photon 
momentum on the focal plane of Heisenberg's  
microscope. If the microscope is very long, the 
observer at S can make choice as to which  property 
of the electron, position or momentum, to measure 
after the scattering process has taken place at P. To 
see the bi-directional signal transmission S↔P in 
microscope we write Eq.(4) in momentum space14

  

Δω,k(|
 

xP －xS|, |tP－tS|)
 

= [expikc|tP－tS| |sink|xP －xS|]/|k|,             
 
       (5)

 

getting an uncertainty relation between photon 
momentum p = ħk and  the microscope length 

 

                      p|xP  – xS| =  nh/2,                            (6)

 

where n is the number of nodes of the sinusoidal

 

wave standing between S and P.                         
 

V.
 
Cosmological EPR

 
Correlation

 

In an attempt to resolve EPR problem 
Dirac17,18

 
revived early ideas of aether transmitting 

light signal between distant points separated by 
spacelike

 
distance, but was rejected by Einstein as it 

could not be fitted in his 4-dimensional formulation of 
relativity. Dirac18 further poposed a bi-directional EPR 
connection between points P and Q located on the 4-
dimensional hyperboloid (ct)2 – r2 = lpl

2 crossing the 
light cone at ct = lpl

 
at r = 0 with spacelike velocity: 

 

                      dr/dt = ct/r = c(1
 
+ lpl

2/r2)1/2,              (7)
 

defining 3-dimensional Lorenz sphere r2 = lpl
2.. We

 

can likewise embed the Lorenz sphere into the radial 
line element ds of de Sitter universe in Reissner-
Nordstroem form:20

 

ds2
 
= c2gttdt2–

 
grrdr22,

 

 
               gtt = grr

-1
 
= (1 –

 
Λc2/r2

 
+ lpl

2/r2)1/2, 
 
          

 
(8)

 

where Λ
 
is the cosmological constant. Putting ds2

 
=  0, 

we get light velocity: 
 

              dr/dt
 
= cgtt/grr = c(1 –

 
Λr2/c2

 
+ lpl

2/r2).       (9)
 

We find that dr/dt is space
 
like at r ~ lpl  but 

decreases towards  dr/dt = c at r = (clpl)1/2Λ1/4 ~10-

12Λ1/4 cm. From there dr/dt continues to decrease 
towards dr/dt = c, but rises again to space

 
like 

velocity at the comological horizon r = cΛ1/2 after a 
brief interlude of

 
subluminal period.

 

Hawking19 proposed a  cyclic Lorenz-de Sitter 
model where an expanding and contracting universe 
starts and ends on the 4-dimensional Lorenz sphere 
τ2 + r2 = lpl

2
 
with imaginary time τ

 
= it. There the 

Hubble expansion ~ expHt is replaced by a 
cosmological wave function of radius ~ expiHτ

 
~ 

expiΛτ, determining  the  temperature  T ~ H, entropy  
~ 

 

Λ-2 and the energy of radiation E ~ ħc/R created by 
the de Sitter black hole capturing negative energy 
components of Zittering electrons20

 
at temerture T.

 

In high dimensional string theory,21 the parallel 
orbifold branes collide periodically in cycle, expanding 
and contracting with dark energy Λ. 

 

VI.
 
Mass

 
Defect

 
of

 
Semiclosed

 
Friedman

 

Universe
 

The idea of semicosed Friedman universe was 
proposed by Zel'dovich and others21 in 1970s

 

as a 
possible model of quasistellar

 
radio sources evolving 

from and joined-on to preexisting asymptotically flat 
space. The expansion history of the semicosed universe 
is dictated by the

 
Hubble constant H = 8πG/ρΛ

 
and the 

dimensionless density parameter ΩΛ
 
= ρΛ/ρcΛ

 
where

 
ρΛ

 
is

 

the energy density and
 ρcΛ

 
the critical density. 

 

© 2015    Global Journals Inc.  (US)
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For 0 < ΩΛ < 0.5 the expanding univese in lower 
hemisphere is joined onto asymptotically flat outer space 
through Schwarzschild throat; for 0.5 <  ΩΛ < 1 the  
contracting upper hemisphere is joined onto outer space 
through double-valued Schwarzschild bottleneck; for Ω Λ 

~ 1 the almost closed universe is joined onto 
asymptotically flat space extending to infinity through 
Planck scale throat. For an observer comoving with 
cosmological expansion and contraction history of 
semicosed Friedman universe can be described by the 
radial line element ds of the universe in Reissner-
Nordstroem form: 

ds2 =  c2gttdt2 – grrdr2, 

                 gtt = grr
-1 = (1 – r2/rg

2 + lpl
2/r2)1/2,              (10) 

where rg
 = 3c2/8πGρΛ. The light velocity dr/dt = c(1 – 

Λr2/c2 + lpl
2/r2) is space like at r ~ lpl. As r. increases 

from r = lpl, dr/dt decreases towads c at r = (rglpl)1/2 
~ 

102cm for rg
 ~ 1028cm, to be compared with the 

radius of causally related small region ~ 10cm in 
inflationary model. With further increase of r towards 
horizon r = rg, dr/dt reaches spacelike velocity r = rg

 after 
a long interlude of subluminal period: lpl

 << r <<  rg.  In 
this period a detailed description of the semiclosed 
Friedman universe can be given by using the integral ∫dx

 

(1 – r2/rg
2)1/2= sin-1x to calculate the proper mass Mp  and 

volume Vp  of the universe:  

Mp = ρΛVp = 2πρΛ∫Rr2grrdr = (3/2)(R/rg)3[sin-1(R/rg) 

                          – (R/rg)(1 – (R2/rg
2)1/2)]M,                       (11) 

where M = (4πR3/3)ρΛ
 
= ρΛV is the Newtonian mass and 

volume V. Eq.(11) tells that the proper radius Rp = ∫Rgrrrdr 
and volume Vp

 
= (4πRp

3/3) increases with the increase of 
the world radius from r ~ 0 , where sin-

p
1(R/rg) ~ 0, until Vp

 

fills the half of the closed universe (lower hemisphere) of 
the closed Friedman universe, where sin-1(lpl/rg) = π/2.

 

With further increase of r, Rp
 
decreases towards Rp

 
~ lpl, 

where sin-1(lpl/rg) ~
 
π, forming a gravitational semiclosure 

with Vp ~
 Mp ~ 0 (with upper

 
hemisphere) having

 
Planck 

surface lpl
2 and  mass mpl, creating Planck scale black 

holes liberating dark energy E ~ ħc/lpl
 
or recreating a 

black Lorenz sphere outside the gravitational radius R = 
rg,

 
liberating dark energy E ~  ħc/R

 

with
 

information 
content (R/lpl)2 in asymptoticlly flat outer space.22 

VII.
 

Source
 
of

 
Dark

 
Energy

 

We note that the negative equation of state  ρΛ
 
+ 

pΛc2  
< 0 required by the dark energy is satisfied in the 

upper hemisphere of the semiclosed
 
Friedman universe. 

There the density of gravitationally bound pairs of 
quantized metric fluctuations, or graviational Bohr 
atoms, dominate by creating negative attractive 
potential Gmpl

2/lpl = ħc/lpl = mplc2 capturing
 

positive 
rest mass energy mplcp

 
of single metric fluctuation, or 

Planckeons. 
 

In the lower hemisphere, where the 

positive equation of state ρΛ + p c2
 > 0 is satisfied, the 

free Planckeons prevails. The evolutionarily earlier 
upper hemishere is chracterized by the density 
parameter 0.5 < Ω Λ = (R/rg)2 = 1 and the less earlier 
lower hemisphere by 0 < Ωm < 0.5. The recently 
updated density parameters23 fall into these ranges: 
ΩΛ ~ 0.685 and Ω m ~ 0.266. Adding the evolutionarily 
recent atomicmatter Ωatom ~ 0.049, we have Ω tot = ΩΛ 

+ Ω m + Ω atom = 0.965 ~ 1 indicating the asymptotic 
flatness of the extragalactic space required for the 
asymptotic solutions of Einstein equations to be 
found useful.  

VIII. Conclusion 

We have shown that the quantum paradox of 
EPR correlation between distant points P and Q 
sharing a comon source S arises outside EPR's reality 
criterion of local causality, and can be solved within 
the framework of time-symmetric and relativistic 
quantum electrodynamics for finite spacetime10 with 
singular boundary conditions allowing the bi-
directional signal transmission P↔S↔Q on the 
double-light cone where the future and the past cones 
share a common light path connecting S and P/Q. A 
cosmlogical implication of the bi-directional and 
superluminal signal transmission P↔Q without a 
common source S in explaining the observed 
homogeneity of the universe and the possible 
Planckeon orgin of dark energy in the upper 
hemisphere of the semiclosed Friedman uiverse, 
joined onto an asymptotically flat space, are also 
discussed to explain the asymptotic flatness of the 
extragalactic space. In conclusion Planckeon origin of 
dark energħ in the upper hemisphere of the 
semiclosed Friedman universe is proposed. 
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Abstract- This study focus on the weak lines that appear on high energy side of the diagram lines 
which is called High Energy K X-ray hypersatellites i.e., a particular category of characteristic X-
ray due to splitting of fine structure levels. It’s resulted from the interaction of spin of an electron 
with the spin of the nucleus. They are emitted when an atom that has undergone a spontaneous 
transitions from the higher hyperfine level to the lower one to a radiation of ≈ 1.42 × 109𝐻𝐻𝐻𝐻 
frequency and ≈ 21 𝑐𝑐𝑐𝑐 wavelength. Simultaneous double ionization in the K-shell and multiple 
ionization in the L-shell gives rise to Kα X-ray hypersatellites. These can be studied only by high 
energy resolution instruments like WDXRF spectrometry. Fundamental experimental procedures 
were outlined in this field by several workers due to different excitation modes. The theoretical 
models to predict their energies and intensities were developed. And also this review can show a 
clear discrepancy between theoretical and experimental results in the case of hyper satellites 
formation from different shells. In case of experimental instrumentation, WDXRF is the most 
accurate for determining the energy and intensity of X-ray hypersatellites. All sources of data was 
literature done by different scholars. 
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I. INTRODUCTION

 

-ray satellites emitted in the radioactive decay of 
double-vacancy states when the two initial 
vacancies are located in the same shell say K 

shell are of particular interest. Such satellites were 
named by Briand et al1

 

as the hyper

 

satellites. The 
denotation of the spectra as Kh

 

α1, 2 andKh
β1, 3

 

originate in 
the single electron K-spectator-hole transitions 1s-2

 

→1s-

1

 

2p-1

 

and 1s-2

 

→1s-13p-1, respectively. They were first 
investigated by ion excitation and later by photon 
excitation using X-ray tubes. High-resolution 
measurements of heavy-ion-induced K

 

hyper

 

satellites 
were found to represent a sensitive tool for studying the 
relativistic and QED effects in atoms2.  

 

More recently, it has become possible to 
investigate the double-K-shell photo ionization process 
by measuring the K

 

hyper

 

satellite X-ray emission of light 
and mid-heavy elements irradiated with intense 
synchrotron radiation beams3. In double photo ionization 

 
 

Author: Debre Tabor University, Department of Physical Science, 
Ethiopia. e-mail: alamineh.zewdu36@gmail.com 

 

 

 

An

 

atom with one of its shells empty is called a 
hollow atom.

 

These satellites can give information on the 
energy level structure of the electron shell of the hollow 
atom. They can be produced using target bombardment 
by high energy heavy ions. But when electrons are 
ejected, the resulting hollow atom is very difficult to 
control so that using photo excitation by monochromatic 
synchrotron radiation is preferable.  But photo excitation 
method produces small probability for the creation of a 
double K-vacancy and is a disadvantage.  

 

Well resolved photo excitation studies of the 
hyper

 

satellite lines are very rare because the creation 
probability of hollow atom via photo excitation is very 
small. For example, for a Z≈30 atoms, the cross-section 
for the production of hyper

 

satellite lines is ≈10-4

 

of that 
of the Kα1,2

 

and Kβ1,3

 

diagram fluorescence lines. 
However, study of hyper

 

satellites using photo ionization 
is also reported by Raju et al6

 

for elements in the Z 
range 19-25. Studies of the formation mechanism and 
the electronic structure of hollow atoms give important 
new insight in to fundamental issues like inter and intra 
shell electron correlations, the effects of relativity, and 
the Breit interaction. In addition to their importance for 
basic atomic physics, hollow atoms have important 
applications for studies of e.g. the electronic structure of 
surface, or systems far from equilibrium7. Hollow atoms

 

have even been proposed

 

as a way of achieving 
population inversion and lasing in the hard X-ray range 
of wavelengths8, 9. 

 

Relativistic effects also play a major role in the 
above mentioned transitions, due to the involvement of 
the highly relativistic K shell. While the effect of Breit 
interaction on almost all atomic transitions is less than 
1%, for the hyper

 

satellite transitions this effect can be 
as large as 20%

 

in heavy atoms10. Therefore the hyper

 

satellite lines offer a very rare opportunity to study in 
detail the Breit interaction, one of the least studied of all 
atomic interactions. The experiment done for a formation 
of hollow atom by bombarding high energy

 

heavy ion, 
the number of electrons ejected and the state of the 
resulting hollow atoms are very difficult to control11,12,13. 
In this experiment photon excitation by monochromatic 
synchrotron radiation, this allows the measurement of a 
clean and high resolution hyper

 

satellite spectrum and 
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gives the possibility to select the exciting photon energy 

Abstract- This study focus on the weak lines that appear on 
high energy side of the diagram lines which is called High 
Energy K X-ray hypersatellites i.e., a particular category of 
characteristic X-ray due to splitting of fine structure levels. It’s 
resulted from the interaction of spin of an electron with the spin 
of the nucleus. They are emitted when an atom that has 
undergone a spontaneous transitions from the higher 
hyperfine level to the lower one to a radiation of ≈ 𝟏𝟏.𝟒𝟒𝟒𝟒 ×
𝟏𝟏𝟏𝟏𝟗𝟗𝑯𝑯𝑯𝑯 frequency and ≈ 𝟒𝟒𝟏𝟏 𝒄𝒄𝒄𝒄 wavelength. Simultaneous 
double ionization in the K-shell and multiple ionization in the L-
shell gives rise to Kα X-ray hypersatellites. These can be 
studied only by high energy resolution instruments like WDXRF
spectrometry. Fundamental experimental procedures were 
outlined in this field by several workers due to different 
excitation modes. The theoretical models to predict their 
energies and intensities were developed. And also this review 
can show a clear discrepancy between theoretical and 
experimental results in the case of hyper satellites formation 
from different shells. In case of experimental instrumentation, 
WDXRF is the most accurate for determining the energy and 
intensity of X-ray hypersatellites. All sources of data was 
literature done by different scholars.

despite of the electron shake-off process, the electron 
knock-out process appears, in which the first ionized 
electron can kick out a second bound electron leading 
to formation of a double-K-vacancy state. As a 

consequence, double K-shell photo ionization can only 
result from electron-electron correlation effects4, 5. 

accurately. The disadvantage of the photo ionization 
method is the small probability for the creation of a 
double K vacancy, rendering high intensity synchrotron



 

 

 

atom can be producing either a single14or a

 

multiphoton15

 

process. Two photons are used to excite 
two K electrons nearly simultaneously. In a single 
photon excitation experiment, which was the method

 

used in this work, both electrons are excited as a result 
of a single photon absorption.

 

The hyper

 

satellites in these studies were very 
poor both in intensity and resolution. Richard et al16

 

were

 

the first to study hyper

 

satellites of Calcium by heavy ion 
bombardment using the crystal spectrometer. This was 
followed by the work of Yohkoawaya17

 

who measured

 

K2Ln/KLn

 

intensity ratio of Nickel, Iron, Chromium and 
Titanium by ion bombardment. Briand et al18

 

observed 
hypersatellites in Copper, Nickel and Iron in a study by 
electron bombardment. Keski-Rahkonen et al19

 

studied 
hyper

 

satellite spectra of Magnesium, Vanadium, 
Chromium, Manganese and Iron by photon excitation. 
Pure Copper Kα

 

hyper

 

satellite spectrum generated by 
photo excitation using Synchrotron radiation is reported 
by Diamant

 

et al 3. 
In general,

 

experimental procedures, theoretical 
computations based on some models, and some 
investigations carried out in this field at various 
laboratories in the world are examined with special 
references to chemical effects and Z systematics. 

 

II.
 
Experimental Procedures

  

The procedure, for utilizing WDXRF, adopted in 
recording the spectra is to introduce the sample in the 
sample holder and to record the intensities in 2θ

 

steps 
of suitable angular intervals ranging from 0.01 to 0.050. 
In general, good statistics are maintained in counting.  
In each case, the experiment is repeated at least four 
times, using fresh sample each time. 

 

The collected data are first smoothed using 
sliding least square fitting and then the spectra are 
corrected for background using an appropriate 
computer programmer. The deconvolution of the peaks 
and estimation of areas under different peaks is carried 
out by one of the codes like ‘PEAK-FIT’20 software 
version 4.11 of Systat Software Inc.

 

Energy calibration of 
the crystal is done by taking spectra of some element 
standards and assuming the established values of the 
diagram lines and Calibration parameters are 
determined. Using these energies of the X-ray is 
determined.

 

The estimated intensities, however, do not 
represent the absolute intensities, as they have to be 
corrected for various effects.  Since the present interest 
is on the relative intensities and the energy regions 
covered for each element for the satellites are very 
small, the final total correction on relative basis is small.  
Hence normally no corrections need be applied21.  
However, corrections like

 

Self-Absorption in the Sample, 

Crystal Reflectivity, Window Absorption, and Efficiency

 

of the Detector

 

are applied, even though small, in the 
present investigations.  

 
III.

 
Theoretical Computations based on 

some Models

  
Different theoretical models are developed for 

the computation of energy shifts of hyper

 

satellites 
relative to their respective diagram lines. The theoretical 
explanation of hyper

 

satellite energy shifts can be 
defined by using calculations like; 

 
D-H-S calculations: -Chen et al2

 

estimated the energy 
shifts of the Kα

 

hyper

 

satellites Kα1
h and Kα2

h

 

from the Kα

 
diagram line. They have completed the energy shift of 
Kα

 

hyper

 

satellites relative to the diagram line in the 
intermediate coupling scheme using Dirac–Hartee-Slater 
wave functions and incorporating the full Breit interaction 
and the final state splitting produced by the Coulomb 
and Breit interactions in addition to the electrostatic 
interaction. The Breit interaction operator used was

 𝐻𝐻𝐵𝐵𝐵𝐵 =
−1
𝐵𝐵12

[
 
𝛼𝛼1���.𝛼𝛼2���𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵12 + (1 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵12)]

 
𝛼𝛼1���.𝛼𝛼2��� = 𝐷𝐷𝐷𝐷𝐵𝐵𝐷𝐷𝑐𝑐𝐷𝐷𝐷𝐷𝐷𝐷𝐵𝐵𝐷𝐷𝑐𝑐𝐷𝐷𝑐𝑐

 
Where r12 = distance between the

 
two interacting 

electrons 

 For atoms with double inner shell vacancies, the 
multiplet splitting can be found by evaluating the 
corresponding coupled two hole matrix elements of the 
electrostatic and Briet interaction operators. As closed 
shells do not contribute to the multiplet splitting22

 
the 

splitting of the double hole states is determined by the 
coupled – two- hole states alone. The sum of the 
electrostatic and Breit operators is,

 

𝐻𝐻𝐶𝐶𝐵𝐵𝐵𝐵 =
1 − 𝛼𝛼1��� 

.𝛼𝛼2���
𝐵𝐵12

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵12 

Hence, the energy matrix of the electrostatic 
and Breit operators between the anti-symmetrized j-j 
coupled two hole states, which can be separated in to 
direct and exchange matrix elements is, 

⟨𝑗𝑗1𝑗𝑗2𝐽𝐽𝐽𝐽|𝐵𝐵12
−1(1 − 𝛼𝛼1���.𝛼𝛼2��� )𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵12|𝑗𝑗1𝑗𝑗2𝐽𝐽𝐽𝐽⟩ = 𝐷𝐷 − 𝐸𝐸 

Chen2

 

et al
 

have calculated these shifts with 
some gaps in the Z range of present interest.  Values 
are available for Calcium (Z=20) and Manganese 
(Z=25). The values for the other elements are 
interpolated from the values given in the Table

 
1.The 

theoretical hyper satellite energy shift varies smoothly 
with Z in this region. 
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radiation sources vital for these experiments. A hollow 



 

 

Table 1: Theoretical Energy shifts (in eV) of the Kα
hL0

 hyper satellites with respect to the KαL0

 diagram line23

 
Atomic number Kα1

h Kα1 Kα2
h Kα2 

18
 

184.4
 

175.5
 

20
 

206.3
 

197.4
 

25
 

260.7
 

254.9
 

30
 

317.3
 

314.0
 

36
 

388.0
 

387.6
 

40
 

438.9
 

439.1
 

45
 

506.6
 

506.4
 

M.C.D.F.Caliculations: -Multi Configuration Dirac Fock 
calculations made in the intermediate coupling scheme 
takes in to consideration the relativistic effects. But Breit 
interaction is omitted from the final splitting calculations. 
The Breit operator is expressed as, 

𝐻𝐻𝐵𝐵𝐵𝐵����� = −
1

2𝐵𝐵12

[ 𝛼𝛼1���.𝛼𝛼2��� +
1
𝐵𝐵12

2 (𝛼𝛼1���. 𝐵𝐵12����)(𝛼𝛼2���. 𝐵𝐵12����)] 

Where αi Dirac matrices and r12 is the distance 
between the two interacting electrons. In the MCDF 
calculations only the average contribution of this Breit 
operator which is valid only in the long wave length 
limit24

 is taken into account. According to Chen2
 these 

calculations tend to overestimate the hyper satellite 
energy shifts. 

IV. Dependence on Mode of Excitation, 
Chemical Effects and Z Systematics 

A review of the literature shows that 
experimental investigations were carried out on hyper 

satellites on low and medium Z elements (mostly up to 
Z=32). In these studies attention was paid to the 
aspects of dependence on mode of excitation25, 26, 
chemical effect27

 and Z systematics. Related to this for 
any element and chemical compounds regarding to 
their atomic number and projectiles has different energy 
shift and intensity ratio. When we see the oxidation 
number of any pure element is zero while the oxidation 
number of compounds are higher relative to one the 
other and also even if the oxidation number increase or 
decrease there is no variation in energy shift while the 
value of the intensity ratio increase or decrease. 
Dependence on Mode of Excitation: 1) Projectile 
Dependence of Energy Shifts:- The Kα satellite energies 
are listed in Tables 2. In the case of the Al satellites, no 
systematic variation of the peak energies with projectile 
atomic number could be discerned. 
 
 

Table 2 : K X-ray energies for Al, Cl and K28
 

 
X-ray peak 

Initial state 
vacancy 

configuration 

 
Al 

 
Cl 

 
K 

X-ray energy 
1 1s-1

 1486.6 2621.9 3312.9 
2 1s-12s-1 

1s-12p-1
 

 
1496.9(±0.1) 

 
2640.2(±1.4) 

 
3336.0(±3.2) 

3 1s-12s-2
 

1s-12s-12p-1
 

1s-12p-2
 

 
1507.9(±0.2) 

 
2658.8(±1.8) 

 
3357.1(±4.0) 

4 1s-12s-22p-1

 1s-12s-12p-2

 1s-12p-3

 

 1521.3(±0.3)
 

 2678.5(±2.2)
 

 3379.1(±4.7)
 

 
5 1s-12s-22p-2

 1s-12s-12p-3

 1s-12p-4

 

 1535.1(±0.3)
 

 2699.1(±2.0)
 

 3402.3(±5.7)
 

6 1s-12s-22p-3 

1s-12s-12p-4 

1s-12p-5

 

 1549.9(±0.5)
 

 2720.3(±2.8)
 

 3427.5(±5.3)
 

7 1s-12s-22p-4

 1s-12s-12p-5

 
 _  2743.5(±2.7)

 
 3452(±5.6)
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8 1s-12s-22p-5 _ 2769.8(±3.6) 3481.2(±5.6)



 

 

   The listed energies are the averages obtained 
for all runs with all projectiles and the indicated errors 
are root mean square deviations. The absolute error

 

in 
the satellite energies for Cl and K are essentially the 

same as those given for Al.

 

2)

 

Projectile Dependence of 
Intensity Ratio: -

 

Watson et al28

 

studied how KαLn

 

relative 
intensity varies with different projectiles in Al, Cl and K. 

 
Table 3 :

 

Relative Kα X-ray satellite intensity for Al, Cl, and K using 1.7MeV/amu28

 Target

 

Projectile

 

No. of L shell vacancy

 
 
 Al

 

 

0

 

1 2 3

 

4

 

5 6 7 
H 0.858

 

0.142

 

_ _ _ _ _ _ 
He

 

0.664

 

0.285

 

0.051

 

_ _ _ _ _ 
C 0.068

 

0.215

 

0.366

 

0.239

 

0.090

 

0.023

 

_ _ 
O 0.045

 

0.128

 

0.312

 

0.293

 

0.168

 

0.053

 

_ _ 

 Cl

 

He

 

0.680

 

0.320

 

_ _ _ _ _ _ 
C 0.053

 

0.229

 

0.363

 

0.256

 

0.094

 

0.005

 

_ _ 
O 0.028

 

0.133

 

0.304

 

0.316

 

0.170

 

0.049

 

_ _ 

 K 
He

 

0.765

 

0.235

 

_ _ _ _ _ _ 
C 0.074

 

0.307

 

0.353

 

0.208

 

0.058

 

_ _ _ 
O 0.045

 

0.185

 

0.316

 

0.271

 

0.142

 

0.042

 

_ _ 

From the Table 3
 
in all Al, Cl and K targets the 

intensity under He projectile decrease as a number of 
vacancy increase; while directly correlated with atomic 
number. As we see under the Table 3

 
in the case of C 

and O projectile the value of intensity is not consistent 
when Z increases.

 
3)

 
Chemical Effects: - A noticeable 

chemical effect was observed in the case fluorine K. 
Ram Narayana et al29. 4)Z Systematics (Z Dependence 
of Relative intensities): -

 
Raju et al6 measured energies 

and intensities of Kα
 
hyper satellites and Kβ

 
satellites of 

the elements in the Z range 19-25 by photon excitation. 
The relative intensity of the Kα

 
hyper satellite with respect 

to that of the Kα

 

diagram line is related
 
to the ratio of 

double K-shell to single K-shell ionization. This intensity 
ratio was plotted as a function of Z. It decreases 
smoothly and exponentially with Z.

 
The Kβ

 

satellite 
relative intensity with respect to that of Kβ

 

diagram line 
was plotted as a function of Z.

 
This also was observed 

to vary exponentially and smoothly with Z.
 

5)Z 
Dependence of Energy Shift: -Raju et al6supplemented 
their data with those reported by other authors  on Kα

 hyper
 
satellite energy shift relative to the Kα

 
diagram line 

in
 
the Z range 12-30 and studied the variation of this 

with respect to Z. They   found the relationship to be 
linear. They obtained from the plot of this ∆(E) versus Z, 
the following empirical relationship

 
∆𝐸𝐸(𝐾𝐾𝛼𝛼ℎ) =  −3.0 + 10.048𝑍𝑍

 

V. Conclusions 

WDXRF has an auxiliary collimator mounted in 
front of the detector helps in improving the resolution, 

analyzing crystal spectrometer is effected and data 
acquired by a personal computer making use of Philips 
super QMS windows based software, a suitable voltage 
and current to operate easily, sample changers for fast 

data collection etc. used to determining the energy shift 
and intensity of x-ray satellites. Due to this instrument 
the production of a satellites have been registered for a 
double-vacancy states existing in

 
the K-shells is called 

X-ray hyper
 
satellites.

 When the atom is doubly ionized in K-shell and 
if one of these holes is filled by transitions from outer 
shell K X-ray hyper

 
satellites (weak lines) are emitted. 

These lines appear on high energy side of the diagram 
lines.

 
Study of

 
K X-ray hyper

 
satellites

 
provides 

information on the; intra atomic relations, excitation 
dynamics, relaxation and other factors influencing X-ray 
emissions. 

Energies and relative intensities of hyper
 satellites of high Z-elements were determined by various 

researchers using crystal spectrometer by applying 
photon, electron, and ion excitation modes. 
Investigations were carried out to examine chemical 
shifts, it was found that relative intensities are 
susceptible to the chemical environment but energies 
are not much affected by it.

 
Generally, from different literature, studies were 

not cover an energy from small Z-elements which have 
smaller wavelength of the satellites. So that the existing 
few studies about hyper satellites can be extended to 
cover all elements. Because a number of synchrotron 
facilities are being developed throughout the world; 
using these tunable hard X-ray sources, energy 
dependence of these processes can be studied more 
efficiently. 
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On the New Solitary Wave Solution of the 
Generalized Hirota-Satsuma Couple KdV 

System
Mostafa M. A. Khater

Abstract- In this article, we employ expansion method 

for the generalized Hirota-Satsuma couple KdV system to find 
the exact traveling wave solutions involving parameters with 
the aid of Maple 16. When these parameters are taken special 
values, the solitary wave solutions are derived from the exact 
traveling wave solutions. It is shown that the  

expansion method provides an effective and a more powerful 
mathematical tool for solving

 
nonlinear evolution equations in 

mathematical physics. Comparison between our results and
 

the well-known results will be presented.
 

Keywords:
 

the generalized hirota-satsuma couple KdV
 

system, the -expansion method,  traveling wave 
solutions, solitary wave solutions, bell singular soliton 
solutions.

 

I.
 

Introduction
 

o one can deny the important role which played 
by the nonlinear partial differential equations

 
in 

the description of many and a wide variety of 
phenomena not only in physical phenomena,

 
but also in 

plasma, fluid mechanics, optical fibers, solid state 
physics, chemical kinetics and

 
geochemistry 

phenomena. So that, during the past five decades, a lot 
of method was discovered

 
by a diverse group of 

scientists to solve the nonlinear partial differential 
equations. For examples

 
tanh -

 
sech method [12],[16] 

and [18], extended tanh -
 
method [13], [6] and [20], 

sine –
 
cosine

 
method [19], [17] and [22], homogeneous 

balance method [4], the exp expansion Method
 

[11], Jacobi elliptic function method [3], [5], [14] and 
[24], F-expansion method [2], [21] and [9],

 
exp-function 

method [8] and [7], trigonometric function series 
method [32], 

 
expansion

 
method [10], [15], [29] 

and [26], the modi_ed simple equation method [1], [27], 
[30], [28], [31] and

 
[25] and so on.

 

The objective of this article is to apply 
the expansion method for finding the exact 

traveling

 

wave solution of the generalized Hirota-
Satsuma couple KdV system [23], which play an

 

important role in mathematical physics.

 
 
 

 
 
 

Author:
 

Department of Mathematics, Faculty of Science, Mansoura 
University, Mansoura, Egypt. e-mail: mostafa.khater2024@yahoo.com

 

 

The rest of this paper is organized as follows: In 
section 2, we give the description of the modified simple

 

equation 

 

method. 

 

In 

 

section 3,  we  use this method to

 

find the exact solutions of the

 

nonlinear evolution 
equations pointed out above. In section 5, conclusions 
are given.

 

II.

 

Description of Method

 
Consider the following nonlinear evolution 

equation
  

                                                                           

 
where F is a polynomial in u(x; t) and its partial 
derivatives in which the highest order derivatives

 

and 
nonlinear terms are involved. In the following, we give 
the main steps of this method :

 

Step 1.

 

We use the wave transformation

 
                                                                           

 

where c is a constant, to reduce Eq.(2.1) to the following 
ODE:

 
                                                                          

 

where P is a polynomial in 

 

and its total derivatives,

 

while
  Step 2.

 

Suppose that the solution of Eq.(2.3) has the 
form:

                                                                           

 
     

  

 
                                                                         

 

where 

 

and 

 

are arbitrary constants.

 

The positive 
integer M can be determined by considering

 

the 
homogeneous balance between the highest order 

N 

(
G′

G

)
-

(
G′

G

)
-

(
G′

G

)

−ϕ (ξ ))(

G ′

G )(

(
G′

G

)

F (u, ut, ux, utt, uxx, ....) = 0, (2.1)

u(x, t) = u(ξ), ξ = x− ct, (2.2)

P (u, u′, u′′, u′′′, .....) = 0, (2.3)

u(ξ ){
u′ = du

dξ

}
.

U(ξ) = a0 +
m∑
j=1

aj
G
′

G

j

, am 6= 0,

( )
(2.4)

where and , for ( ), are constants 
to be determined later, satisfies a second order 
linear ordinary differential equation (LODE):

a0 aj j = 1, 2, 3, ...,m
G(ξ )

G
′′

+ λG
′
+ µG = 0, (2.5)

λ µ

derivatives and nonlinear terms appearing in Eq.(2.3). 
Moreover precisely, we define the degree of as u (ξ )
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A
)

)

, which gives rise to degree of other 
expression as follows:
D (u (ξ)) = m



   
 

 
 

 
Therefore, we can find the value of m in Eq.(2.4)

 

Step 3.

 

Substitute Eq.(2.4) along Eq.(2.5) into Eq.(2.3) 
and collecting all the  terms of  the

 

same  power   
 

and equating them to zero, we obtain 
a system of algebraic

 
equations, which can be solved 

by Maple or Mathematica

 

to get the values of 

 

, since 

 

The solution of Eq.(2.5) depending on whether 

  

  
are given

 

as

 Case 1.

 

When 
  

                                                                                                                                                              

 

Case 2. When 
  

 

                                                                                                                                                              

Case 3.

 

When   

 
                                                                                                                                                            

The above results can be written in simplified forms as

 

Case 1. When 
  

                                                                                                                                                           

 
Case 2. When 

 
                                                                                                                                                     

 
Case 3. When 

  

                                                                                                                                                         

 
substituting these values and the solutions of 

Eq.(2.5) into Eq.(2.3) we obtain the exact

 

solutions of 
Eq.(2.1).

 

III.

 

Application

 

Here, we will apply the
 

expansion 
method described in Sec.2 to find the exact traveling

 

wave solutions and the
 

solitary wave solutions of the 
generalized Hirota-Satsuma couple KdV

 
system[23]. We 

D

(
dqu

dξq

)
= m+ q, D

(
up
(
dqu

dξq

)s)
= mp+ s (m+ q)

(
G′

G

)
j

j = 0, 1, 2, 3, ....

aj
am 6= 0 .

λ2 − 4µ > 0, λ2 − 4µ < 0, λ2 − 4µ = 0

λ2 − 4µ > 0(
G′

G

)
=

√
λ2 − 4µ

2

A1sinh(12
√
λ2 − 4µ)ξ +A2cosh(12

√
λ2 − 4µ)ξ

A1cosh(12
√
λ2 − 4µ)ξ +A2sinh(12

√
λ2 − 4µ)ξ

)
− λ

2
. (2.6)

λ2 − 4µ < 0

(
G′

G

)
=

√
4µ− λ2

2

−A1sin(12
√

4µ− λ2)ξ +A2cos(
1
2

√
4µ− λ2)ξ

A1cos(
1
2

√
4µ− λ2)ξ +A2sin(12

√
4µ− λ2)ξ

)
− λ

2
. (2.7)

λ2 − 4µ = 0 (
G′

G

)
=

A2

A1 +A2ξ
− λ

2
. (2.8)

λ2 − 4µ > 0

(
G′

G

)
=

√
λ2 − 4µ

2
tanh(

√
λ2 − 4µ

2
ξ + ξ0)−

λ

2
, tanh ξ0 =

A1

A2
,

∣∣∣∣A1

A2

∣∣∣∣ > 1. (2.9)

λ2 − 4µ < 0

(
G′

G

)
=

√
λ2 − 4µ

2
coth(

√
λ2 − 4µ

2
ξ + ξ0)−

λ

2
, coth ξ0 =

A1

A2
,

∣∣∣∣A1

A2

∣∣∣∣ < 1. (2.10)

λ2 − 4µ = 0(
G′

G

)
=

√
λ2 − 4µ

2
cot

√
4µ− λ2

2
ξ + ξ0

)
− λ

2
, cot ξ0 =

A2

A1
. (2.11)

consider the generalized Hirota-Satsuma couple KdV 
system

(
G′

G

)
-

© 2015    Global Journals Inc.  (US)
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)

)

)


ut = 1

4uxxx + 3uux + 3
(
−v2 + w

)
x
,

vt = −1
2vxxx − 3uvx,

wt = −1
2wxxx − 3uwx.

(3.1)

When = 0, Eq.(3.1) reduce to be the well 
known Hirota-Satsuma couple KdV equation. Using the 

w

Step 4.



 

                                                                                                                    
                   

 

 
 

  

 
                                                                                                                                                                    

 

 

Suppose we have the relations between (
) and ( and  

where 

 

and 

 

are arbitrary constants. 

Substituting this relations into

 

second and third 
equations of Eq.(3.2) and integrating them , we get the 
same equation and

 

integrate it once again we obtain

 

                                                                                                                                                                  

where 

 

and 

 

is the arbitrary constants of integration, and hence, we obtain

 
 

                                                                                                                                                            

 

So that, we have

 

                                                         

 

Where

 

 

 

 

 

                                                                          

 −λ1 k u
′ = 1

4k
3u′′′ + 3 k uu′ + 3 k

(
−v2 + w

)′
,

−λ1 k v′ = −1
2k

3v′′′ − 3 k u v′,
−λ1 k w′ = −1

2k
3w′′′ − 3 k uw′.

(3.2)

u and
v w and v)⇒

(
u = αv2 + βv + γ

)
(w =Av+B)

α, β, γ, A B

k2v′2 = −2αv4 − 2βv3 + 2 (λ1 − 3γ) v2 + 2c1v + c2, (3.3)

c1 c2

k2u′′ = 2αk2v′2 + k2 (2αv + β) v′′

= 2α
[
−αv4 − 2βv3 + 2 (λ1 − 3γ) v2 + 2c1v + c2

]
+ (2αv + β)

[
−2αv3 − 3βv2 + 2 (λ1 − 3γ) v + c1

]
.

(3.4)

P ′′ + lP −mP 3 = 0. (3.5)

c1 =
1

2α2 (β2 + 2λ1αβ − 6αβγ)
, v(ξ) = aP (ξ)− β

2α
, α =

β2 − 4

4 (γ − λ1)
, A =

4β (λ1 − γ)

β2 − 4
,

B =
1

6 (−γ + λ1) (β2 − 4)2
(16c3λ1β

2 − 2c3λ1β
4 − 16c3γβ

2 + 3c3γβ
4 + 56λ21γβ

2

− 48γ2λ1β
2 − 16c2 + c2β

6 − 12c2β
4 + 12c2β

2 − 16γ2λ1 − 32λ21γ − 8λ31β
2 + β4γ3

− 2β4λ31 + 32c3γ − 32c3λ1 + 48γ3 + β4γ2λ1),

l =
−a
k2

(
3β2

2α
+ 2λ1 − 6γ

)
, m =

−2αa3

k2
.

Balancing between the highest order derivatives 
and nonlinear terms appearing in 

So that, by using Eq.(2.4) we get the 
formal solution of Eq.(3.5)

P ′′ and P 3⇒ (N
= 3N) ⇒ (N= 1)

+ 2

P (ξ) = a0 + a1

(
G′

G

)
(3.6)
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  Substituting Eq.(3.6) and its derivative into 
Eq.(3.5) and collecting all term with the same power of

we obtained:
(
G′

G

)3
,
(
G′

G

)2
,
(
G′

G

)1
,
(
G′

G

)0

                                                                         

                                                                        

(
G′

G

)3

: 2 a1 +ma1
3 = 0, (3.7)

(
G′

G

)2

: 3 a1λ+ 3ma0a1
2 = 0, (3.8)

                                                                       
(
G′

G

)
1

: a1λ
2 + 2 a1µ+ la1 + 3ma0

2a1 = 0, (3.9)

                                                                      
(
G′

G

)0

: a1λµ+ la0 +ma0
3 = 0 (3.10)

wave transformation 

carries the partial differential 
equation (3.1) into the ordinary differential equation

u(x, t ) =u(ξ),v(x, t) = v(ξ),w(x, t

= w(ξ), ξ = k(x−λ1t

(

(

.



 

 

 

 

 

Solving above system of algebraic equations by using Maple program, we obtain

 

                                                                                                                                               

 

 

So that, the exact traveling wave solution

 

                                                     

 

here, we discuss the three cases:

 

Case 1. When   

                                                                                                                                                            

 

Case 2. When 
  

 

                                                                                                                                                          

 

Case 3. When 
  

                                                                                                                                                             

 

The above results can be written in simplified forms as

 

Case 1. When 
  

                                                                                                                                                           

 

Case 2. When 

  

 

l =
1

2
λ2 − 2µ, a1 = ±

√
−2

m
, a0 = ±λ

√
−1

2m
since (m < 0).

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

(
G′

G

)
. (3.11)

λ2 − 4µ > 0

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

[√
λ2 − 4µ

2

A1sinh(12
√
λ2 − 4µ)ξ +A2cosh(12

√
λ2 − 4µ)ξ

A1cosh(12
√
λ2 − 4µ)ξ +A2sinh(12

√
λ2 − 4µ)ξ

)
− λ

2

]
(3.12)

λ2 − 4µ < 0

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

[√
4µ− λ2

2

−A1sin(12
√

4µ− λ2)ξ +A2cos(
1
2

√
4µ− λ2)ξ

A1cos(
1
2

√
4µ− λ2)ξ +A2sin(12

√
4µ− λ2)ξ

)
− λ

2

]
. (3.13)

λ2 − 4µ = 0

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

A2

A1 +A2ξ
− λ

2
. (3.14)

λ2 − 4µ > 0

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

√
λ2 − 4µ

2

[
tanh(

√
λ2 − 4µ

2
ξ + ξ0)−

λ

2

]
. (3.15)

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

√
λ2 − 4µ

2

[
coth(

√
λ2 − 4µ

2
ξ + ξ0)−

λ

2

]
. (3.16)
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Case 3. When 

                                                                                                                                                                 

λ2 − 4µ = 0

P (ξ) = ±λ
√
−1

2m
±
√
−2

m

√
λ2 − 4µ

2

[
cot

√
4µ− λ2

2
ξ + ξ0

)
− λ

2

]
. (3.17)

Note that:

All the obtained results have been checked with 
Maple 16 by putting them back into the original equation 
and found correct.

IV. Physical Interpretations of the 
Solutions

In this section, we depict the graph and signify 
the obtained solutions to the generalized Hirota-
Satsuma couple KdV system. Now, we will discuss all 
possible physical significances for parameter.

case 1.
when 

we obtain the hyperbolic function solution and 
represent singular kink type solitary wave solution.

m = −1
2 , λ = 3, µ = 2, A1 = 4, A2 = 5, k = 1

λ−2 ⇒
,

case 2.
when 

we obtain the trigonometric function 
represent bell solitary wave solution.

m = −1
2 , λ = 2, µ = 3, A1 = 4, A2 = 5, k

= 1, λ−2 ⇒
 and solution 

  
case 1.
when 

we obtain the rational function solution and
represent singular kink type solitary wave solution.

m = −1
2 , λ = 2, µ = 1, A1 = 4, A2 = 5, k=

, λ−2 ⇒1



                                                                                                                                                               

 

 

 

 
 

 

 

 

 
 

 
   

 
 

 
 

 
 

 
  

 

 

V.

 

Conclusion

 

The

 

expansion method has been 

successfully used to find the exact traveling wave 
solutions

 

of some nonlinear evolution equations. As an 
application, the traveling wave solutions

 

for the 
generalized Hirota-Satsuma couple KdV system which 
have been constructed using the

 

expansion 

method. Let us compare between our results obtained 
in the present article

 

with the well-known results 
obtained by other authors using different methods as 
follows: Our

 

results of the generalized Hirota-Satsuma 
couple KdV system are new and different from those

 

obtained in [23] It can be concluded that this method is 
reliable and propose a variety of exact

 

solutions NPDEs. 
The performance of this method is effective and can be 
applied to many other

 

nonlinear evolution equations. 
The solutions represent the solitary traveling wave 

solution for

 

the generalized Hirota-Satsuma couple KdV 
system.

 

 

 

 

This research received no specific grant from 
any funding agency in the public, commercial, or

 

not-
for-profit sectors. The author did not have any 
competing interests in this research.

 

 

 

 

All parts contained in the research carried out 
by the researcher through hard work and a review

 

of the 
various references and contributions in the field of 
mathematics and the physical Applied.

 

VIII.

 

Acknowledgment

 

The author thanks the referees for their 
suggestions and comments.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
G′

G

)
-

(
G′

G

)
-

         

        

15

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V

X
 I
ss
ue

  
  
  
er

sio
n 

I
V

IV
Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 

A
)

)
On the New Solitary Wave Solution of the Generalized Hirota-Satsuma Couple KdV System

Competing Interests

Author's Contributions

(c)
Eq.(3.14)

(a)
Eq.(3.12)

(b)
Eq.(3.13)

Figure 1 : The Solitary wave solution of Eqs.(3.12),(3.13) and (3.14)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References

 

Références Referencias

 

 
 

 

 
 

 
 

 
 

© 2015    Global Journals Inc.  (US)

16

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
Y
ea

r
20

15
  

 
A

)

)

X
V

X
 I
ss
ue

  
  
  
 e

rs
io
n 

I
V

IV
On the New Solitary Wave Solution of the Generalized Hirota-Satsuma Couple KdV System

1. A. J. M . Jawad, M. D. P., and Biswas, A. Modified 
simple equation method for nonlinear evolution 
equations. Appl. Math. Comput. 217 (2010),        
869-877.

2. Abdou, M. A. The extended f-expansion method and 
its application for a class of nonlinear evolution 
equations. Chaos Solitons Fractals 31 (2007),        
95-104.

3. C. Q. Dai, J. F. Z. Jacobian elliptic function method 
for nonlinear differential -difference equations. 
Chaos Solutions Fractals 27 (2006), 1042-1049.

4. E. Fan, H. A note on the homogeneous balance 
method. Phys. Lett. A 246 (1998), 403-406.

5. E. Fan, J. Z. Applications of the jacobi elliptic
function method to special-type nonlinear
equations. Phys. Lett. A 305 (2002), 383-392.

6. Fan, E. F. Extended tanh-function method and its 
applications to nonlinear equations. Phys. Lett. A. 
277 (2000), 212-218.

7. H. Aminikhad, H. Moosaei, M. H. Exact solutions for 
nonlinear partial differential equations via exp-
function method. Numer. Methods Partial Differ. 
Equations 26 (2009), 1427-1433.

8. J. H. He, X. H. W. Exp-function method for nonlinear 
wave equations. Chaos Solitons Fractals 30 (2006), 
700-708.

9. J. L. Zhang, M. L. Wang, Y. M. W. Z. D. F. The 
improved f-expansion method and its applications. 
Phys.Lett.A (2006).

10. M. L. Wang, J. L. Zhang, X. Z. L. The ( )-
expansion method and traveling wave solutions of 
nonlinear evolutions equations in mathematical 
physics. Phys. Lett. A 372 (2008), 417-423.

11. Mahmoud A.E. Abdelrahman, E. H. M. Z., and 
Khater, M. M. Exact traveling wave solutions for 
power law and kerr law non linearity using the 
exp(? ))-expansion method. Global Journal of 
Science Frontier Research: F Mathematics and 
Decision Sciences 14 (2014).

12. Malfliet, W. Solitary wave solutions of nonlinear wave 
equation. Am. J. Phys. 60 (1992), 650-654.

13. S. A. EL-Wakil, M. New exact traveling wave 
solutions using modified extented tanhfunction
method. Chaos Solitons Fractals 31 (2007).

14. S. Liu, Z. Fu, S. L. Q. Jacobi elliptic function 
expansion method and periodic wave solutions of 
nonlinear wave equations. Phys. Lett. A 289 (2001), 
69-74.

15. S. Zhang, J. L. Tong, W. A generalized ( )-
expansion method for the mkdv equation with 
variable coefficients. Phys. Lett. A 372 (2008), 
2254-2257.

16. W. Malfliet, W. H. The tanh method: Exact solutions 
of nonlinear evolution and wave equations. 
Phys.Scr. 54 (1996), 563-568.

G
′

G

φ (ξ

G
′

G

17. Wazwaz, A. M. A sine-cosine method for handling 
nonlinear wave equations. Math. Comput. Mod. 40
(2004), 499-508.

18. Wazwaz, A. M. The tanh method for traveling wave 
solutions of nonlinear equations. Appl. Math. 
Comput. 154 (2004), 714-723.

19. Wazwaz, A. M. Exact solutions to the double sinh 
gordon equation by the tanh method and a variable 
separated ode. method. Comput. Math. Appl. 50
(2005), 1685-1696.

20. Wazwaz, A. M. The extended tanh method for 
abundant solitary wave solutions of nonlinear wave 
equations. Appl. Math. Comput. 187 (2007), 1131-
1142.

21. Y. J. Ren, H. Q. Z. A generalized f-expansion 
method to find abundant families of Jacobi elliptic 
function solutions of the (2+1)-dimensional nizhnik-
novikov veselov equation. Chaos Solitons Fractals 
27 (2006), 959-979.

22. Yan, C. A simple transformation for nonlinear waves. 
Phys. Lett. A 224 (1996), 77-84.

23. Yan, Z. The extended jacobian elliptic function 
expansion method and its application in the 
generalized hirotaUsatsuma coupled kdv system. 
Chaos, Solitons & Fractals 3, 15 (2003), 575-583.

24. Zahran, E. H. M., and Khater, M. M. Exact traveling 
wave solutions for the system of shallow water wave 
equations and modified liouville equation using 
extended jacobian elliptic function expansion 
method. American Journal of Computational 
Mathematics (AJCM) 2, 5 (2014), 455-463.

25. Zahran, E. H. M., and Khater, M. M. The modified 
simple equation method and its applications for 
solving some nonlinear evolutions equations in 
mathematical physics. Jokull journal 64 (May 2014),
297-312.

26. Zahran, E. H. M., and Khater, M. M. A. Exact 
solution to some nonlinear evolution equations by 
the ( )- expansion method. Jokull journal 64 
(2014), 226-238.

27. Zayed, E. M. E. A note on the modified simple 
equation method applied to sharam-tassoolver
equation. Appl. Math. Comput. 218 (2011), 3962-
3964.

28. Zayed, E. M. E., and Arnous, A. H. Exact solutions 
of the nonlinear zk-mew and the potential ytsf 
equations using the modified simple equation 
method. AIP Conf. Proc. 1479 (2012), 2044-2048.

29. Zayed, E. M. E., and Gepreel, K. A. The ( ) 
expansion method for finding traveling wave 
solutions of nonlinear partial differential equations in 
mathematical physics. J. Math. Phys. 50 (2009), 
013502-013513.

30. Zayed, E. M. E., and Ibrahim, S. A. H. Exact 
solutions of nonlinear evolution equation in 

G
′

G

G
′

G

¨

¨



 

 
 

 
 

 

 
 

  
 

 
 

 
 

 
  

 

  
 

 

 

  
 

  
 

 
 

 
 

 
   

 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

  
 

 

 

  
 

 

 

 

 
 

 

 

 
  

 

 
 

 

  
  

 

 
 

 
 

  
 

 

  
 

 
 

         

        

17

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V

X
 I
ss
ue

  
  
  
er

sio
n 

I
V

IV
Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 

A
)

)
On the New Solitary Wave Solution of the Generalized Hirota-Satsuma Couple KdV System

mathematical physics using the modified simple 
equation method. Chin. Phys. Lett. 29 (2012).

31. Zayed, E. M. E., and Ibrahim, S. A. H. Modified 
simple equation method and its applications for 
some nonlinear evolution equations in mathematical 
physics. Int. J. Computer Appl. 67 (2013), 39-44.

32. Zhang, Z. Y. New exact traveling wave solutions for 
the nonlinear klein-gordon equation. Turk. J. Phys. 
32 (2008), 235-240.



 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

On the New Solitary Wave Solution of the Generalized Hirota-Satsuma Couple KdV System

© 2015    Global Journals Inc.  (US)

18

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
Y
ea

r
20

15
  

 
A

)

)

X
V

X
 I
ss
ue

  
  
  
 e

rs
io
n 

I
V

IV



© 2015. Michael A. Sherbon. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: A 
Physics and Space Science 
Volume 15  Issue 4 Version 1.0 Year  2015 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
Quintessential Nature of the Fine-Structure Constant          

By Michael A. Sherbon 
Case Western Reserve University Alumnus, United States      

Abstract- An introduction is given to the geometry and harmonics of the Golden Apex in the Great 
Pyramid, with the metaphysical and mathematical determination of the fine-structure constant of 
electromagnetic interactions. Newton's gravitational constant is also presented in harmonic form 
and other fundamental physical constants are then found related to the quintessential geometry 
of the Golden Apex in the Great Pyramid. 

Keywords:  quintessence, fine-structure constant, great pyramid, physical constants, 
electromagnetism. 

GJSFR-A Classification : FOR Code: 240199p 
 

QuintessentialNatureoftheFineStructureConstant 
 
 
 
 
 

Strictly as per the compliance and regulations of : 

 



 
 

Quintessential Nature of the Fine-Structure 
Constant 
Michael A. Sherbon

 

 

 

 

  

 

 

 

 

 

 

 

   

 

     

  

 
  

 

    
    

 

  

  
          

   

 

 

   

 

 

 

     

                                         

        

 

         

  

 

         

        

19

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V

X
 I
ss
ue

  
  
  
er

sio
n 

I
V

IV
Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 

A
)

)

Abstract- An introduction is given to the geometry and 
harmonics of the Golden Apex in the Great Pyramid, with the 
metaphysical and mathematical determination of the fine-
structure constant of electromagnetic interactions. Newton's 
gravitational constant is also presented in harmonic form and 
other fundamental physical constants are then found related to 
the quintessential geometry of the Golden Apex in the Great 
Pyramid. 

Keywords: quintessence, fine-structure constant, great 
pyramid, physical constants, electromagnetism.

I. Introduction

he geometry of the Great Pyramid of Giza, as 
stated by Eckhart Schmitz in The Great Pyramid of 
Giza,  “... demonstrates extraordinary precision in 

relaying highly accurate geodetic knowledge...” and “it 
is evident, with a very high degree of probability, that the 
design parameters were expressly intent on conveying 
this advanced knowledge.” [1]. In The Essence of the 
Cabalah, William Eisen describes the fundamental 
geometry of what was known as the Golden Apex of the 
Great Pyramid and the ancient  pre-pharaonic science 
of the Agashan Masters [2].

II. Golden Geometry of the Great
Pyramid

The Golden Apex of the Great Pyramid  is  the 
side of a square in the  upper part of  the capstone 
resulting  from  four exponential curves at the base of 
the Great Pyramid [2]. Golden Apex of the Great 
Pyramid  𝐴𝐴: 

                       𝐴𝐴 = 𝑒𝑒𝜋𝜋 + 7𝜋𝜋 − 1 ≅ 0.1495                     (1)

The inverse of the Golden Apex 𝐴𝐴−1 is a
harmonic of Newton's gravitational constant G. 
𝐴𝐴−1 ≅ 𝜙𝜙√2π𝑒𝑒 ≅ 𝜙𝜙 ln⁄ (4 𝜋𝜋⁄ ) and 4 π ≅⁄ √11𝐴𝐴.   𝐴𝐴 + 1 ≅

Author: Case Western Reserve University Alumnus. 
e-mail: michael.sherbon@case.edu

  

280 cubits. 140 360⁄ ≅ e 7⁄ ≅ √𝐴𝐴 and 4 × 440 ≃ 2𝜋𝜋 ×
280. The height of the Golden Apex, 4𝐴𝐴 2⁄ π  ≅ S−2, the
silver constant of the heptagon, see Eq. (4).

                          𝑅𝑅𝐴𝐴 ≅ �𝜙𝜙/𝑒𝑒2 ≅ ln(𝜋𝜋/√7)                        (2)

The golden ratio approximates the squaring of 

heptagon  geometry.  2𝑅𝑅 = csc (𝜋𝜋 7⁄ ) and 𝑅𝑅  ≅ 𝜙𝜙 √2⁄
≅ 13 7⁄ 𝜙𝜙 ≅ ln π ≅ 2 √3⁄ ≅ 7 √37⁄ . The tan

𝑆𝑆−1≅ π−1. In the Timaeus,   Plato “considered  the 
golden section to be the most binding of all 
mathematical relationships and the key to the physics of 
the cosmos,” quoted by Robert Schoch and Robert 
McNally in Pyramid Quest [3]. Quintessence is 
associated with the dynamic aether and also embraces 
the four known forces of nature. 

           𝑄𝑄 = 𝐶𝐶 √2⁄ ≅ √𝑒𝑒 𝜙𝜙 ≅⁄ 1+ α𝜙𝜙2,                  

where α ≅1 137⁄ is the fine-structure constant and 
quintessence 𝑄𝑄 ≅ 377/370 ≅ √11/𝑆𝑆 ≅ 1.019.   𝐶𝐶2

is the approximate inner diameter of the regular 
heptagon with side equal to one. 𝐶𝐶2 ≅ cot(π 7⁄ ) ≅
1 ln⁄ 𝜙𝜙.  Also, 𝐶𝐶𝑄𝑄 ≅ �𝜙𝜙R ≅ csc α−1. With the golden 
ratio 𝜙𝜙 ≅ 𝐴𝐴 + 𝐶𝐶𝑄𝑄 and 𝜙𝜙2 ≅ 𝐴𝐴+ 𝐶𝐶 + 𝑄𝑄. In elementary 
form, 22 = 1 + (3 × 7) ≅ 7π.  Also, 𝐶𝐶 = √2𝑄𝑄 ≅ 1.441.

Aristotle coined the term quinta essentia for 
Plato's fifth element, often represented by the 
dodecahedron. The quintessence is described in 
Malcolm Macleod's geometry of angular momentum 
model as the harmonic 𝑄𝑄 and also has units from the 
square root of Planck angular momentum [4].  The 
golden ratio is an approximate harmonic of the Planck 

T 

length in meters and harmonics of fundamental units 

𝑅𝑅 ≅ 1.152,  the approximate radius of the regular 
heptagon with the side equal to one. 𝐴𝐴 ≅ π √440⁄ ≅
�𝜋𝜋 140⁄ ,  the base of the Great Pyramid is 
approximately 440 cubits, and the height is 2 × 140 =

harmonic of half the Great Pyramid base length in 
meters, and 𝐶𝐶𝑄𝑄 is a harmonic of the height in meters. 
The ln 𝐴𝐴−1≅ sec 𝑄𝑄  ≅ 6 π  ≅ π⁄ √𝑒𝑒⁄ , the cube-sphere 
ratio. With golden ratio overlay software, a golden spiral 
centered on the Eye of Ra in Robert Temple's plan of the 
Giza Plateau, is shown to pass through both the Golden 
Apex of the Great Pyramid and the Great Sphinx of Giza. 

have a geometric basis in ancient metrology [5]. R is a 

(3)

the  circle  and   is  also  closely  related  to   the  
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Ratio of the length of the sides of Temple's Perfect 
Square of Giza/Shadow Square of Giza is approximately 
equal to 𝑄𝑄 [6]. 𝑄𝑄 ≅ √7𝐴𝐴 ≅ ln�𝑅𝑅 𝐴𝐴⁄ ≅ 𝐴𝐴 + R−1 and 
ln (𝑆𝑆 𝑄𝑄⁄ )≅ π 𝑒𝑒⁄ . The tan 𝑄𝑄 ≅ 𝜙𝜙.  

                     𝐴𝐴 ≅ √11/7π ≅ √𝑒𝑒/11 ≅ 2 π α S                (4)

The silver constant S from the regular heptagon, 
𝑆𝑆= 4 cos2(π 7⁄ ) ≅ 2√2𝑅𝑅  ≅ 2 tan 𝑄𝑄≅ tan�𝜙𝜙 ≅ 3.247.  
Also, 𝐶𝐶𝑄𝑄 ≅ �7 𝑆𝑆⁄ .  1 + 3 + 7 = 11.  2πα  is the ratio 
between the Compton wavelength of the electron in 
hydrogen and the Bohr radius. From the 
hyperdimensional aether, elementary charge and spin 
angular momentum (determining the fine structure 
constant) is manifested through the proportions of the 
golden ratio. The Golden Apex 𝐴𝐴≅√𝑆𝑆 12,⁄ 𝐴𝐴𝑆𝑆2 ≅
11 7⁄ ≅ π 2⁄ and α−1 ≅ 𝐴𝐴−2tan 72∘, with the regular 

pentagon angle. 𝑆𝑆  ≅√7π 𝐶𝐶⁄ and 𝐶𝐶2 ≅ 𝑅𝑅√𝑆𝑆 ≅ cot (π 7⁄ ).
Jean-Paul and Robert Bauval describe in the 

Secret Chamber Revisited how prime numbers 7 and 11 

are significant keys to the Great Pyramid [7]. The 

number seven was “especially dedicated to Sirius,” [1, 

8, 9]. Half the face apex angle of the Great Pyramid is 

approximately 32∘ [10]. 11 × 11 = 121 and 121 137⁄ ≅
√2 tan 32∘. 𝐺𝐺𝑎𝑎 ≅ 1 √𝑅𝑅𝐴𝐴⁄ ≅ 2√𝐶𝐶. ln 11 ≅ 2.4, where 𝐺𝐺𝑎𝑎 is
the golden angle in radians. From the pyramid face 

apex angle, tan 64∘ ≅ √11 /𝜙𝜙 ≅ 137 67⁄ .  
The special number 528 translates as the Key to 

the Pyramid of Light [11, 12]. The harmonic  5.28 ≅
37 7⁄ ≅ 2√7≅ eπ 𝜙𝜙⁄ . Also, 2𝜋𝜋 ≅ ln(528) and 5.28 ≅
2𝜋𝜋 √𝐶𝐶⁄ ≅ π 4⁄ 𝐴𝐴. Found in several places, 2.64′ is the
width and height of the Ark of the Covenant, the 
proportioned Golden Apex height and section lengths 
above the 5.28′ rise in the Grand Gallery. 
2.64≅ 𝑄𝑄 √𝐴𝐴⁄ ≅ √7.

III. Mathematics of the Fine-Structure
Constant

The fine-structure constant was introduced by 
Arnold Sommerfeld with the addition of elliptic orbits to 
Bohr’s atomic model [13]. The fine-structure constant 
determines the strength of the electromagnetic 
interaction and being related to quintessence it is
involved in all aetheric phenomena. The usual definition 
for alpha, the fine-structure constant is  α = e2 ℏ⁄ 𝑐𝑐 in
cgs units. Mark Rohrbaugh's review of Nassim 
Haramein's work motivated the question of recombining 
the classical electron radius 𝑟𝑟𝑒𝑒 = e2 𝑚𝑚𝑒𝑒⁄ 𝑐𝑐2 with the
formulation by Haramein for the proton charge radius, 
from the modified Eq. (31) 𝑟𝑟𝑝𝑝 = 4ℏ 𝑚𝑚𝑝𝑝⁄ 𝑐𝑐 [14].

                            α= 4 �𝑚𝑚𝑝𝑝 𝑚𝑚𝑒𝑒⁄ �⁄ �𝑟𝑟𝑝𝑝 𝑟𝑟𝑒𝑒⁄ �                       (5)

When substituting the reference value for alpha 
and using the latest reference values for the proton and 
electron mass with the classical radius of the electron, 
gives a value for the proton radius 𝑟𝑟𝑝𝑝 ≅ 0.8412 fm. The 
proton/electron radius ratio: 𝑟𝑟𝑝𝑝 𝑟𝑟𝑒𝑒⁄ ≅ tanh 𝑆𝑆−1 ≅ 2𝐴𝐴, with 
the Golden Apex of the Great Pyramid. The inverse ratio: 
𝑟𝑟𝑒𝑒/𝑟𝑟𝑝𝑝 ≅ 5π/√7π . The inradius of the regular pentagon, 

�25 + 10√5/10, is approximately equal to −𝑒𝑒π + 7π +
ln 2π. Also, the heptagon diameter divided by the 
pentagon inradius is approximately equal to  𝑟𝑟𝑒𝑒/𝑟𝑟𝑝𝑝 . The
approximate value for the inverse fine-structure constant 
from Eqs. (9-11):

                         α−1 ≅ 137.035 999 168                         (6)

Latest value by Aoyama et al, α−1 ≅
137.035 999 157 (41), determined from quantum 
electrodynamic theory and experiment [15]. M. Temple 
Richmond says that in the esoteric tradition 137 is a 
representation of the Law of One, the Three Cosmic 
Laws and the Seven Rays [8]. Given 𝐺𝐺𝑤𝑤 is the
Wilbraham-Gibbs constant and the sinc function 
sinc 𝑥𝑥 = sin 𝑥𝑥 /𝑥𝑥, then:

                                  (7)

The Wilbraham-Gibbs constant 𝐺𝐺𝑤𝑤 ≅
sec(1) ≅ 𝜙𝜙2/√2 ≅ 1.852. The Wilbraham-Gibbs 
constant is related to the overshoot of Fourier sums in 
Gibbs phenomena [16]. ln𝐺𝐺𝑤𝑤 ≅ 1/𝜙𝜙 and 137 ≅
(37 + 37)𝐺𝐺𝑤𝑤 . 𝐺𝐺𝑎𝑎/𝐺𝐺𝑤𝑤 ≅ 𝐾𝐾𝐴𝐴 ≅ 3/2𝑅𝑅 ≅ �𝑒𝑒/𝜙𝜙, where 𝐾𝐾
is the polygon circumscribing constant. Again with 𝐾𝐾,
the Wilbraham-Gibbs constant 𝐺𝐺𝑤𝑤 ≅ π/(𝐾𝐾 − 7). The
polygon circumscribing constant 𝐾𝐾 [13]:                                                                       

          𝐾𝐾 =
𝜋𝜋
2
� sinc �

2𝜋𝜋
2𝑛𝑛 + 1

� =� sec �
𝜋𝜋
𝑛𝑛
�          

∞

𝑛𝑛=3

∞

𝑛𝑛=1

  
The polygon circumscribing constant 𝐾𝐾 ≅ 2 +

3√5 ≅ √11 𝜙𝜙2 ≅ 8.7. 𝐾𝐾𝐴𝐴 ≅ 𝑅𝑅 + 𝐴𝐴 ≅ �e/𝜙𝜙 ≅ 𝜙𝜙2/2.
Also, 1 + 𝜙𝜙−2 ≅ 𝐾𝐾/2π ≅ �6/π ≅ sinh2(1). 𝐾𝐾𝐴𝐴 + 𝑅𝑅𝐴𝐴 ≅
𝐶𝐶𝑄𝑄 and 𝐾𝐾 ≅ 10/𝑅𝑅. A curious relationship between the 
Key harmonic 528 and the polygon circumscribing 
constant 𝐾𝐾, 528/140 ≅ 𝐾𝐾/𝐷𝐷, where 𝐷𝐷 = 2𝑅𝑅 is the 
heptagon diameter.  The internal angle of the nonagon 
is 140° and is also the central angle in the ancient 
Egyptian hieroglyph for gold [10]. 𝐷𝐷 ≅ 85/37 ≅
� 𝜙𝜙2 + 𝜙𝜙2. 85/11 ≅ 𝑅𝑅/𝐴𝐴 and 528/85 ≅ 2𝜋𝜋. 440/85 ≅
π√𝑒𝑒, 137/85 ≅ 𝜙𝜙 and 12 × 44 = 528. 528/440 ≅ π/𝜙𝜙2,

(8)

𝐺𝐺𝑤𝑤= ∫ sinc𝜋𝜋
0 𝑥𝑥 𝑑𝑑𝑥𝑥 ≅ 𝜙𝜙 ln𝜋𝜋 ≅ 𝑒𝑒 sinα−1
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                        sinα−1 ≅ 7!/(713 + 137)𝐾𝐾,                     (9)

with the same approximate value for the inverse fine-
structure constant as Eq. (6). Plato's favorite symbolic 
number 5040 = 7!. 504/396 ≅ 108/85 ≅ �𝜙𝜙. 7920 
represents the canonical harmonic of the Earth's 
diameter. 7920/5040 = 11/7 and 25920/7920 = (14 +
22)/11.  25920 represents the precession of the 
equinoxes. 2592/1370 ≅ 6/π. 792/528 = 3/2, 792/
396 = 2 and 792/264 = 3. The harmonic of Newton's 
gravitational constant, 𝐴𝐴−1 ≅ ln 792. 14 × 20 = 280 and 
22 × 20 = 440 𝐷𝐷𝐾𝐾 ≅ 20. 504 = 7 × 8 × 9 and √14 ≅
𝑆𝑆𝑅𝑅.  Also, sinα−1 ≅ 2 sin (π/9). 𝐶𝐶𝑄𝑄 is the approximate 
circumradius of the nonagon. Other relationships 
include cscα−1 − sinα−1 ≅ π/4 and tan−1(4/
π) ≅ 51.85° ≅ 2 × 25.92°, the Great Pyramid base angle. 
4/π ≅ �𝑆𝑆/2 ≅ �𝜙𝜙 and 𝑅𝑅𝐴𝐴 ≅ 3/2𝐾𝐾. 2.592 ≅ 1/√𝐴𝐴 ≅
√7/𝑄𝑄. 𝐷𝐷√𝐴𝐴 ≅ 8/9 the proportion for “squaring the 
circle.” 𝐷𝐷 = 2𝑅𝑅 ≅ csc(π/7) and 𝑅𝑅 ≅ cot2 (α−1). In 
degrees, the modern golden angle, 𝐺𝐺𝑎𝑎 = 360°/𝜙𝜙2 and
the related 26.57° ≅ tan−1(1/2) is the ancient Golden 
Angle of Resurrection according to Robert Temple [6]. 
Along with the Golden Angle of Resurrection, Robert 
Temple states the Pythagorean Comma 𝑃𝑃𝑐𝑐 was one of 
the greatest secrets of the ancient Egyptians [6], 

𝑃𝑃𝑐𝑐 ≅ �2𝜙𝜙/π ≅ √7/𝜙𝜙2 ≅ 370/365. 𝑄𝑄5 ≅ 𝑃𝑃𝑐𝑐7 and 
𝑃𝑃𝑐𝑐 = (3/2)12/27 ≅ 1.0136. Also, 27/12 ≅ 3/2 ≅ 𝐴𝐴𝑅𝑅𝐾𝐾.
Another form of calculation involves the prime constant 
[13], described as a binary expansion corresponding to 
an indicator function for the set of prime numbers. The 
inverse fine-structure constant:

                                (10)

with the same approximate value for the inverse fine-
structure constant as determined in Eq. (6), having three 
prime numbers and the prime constant. The prime 
constant 𝑃𝑃 ≅ √𝑅𝑅𝐴𝐴 ≅ 𝜙𝜙2 /2π ≅ 220/528 ≅ 0.4147.
𝑃𝑃𝑄𝑄 ≅ 2√2𝐴𝐴 and 𝑃𝑃𝐾𝐾 ≅ 2√𝑆𝑆.  𝐾𝐾𝐴𝐴 ≅ 𝑃𝑃𝜋𝜋 ≅ 𝑒𝑒 ln𝜙𝜙. 852 +
1322 = 1572. Grand Gallery length in the Great Pyramid 
is 157'. 137 − 90 = 47 and 47 + 85 = 132. 132/90 =
528/360 ≅ 𝐶𝐶𝑄𝑄. 157/288 ≅ 288/528. 180/157 ≅ 𝑅𝑅 and 
337/180 ≅ 𝜙𝜙𝑅𝑅. With the Key, 528/337 ≅ π/2 and 
157/528 ≅ 2𝐴𝐴, approximate proton/electron radius ratio. 
With pyramid base, 440/337 ≅ 𝜙𝜙2 /2 and 440/157 ≅
√3𝜙𝜙. The sin 140° = sin 40° ≅ √𝑃𝑃.  528/140 ≅ 𝐾𝐾/𝐷𝐷 ≅
7/𝐺𝐺𝑤𝑤   and 140/360 ≅ 𝑒𝑒/7. The sec 40° ≅ 𝑃𝑃√3𝑆𝑆 ≅ 𝐾𝐾𝐴𝐴.

                          

         (11)

which also gives the same approximate value for the 
inverse fine-structure constant as Eq. (6), where 
𝜂𝜂 ≅ 365/365.24 and 𝜂𝜂𝜙𝜙 ≅ − sin(14/3) ≅ 286.7/287 ≅
(√2 − 1)/𝑃𝑃, inverse of the proposed “pyramid inch” by 
Taylor and Smyth [17]. The Solar Year harmonic is 
365.24. The proton/neutron mass ratio is approximately 
equal to 𝑚𝑚𝑝𝑝 𝑚𝑚𝑛𝑛⁄ ≅ 𝜂𝜂2. From the pyramid capstone 
height, 8 × 286.7 ≅ 2π × 365 [18]. 2.867/2.592≅√11/3
and 25920/2867 ≅ 2π𝐶𝐶. The ascending and 
descending passages of the Great Pyramid are 
displaced 287'' to the east [3]. 365/287 ≅ �𝜙𝜙. 365/
286.7 ≅ 4/π ≅ �𝑆𝑆/2 and 528/287 ≅ 𝑆𝑆/√π ≅ �11/𝑆𝑆.
(3 × 37)/287 ≅ √𝐴𝐴. 𝑃𝑃𝑐𝑐𝜙𝜙 ≅ 𝑄𝑄 and 𝑃𝑃𝑐𝑐𝑄𝑄 ≅ (64/63)2 ≅
sec(1/4). The inverse of the Eye of Horus fractions is 
64/63 [6]. With the polygon circumscribing constant,

√7𝜋𝜋 − 𝐾𝐾 ≅ √2 + √5 ≅ 3.65, again from the harmonic 
365 of the capstone height [18]. 504/365 ≅
√5/𝜙𝜙  and (286.7 × 8)/2π ≅ 365.  2.867 ≅ 3/7𝐴𝐴 ≅

see [13]. 504/280 ≅ √𝑆𝑆 and 504/440 ≅ ln π. 528/
504 ≅ 7𝐴𝐴.  With the angular harmonic, sinα−1 ≅
504/85𝐾𝐾 = 7!/(713 + 137)𝐾𝐾.

9/π ≅ 𝜙𝜙√π. Another expression with alpha, α−𝜙𝜙 ≅
3π223/35, having prime factors of 3, 5, 7 and 11 with a 
value approximately the same as Eq. (6). Also, α−1 ≅
(π/𝐴𝐴)𝜙𝜙and again, 2.867 ≅ 2√2𝑃𝑃𝑐𝑐 ≅ 𝐺𝐺𝑤𝑤 �𝐺𝐺𝑎𝑎 ≅ (4 +
√3)/2. The Golden Apex 𝐴𝐴 ≅ (1 + √5)−𝜙𝜙 ≅ 432/2867.
With the Wilbraham-Gibbs constant, 𝐺𝐺𝑤𝑤 ≅ 528/286.7
and 2867/528 ≅ 𝑆𝑆/4𝐴𝐴 ≅ 2𝑒𝑒. The harmonic of the Solar 
Year again, 365.24 ≅ 2π𝐾𝐾/𝐴𝐴, 365.24/140 ≅ 𝜙𝜙2 and
365.24/37 ≅ π2.   

IV. Conclusion

The height of the gold pyramidion thought to be 
on the original Great Pyramid, as described by John 
Michell (with the metrology of Algernon Berriman) [19], 
is 0.152 ≅ 𝐴𝐴𝑄𝑄 ≅ 11.7/(7 × 11),  √137 ≅ 11.7 and the
tenth part of the Greek cubit of 1.52 ≅ 𝜋𝜋 − 𝜙𝜙.  The 
modern golden angle in radians, 𝐺𝐺𝑎𝑎 ≅ 365/152. This 
small pyramidion was supposed to be the final top and 
possibly made of something like transmuted gold, 
similar to the legendary Golden Sun Disc of Mu. Reports 
about stargates, resurrection and the replication of 
golden pyramids in the hyperdimensional aether 
suggest the ancient Egyptian initiates were well-
informed by Thoth, “Architect of the Great Pyramid.” 
They knew about the mathematical constants, 
fundamental physical constants and advanced 
mathematical functions inherent in the analysis and 
applications of the golden ratio vortices of the 
quintessential dynamic aether [20]-[23]. According to 
Manly P. Hall, the capstone of the Great Pyramid was 
associated with the Eye of Horus. “The exact science of 
human regeneration is ... when the Spirit Fire is lifted up 
through the ... spinal column ... passes into the pituitary 

α−1 ≅ 157 − 337𝑃𝑃/7,

α−𝜙𝜙 ≅ 2867.2867 + 28672−𝜂𝜂 ,
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body (Isis), where it invokes Ra (the pineal gland) and ... 
the Eye of Horus is opened.” [24].

V. Acknowledgments

Special thanks to Case Western Reserve 
University, MathWorld and WolframAlpha.

References Références Referencias

1. Schmitz, E.R. The Great Pyramid of Giza: Decoding 
the Measure of a Monument, Ontario: Roland 
Publishing, 2012, 177. 

2. Eisen, W. The Essence of the Cabalah, Camarillo,
CA: DeVorss, 1984.

3. Schoch, R.M. & McNally, R.A. Pyramid Quest: 
Secrets of the Great Pyramid and the Dawn of    
Civilization, New York: Jeremy P. Tarcher/Penguin, 
2005, 168.

4. Macleod, M. Plato's Code: Fifth Element - A Model of 
the Universe in Terms of the Geometry of 
Momentum, Minsk: Plato's Code, 2007.

5. Sherbon, M.A. “Nature's Information and Harmonic 
Proportion,” SSRN Philosophy of Science eJournal, 
5, 3 (2011) SSRN:1766049.

6. Temple, R.G. Egyptian Dawn: Exposing the Real 
Truth Behind Ancient Egypt, London: Century, 2010. 

7. Bauval, R. Secret Chamber Revisited: The Quest for 
the Lost Knowledge of Ancient Egypt, Rochester,        
VT: Bear & Company, 2014.

8. Richmond, M.T. Sirius, Mariposa, CA: Source 
Publications, 1997.

9. Hope, M. Ancient Egypt: The Sirius Connection, 
Shaftesbury: Element, 1990. 

10. Sherbon, M.A. “Wolfgang Pauli and the Fine-
Structure Constant,” Journal of Science, 2, 3, 148-
154 (2012) SSRN:2147980.  

11. Gaunt, B. The Magnificent Numbers of the Great 
Pyramid and Stonehenge, Jackson, MI: Gaunt, 
1985.

12. Horowitz, L.G. The Book of 528, Las Vegas, NV: 
Tetrahedron Publishing Group, 2011. 

13. Sherbon, M.A. “Fundamental Nature of the Fine-
Structure Constant,” International Journal of Physical 
Research, 3, 2(1):1-9 (2014) SSRN:2380218.

14. Haramein, N. “Quantum Gravity and the 
Holographic Mass,” Physical Review & Research 
International, 3, 4, 270-292 (2012). 

15. Aoyama, T., Hayakawa, M., Kinoshita, T. & Nio, M. 
“Tenth-Order Electron Anomalous Magnetic 
Moment - Contribution of Diagrams without Closed 
Lepton Loops,” Physical Review D, 91, 3, 033006 
(2015) arXiv:1412.8284v3.

16. Zi-Xiang, Z. “An Observation of Relationship 
Between the Fine Structure Constant and the Gibbs   
Phenomenon in Fourier Analysis,” Chinese Physics 
Letters, 21.2, 237-238 (2004) arXiv:0212026.

17. Smyth, C.P. The Great Pyramid: Its Secrets and 
Mysteries Revealed, New York: Bell Publishing, 
1978.

18. Pecci, E.F. The Sacred Geometry of the Great 
Pyramid, Walnut Creek, CA: Pavior Publishing, 2010.

19. Michell, J. The New View Over Atlantis, New York: 
Thames and Hudson, 1995.

20. Coppens, P. The Canopus Revelation: The Stargate 
of the Gods and the Ark of Osiris, Enkhuizen, 
Netherlands: Frontier/Adventures Unlimited Press, 
2004. 

21. Henry, W. Starwalkers and the Dimension of the 
Blessed, Kempton, IL: Adventures Unlimited, 2007.

22. Hills, C.B. Rays from the Capstone, Boulder Creek, 
CA: University of the Trees, 1976. 

23. Ellis, R. Thoth, Architect of the Universe, Cheshire: 
Edfu Books, 1997.

24. Hall, M.P. The Secret Teachings of All Ages, Los 
Angeles, CA: Philosophical Research Society, 1969.     



© 2015. Getachew A. Gebru & Solomon Getahun. This is a research/review paper, distributed under the terms of the Creative 
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non 
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: A 
Physics and Space Science 
Volume 15  Issue 4 Version 1.0 Year  2015 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
Cv Bipartite Entanglement of Non-Degenerate Three-Level 
Laser with Squeezed Modes Pumped by Coherent Light          

By Getachew A. Gebru & Solomon Getahun 
Jimma University, Ethiopia      

Abstract- We analyze the CV bipartite entanglement of the light generated by a coheretly pumped 
non degenerate three-level laser with a two-mode subharmonic generator coupled to a two-
mode vacuum reservoir via a single-port mirror, whose open cavity contains N non-degenerate 
three- level cascade atoms. We carry out our analysis by putting the noise operators associated 
with a vacuum reservoir in normal order. It is found that the photon-state of the system is strongly 
entangled at steady state where as the atom state of the system is not entangled. We have also 
shown that as the stimulated decay constant increases, the degree of entanglement increases. In 
addition, we have established that the photons in the laser cavity are highly correlated and the 
photon correlation and entanglement increases as the amplitude of the coherent light driving the 
pump mode increases. Moreover, we have realized that the presence of the subharmonic 
generator leads to an increase in the degree of entanglement and correlations. 

Keywords:  continuous variables, bipartite, entanglement, quadrature squeezing, correlations, two-
mode subharmonic generator. 

GJSFR-A Classification : FOR Code: 020502 

 

CvBipartiteEntanglementofNonDegenerateThreeLevelLaserwithSqueezedModesPumpedbyCoherentLight 
 
 
 
 
 

Strictly as per the compliance and regulations of : 

 



Cv Bipartite Entanglement of Non-Degenerate 
Three-Level Laser with Squeezed Modes 

Pumped by Coherent Light 
Getachew A. Gebru α & Solomon Getahun σ 

Abstract- We analyze the CV bipartite entanglement of the light 
generated by a coherently pumped non degenerate three-level 
laser with a two-mode subharmonic generator coupled to a 
two-mode vacuum reservoir via a single-port mirror, whose 
open cavity contains N non-degenerate three- level cascade 
atoms. We carry out our analysis by putting the noise 
operators associated with a vacuum reservoir in normal order. 
It is found that the photon-state of the system is strongly 
entangled at steady state where as the atom state of the 
system is not entangled. We have also shown that as the 
stimulated decay constant increases, the degree of 
entanglement increases. In addition, we have established that 
the photons in the laser cavity are highly correlated and the 
photon correlation and entanglement increases as the 
amplitude of the coherent light driving the pump mode 
increases. Moreover, we have realized that the presence of the 
subharmonic generator leads to an increase in the degree of 
entanglement and correlations. 
Keywords: continuous variables, bipartite, entanglement, 
quadrature squeezing, correlations, two-mode 
subharmonic generator. 

I. Introduction 

ne of the most fundamentally interesting and 
intriguing phenomena associated with the 
composite quantum system is entanglement. In 

recent years, the topic of continuous-variable 
entanglement has received a significant amount of 
attention as it plays an important role in all branches of 
quantum information processing [1]. The efficiency of 
quantum  information schemes  highly depends on the 
degree of entanglement. A two-mode subharmonic 
generator at and above threshold has been theoretically 
predicted to be a source of light in an entangled state 
[2,3]. Recently, the experimental realization of the 
entanglement in two-mode subharmonic generator has 
been demonstared by Zhang et al [4]. On the other 
hand, Xiong et al [5] have recently proposed a scheme 
for an entanglement based on a non-degenerate three 
level laser when the three-level atoms are injected at the 
lower level and the top and bottom levels are coupled 
by a strong coherent light. They have found that a non-
degenerate three-level laser can generate light in an 

entangled  state employing the entanglement  criteria  for 

 
  

 
  

 

Bipartite
 
continuous-variable state [5].  
Moreover, Tan et al [6] extended the

 
work of 

xiong et al. and examined and the
 

generation and 
evolution of the entangled

 
ligth in the Wigner 

representation using the
 

sufficient and necessary 
inseparability criteria for a two-mode Gaussian state 
proposed

 
by Duan et al [5] and simon [7]. Tesfa [8]

 

have considered a similar system when the
 

atomic 
coherence is induced by superposition of atomic states 
and analyzed the entanglement at steady state. 
Furthermore,

 
Ooi [9] has studied the steady-state 

entanglement in a two-mode laser.
 

More recently, Eyob [10] has studied
 

continuous-variable entanglement in non-degenerate 
three-level laser with a parametric amplifier. In this 
model the injected

 
atomic coherence introduced by 

initially
 
preparing the atoms in a coherent superposition 

of the top and bottom levels. in addition,
 
to exhibiting a 

two-mode squeezed
 

light, this combined system 
produces light in

 
an entangled state. In one model of 

such
 
a laser, three-level atoms initially in the

 
upper level 

are injected at a constant rate
 

into the cavity and 
removed after they

 
have  decayed  due  to 

spontaneous emission.
 
It appears to be quite difficult to 

prepare
 
the atoms in a coherent superpositions of

 
the 

top and bottom levels before they are
 
injected into the 

laser cavity. Beside, it
 
should certainly be hard to find 

out that
 
the

 
atoms have decayed spontaneously before 

they are removed from the cavity.
 

In order to avoid the aforementioned
 
problems, 

Fesseha [11] have considered that
 
N two-level atoms 

available in a closed cavity are pumped to the top level 
by means

 
of electron bombardment. He has shown

 
that 

the light generated by this laser operating well above 
threshold is coherent

 
and the light generated by the 

same laser
 

operating below threshold is chaotic. In
 

addition, Fesseha [12,13] has studied the squeezing 
and the statistical properties of

 
the light produced by a 

degenerate three- level laser with the atoms in a closed 
cavity and pumped by electron bombardment.

 
He has 

shown that the maximum quadrature squeezing of the 
light generated by

 
the laser, operating far below 

threshold, is
 

50% below the coherent-state level. 
Alternatively, the three-level atoms available in a

 
closed 

cavity and pumped by coherent light
 

also generated  

O 
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maximum quadrature
 
squeezing being 43% below the 

coherent-state level. In view of these results, better 
squeezing is found from the laser, in

 
which the atoms 

are pumped by electron
 
bombardment than by coherent 

light.
 

In this paper, we seek to study CV bipartite 
entanglement for the light generated

 
by a coherently 

pumped non-degenerate
 

three-level laser with a two-
mode subharmonic generator coupled to a two-mode

 

vacuum reservoir via a single-port mirror whose open 
cavity contains N non-degenerate three-level cascade 
atoms. In

 
order to carry out our analysis, we put the

 

noise operators associated with the vacuum
 
reservoir in 

the normal order and by considering the interaction of 
the three-level

 
atoms with a two-mode vacuum reservoir

 

outside the cavity. We then first drive the
 

quantum 
Langevin equations for the cavity mode operators. We 
next determine

 
the equations of evolution of the 

expectation values of atomic operators employing
 
the 

pertinent master equation. Applying
 

the steady-state 
solutions of the equations

 
of evolution of atomic and 

cavity mode operators, we analyze the CV atomic and 
photon state entanglement as well as atom and

 
photon 

state correlations.
 

II.
 

Model and Dynamics of
 
Atomic and 

Cavity Mode Operators
 

We consider a coherently pumped non-
degenerate three-level laser with two-mode

 

subharmonic

 

generator coupled to a two-mode vacuum 
reservoir whose cavity contains N non-degenerate three-
level atoms

 

in cascade configuration as depicted in Fig

 

1. For the sake of convenience, we denote

 

the top, 
middle, and bottom levels of these

 

atoms by
  

and 

 

respectively. We

 

seek to represent the light 
emitted from the

 

top level by 

 

and the light emitted 
from

 

the middle by . In addition, in order to

 

expedite 
the cascading process, it is assumed that  the  parity of 
energy levels 

 

and 

 

is the same, where as that of  

, is

 

different. This entails that direct transition

 

between energy level 

 

and 

 

are electric dipole 
forbidden but due to parity difference, the transition 
between 

 

,

 

and 

 

are allowed.

 

The interaction of one of the three-level

 

atoms 
with light modes 

 

and 

 

can be

 

described at 
resonance by the Hamiltonian

 

                         

                             

 

                                          

 

 

where
 

                                                             
 

 

and 

                                                                             

are lowering atomic operators, and
 

is the 
annihilation operators for light modes  and , and g

 
is 

the coupling
 
constant between the atom and the cavity

 modes. 
On the other hand, a pump mode photon of 

frequency 
) directly interacts with the nonlinear crystal 

(NLC) to produce the signal-idler photon pairs having 
different frequencies as the two cavity modes. 
Furthermore, we consider the case for which the pump 
mode emerging from the NLC (or two-mode 
subharmonic) does not couple the top and bottom 
levels. This could be realized by putting on the right-
hand side of the NLC a screen which absorbs the pump 
mode. The top and bottom levels of the three-level 
atoms are coupled by a strong driving coherent light 
with the frequency . The coupling of the top and bottom levels of a three-level atom by coherent light can 
be described at resonance by the Hamiltonian 

                                                                                     

 
 in which

 
                                                                                 

 

 
and

                                                                                   

 

 
 

 
  

 
  

 
  

 
  

 

 
 

                                                                                    

 

 

in which , with 

 

is the coupling constant

 between the pump mode and

 

nonlinear crystal and 

 

is 

|2〉j, |1〉j
|0〉j

a2ˆ
a1ˆ

|2〉j |0〉j
|1〉j

|2〉j |0〉j

|2〉j → |1〉j |1〉j → |0〉j

Ĥ1(t) = ig
[
σ̂†j1 (t)â1(t)− â†1(t)σ̂

j
1(t)

+σ̂†j2 (t)â2(t)− â†2(t)σ̂
j
2(t)
]
, (1)

σ̂j1 = |0〉jj〈1| (2)

σ̂j2 = |1〉jj〈2| (3)

a1(tˆ ) â2(t)

ω3(

ω4( )

Ĥ2(t) =
iΩ

2

(
σ̂†j0 (t)− σ̂j0(t)

)
, (4)

σ̂j0 = |0〉jj〈2| (5)

Ω = 2µ0λ0. (6)

Ĥ3(t) = iε
(
â†1â

†
2 − â1â2

)
, (7)

ε = 2η0µ η0
µ

proportional to the amplitude of the coherent light 
driving the pump mode. Thus upon combining Eqs. (1), 
(4), and (7), the interaction of the three-level atoms with 
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the cavity modes and the driving coherent light, and the 
parametric down-conversion can be described by the
Hamiltonian

squeezed light under certain conditions, with the 

Here, is the amplitude of the driving coherent 
light and is the coupling constant between the driving 
coherent light and the three-level atom. Moreover, in a 
two-mode subharmonic generator, a pump photon of
frequency is down converted into highly correlated 
signal and idler photons with frequencies and such 
as [13]. This quantum optical process 
leads to the generation of squeezed light. With the
pump mode treated classically represented by a real 
and constant c-number , the process of two-mode 
subharmonic generation can be described by the 
Hamiltonian

µ0

λ0

ω3
ω1 ω2

ω3 = ω1 + ω2

µ

a1 a2

a1 a2



 
 

 
 

 
 

                                                                                     

 

 
 
 
 
 
 

The master equation for a pair of cavity modes coupled to a two-mode vacuum

 

reservoir has the form [14]

 

                                                                                     

 
 
 
 
 
 
 
 
 
 
 
 

where 

 

is the spontaneous emission decay

 

constant. Now with the aid of Eq. (8), one

 

can put Eq. (9) in the 
form

 

                                                                                                                                                                                      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

  
 

  
  

                                                                                   

 

 
 

and

 

                                                                                

 

 

where 

 

is the cavity damping constant for

 

the light 
modes 

 

and . Then with the

 

aid of Eqs. (8), (11), and 
(12), we easily

 

                                                                                    
 

                                                                                    

 

 
 
 

Making use of the pertinent master

 

equation 
and the fact that

 

 

where

is an operator ), it

 

is not difficult to verify that

 
 

Ĥs(t) = ig
[
σ̂†j1 (t)â1(t)− â†1(t)σ̂

j
1(t)

+σ̂†j2 (t)â2(t)− â†2(t)σ̂
j
2(t)
]

+iε
(
â†1â

†
2 − â1â2

)
+
iΩ

2

(
σ̂†j0 (t)− σ̂j0(t)

)
. (8)

d

dt
ρ̂(t) = −i

[
Ĥs(t), ρ̂(t)

]
+
β

2

[
2σ̂j1ρ̂σ̂

†j
1 − σ̂

†j
1 σ̂

j
1ρ̂− ρ̂σ̂

†j
1 σ̂

j
1

]
+
β

2

[
2σ̂j0ρ̂σ̂

†j
0 − σ̂

†j
0 σ̂

j
0ρ̂− ρ̂σ̂

†j
0 σ̂

j
0

]
, (9)

γ

d

dt
ρ̂(t) = g

[
σ̂†j1 â1ρ̂− â

†
1σ̂

j
1ρ̂ + σ̂†j2 â2ρ̂− â

†
2σ̂

j
2ρ̂

]
−g
[
ρ̂σ̂†j1 â1 − ρ̂â

†
1σ̂

j
1 + ρ̂σ̂†j2 â2 − ρ̂â

†
2σ̂

j
2

]
+ε
[
â†1â

†
2ρ̂− â1â2ρ̂− ρ̂â

†
1â
†
2 + ρ̂â1â2

]
+

Ω

2

[
σ̂†j0 ρ̂− σ̂

j
0ρ̂+ ρ̂σ̂j0 − ρ̂σ̂

†j
0

]
+
β

2

[
2σ̂j1ρ̂σ̂

†j
1 − σ̂

†j
1 σ̂

j
1ρ̂− ρ̂σ̂

†j
1 σ̂

j
1

]
+
β

2

[
2σ̂j0ρ̂σ̂

†j
0 − σ̂

†j
0 σ̂

j
0ρ̂− ρ̂σ̂

†j
0 σ̂

j
0

]
(10)

We recall that the laser cavity is coupled to a 
two-mode vacuum reservoir via a single-port mirror. In 
addition, we carry out our analysis by putting the noise 
operators associated with the vacuum reservoir in 
normal order. Thus the noise operators will not have any 
effect on the dynamics of the cavity mode operators 
[13]. In view of this, we can drop the noise operators 
and write the quantum Langevin equation for the 
operators and asˆ a2ˆ

d

dt
â1(t) = −k

2
â1(t)− i

[
â1(t), Ĥs(t)

]
(11)

d

dt
â2(t) = −k

2
â2(t)− i

[
â2(t), Ĥs(t)

]
, (12)

k

d

dt
â2(t) = −k

2
â1(t) + εâ†2(t)− gσ̂

j
1, (13)

d

dt
â2(t) = −k

2
â2(t) + εâ†1(t)− gσ̂

j
2. (14)

d
dt
〈Â〉 = Tr

(
dρ̂(t)
dt
Â
)

(

d

dt

〈
σ̂j1
〉

= g
[ 〈
n̂j0â1

〉
−
〈
n̂j1â1

〉
−〈â†2σ̂

j
0〉
]
− Ω

2
〈σ̂†j2 〉

−β
2
〈σ̂j1〉, (15)
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d

dt

〈
σ̂j2
〉

= g
[ 〈
n̂j1â2

〉
−
〈
n̂j2â2

〉
+〈â†1σ̂

j
0〉
]

+
Ω

2
〈σ̂†j1 〉

−β
2
〈σ̂j2〉, (16)

Â

a1

a1 a2



 

 

 

 

 

                                                                      

 

 

 

                                                                        

 

 

 

 

                                                                       

 

 

 

 

                                                                          

 

 

 

where

 

                                                                       

 

 

                                                                             

  

 

        
                                                            

 

 

 
 

 

  

                                                                                 

 

and

 

                                                                                

 

 

 

                                                                                

 

 

and 

                                                                               

 

 

 
 

                                                                                 

 

 

 

                                                                               

 

 

 

 

                                                                             

 

 

 

 

 

d

dt

〈
σ̂j0
〉

= g
[ 〈
σ̂j1â2

〉
−
〈
σ̂j2â1

〉 ]
+

Ω

2

[ 〈
n̂j0
〉
−
〈
n̂j2
〉 ]

−β
2

〈
σ̂j0
〉
, (17)

d

dt

〈
n̂j1
〉

= g
[
〈σ̂†j1 â1〉+ 〈â†1σ̂

j
1〉

−〈σ̂†j2 â2〉 − 〈â
†
2σ̂

j
2〉
]

+β
[ 〈
n̂j2 −

〈
n̂j1
〉 ]

(18)

d

dt

〈
n̂j2
〉

= g
[
〈σ̂†j2 â2〉+ 〈â†2σ̂

j
2〉
]

+
Ω

2

[
〈σ̂†j0 〉+

〈
σ̂j0
〉 ]
− β

〈
n̂j2
〉
, (19)

d

dt

〈
n̂j0
〉

= −g
[
〈σ̂†j1 â1〉+ 〈â†1σ̂

j
1〉
]

−Ω

2

[
〈σ̂†j0 〉+

〈
σ̂j0
〉 ]

+β
[
〈n̂j1〉+ 〈n̂j2〉

]
, (20)

n̂j0 = |0〉jj〈0|, (21)

n̂j1 = |1〉jj〈1|, (22)

n̂j2 = |2〉jj〈2|. (23)

We see that Eqs. (15)-(20) are nonlinear and 
coupled differential equations. Therefore, it is not 
possible to obtain the exact time-dependent solutions. 
We intend to overcome this problem by applying the
large-time approximation [13]. Then using this 
approximation scheme, we get from Eqs. (13) and (14) 
the approximately valid relations

â1 =
2ε

k
â†2 −

2g

k
σ̂j1 (24)

â2 =
2ε

k
â†1 −

2g

k
σ̂j2. (25)

â1 = − 4εg

(k2 − 4ε2)
σ̂†j2 −

2gk

(k2 − 4ε2)
σ̂j1 (26)

â2 = − 4εg

(k2 − 4ε2)
σ̂†j1 −

2gk

(k2 − 4ε2)
σ̂j2. (27)

d

dt

〈
σ̂j1
〉

= −1

2

[
β +

γck
2

k2 − 4ε2

] 〈
σ̂j1
〉

−Ω

2
〈σ̂†j2 〉, (28)

d

dt

〈
σ̂j2
〉

= −1

2

[
β +

γck
2

k2 − 4ε2

] 〈
σ̂j2
〉

−1

2

[ 2γcεk

k2 − 4ε2
− Ω

]
〈σ̂†j1 〉, (29)

d

dt

〈
σ̂j0
〉

= −1

2

[
β +

γck
2

k2 − 4ε2

] 〈
σ̂j0
〉

+
γcεk

k2 − 4ε2

[ 〈
n̂j1
〉
−
〈
n̂j0
〉 ]

+
Ω

2

[ 〈
n̂j0
〉
−
〈
n̂j2
〉 ]
, (30)
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d

dt

〈
n̂j1
〉

= −
[
β +

γck
2

k2 − 4ε2

]
×
[ 〈
n̂j1
〉
−
〈
n̂j2
〉 ]

+
γcεk

k2 − 4ε2

[
〈σ̂†j0 〉+ 〈σ̂j0〉

]
, (31)

d

dt

〈
n̂j2
〉

= −
[
β +

γck
2

k2 − 4ε2

] 〈
n̂j2
〉

−1

2

[ 2γcεk

k2 − 4ε2
− Ω

]
×
[
〈σ̂†j0 〉+ 〈σ̂j0〉

]
, (32)

Evidently, these turn out to be exact relations at 
steady state. Solving these equation simultaneously, 
one easily verify that

Now introducing (26) and (27), into Eqs. (15)-
(20), we get

,



 

 

 

 

 

 

 

 

 

                                                                          

 

 

 

 

where

 

                                                                             

 

 

is the stimulated emission decay constant.

 

We next sum Eqs. (29)-(33) over the N

 

three-
level atoms, so that

 

                                                                                 

 

 

 

                                                                            

 

 

 

                                                                         

 

 

 

 

                                                                                  

 

 

 

 

                                                                           

 

 

 

 

                                                                            

 

 

 

in which

 

                                                                        

 

 

                                                                        

 

 

                                                                       

 

 

                                                                      

 

 

                                                                      

 

 

                                                                     

 

 

with the operators , and 

 

representing

 

the number of atoms in the top,

 

middle, and bottom 
levels. In addition, employing the completeness relation

 

                                                                       

 

 

d

dt

〈
n̂j0
〉

=
[
β +

γck
2

k2 − 4ε2

] 〈
n̂j1
〉

−Ω

2

[
〈σ̂†j0 〉+ 〈σ̂j0〉

]
+ β〈n̂j2〉, (33)

γc =
4g2

k
(34)

d

dt
〈Σ̂1〉 = −1

2

[
β +

γck
2

k2 − 4ε2

]
〈Σ̂1〉

−Ω

2
〈Σ̂†2〉, (35)

d

dt
〈Σ̂2〉 = −1

2

[
β +

γck
2

k2 − 4ε2

]
〈Σ̂2〉

−1

2

[ 2γcεk

k2 − 4ε2
− Ω

]
〈Σ̂†1〉, (36)

d

dt
〈Σ̂0〉 = −1

2

[
β +

γck
2

k2 − 4ε2

]
〈Σ̂0〉

+
γcεk

k2 − 4ε2

[
〈N̂1〉 − 〈N̂0〉

]
+

Ω

2

[
〈N̂0〉 − 〈N̂2〉

]
, (37)

d

dt
〈N̂1〉 = −

[
β +

γck
2

k2 − 4ε2

]
×
[
〈N̂1〉 − 〈N̂2〉

]
+

γcεk

k2 − 4ε2

[
〈Σ̂†0〉+ 〈Σ̂0〉

]
, (38)

d

dt
〈N̂2〉 = −

[
β +

γck
2

k2 − 4ε2

]
〈n̂j2〉

−1

2

[ 2γcεk

k2 − 4ε2
− Ω

]
×
[
〈Σ̂†0〉+ 〈Σ̂0〉

]
, (39)

d

dt
〈N̂0〉 =

[
β +

γck
2

k2 − 4ε2

]
〈N̂1〉

−Ω

2

[
〈Σ̂†0〉+ 〈Σ̂0〉

]
+ β〈N̂2〉, (40)

Σ̂1 =
N∑
j=1

σ̂j1, (41)

Σ̂2 =
N∑
j=1

σ̂j2, (42)

Σ̂0 =
N∑
j=1

σ̂j0, (43)

N̂0 =
N∑
j=1

n̂j0, (44)

N̂1 =
N∑
j=1

n̂j1, (45)

N̂2 =
N∑
j=1

n̂j2, (46)

N̂2, N̂1 N̂0

n̂j0 + n̂j1 + n̂j2 = Î , (47)
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we easily arrive at

                                                                 

                                                                   

we have

                                                                      

〈N̂0〉+ 〈N̂1〉+ 〈N̂2〉 = N. (48)

σ̂j1 = |0〉〈1|, (49)

Σ̂1 = N |0〉〈1|. (50)

Following the same procedure, one can easily find 

                                                                      

                                                                    

                                                                    

Σ̂2 = N |1〉〈2|, (51)

Σ̂0 = N |0〉〈2|, (52)

N̂0 = N |0〉〈0|, (53)

N̂1 = N |1〉〈1|, (54)

Furthermore, applying the definition given by 
Eq. (2) and setting for any j



 

 

 
 

 

 

 

 

 

 

 

 

 

                                                                   

 

 

                                                                  

 

 

Moreover, using the definition

 

                                                                   

 

and taking into account Eqs. (50)-(55), it

 

can be readily 
established that

 

                                                                     

 

 

                                                                   

 

 

 

 

 
 

  

                                                                                 

 

 

                                                                                

 

 

and in view of the adjoint of (61), Eq. (35)

 

takes the form

 

                                                                            

 

where

 

                                                                       

 

 

  
 

                                                                       

 

 

Now on account of (64), one can write (61)

 

in the form

 

                                                                   

 

 

III.

 

Correlations

 

In this section we seek to analyze the degree

 

of 
photon number and atomic-number correlation. In 
addition, we wish to study the

 

entanglement of photon-
state and atomic

 

states in the laser cavity. In the 
cascading transition from energy level 

  
to 

   
via   

  
, a correlation between the two emitted photons 

 

and 

 

can readily be established. Hence the photon 
number correlation

 

for the cavity modes can be defined 
as

 

                                                                                

 

 

N̂2 = N |2〉〈2|. (55)

Σ̂ = Σ̂1 + Σ̂2 (56)

Σ̂†Σ̂ = N(N̂1 + N̂2), (57)

Σ̂Σ̂† = N(N̂0 + N̂1), (58)

Σ̂2 = NΣ̂0. (59)

〈Σ̂0〉 =
1

(γck2 + βk2 − 4βε2)

{
Ω
[
k2 − 4ε2

]
×
[
N − 〈N̂1〉 − 2〈N̂2〉

]
−2γcεk

[
N − 〈N̂2〉 − 2〈N̂1〉

] }
,(60)

〈Σ̂2〉 =
1

2

[
Ωk2 − 4Ωε2 − 2γcεk

γck2 + βk2 − 4βε2

]
×〈Σ̂†1〉 (61)

d

dt
〈Σ̂1(t)〉 = −1

2
η〈Σ̂1(t)〉, (62)

η = β +
γck

2

k2 − 4ε2

+
Ω

2

[
Ωk2 − 4Ωε2 − 2γcεk

γck2 + βk2 − 4βε2

]
. (63)

〈Σ̂1(t)〉 = 0. (64)

〈Σ̂2(t)〉 = 0. (65)

|2〉j |0〉j
|1〉j

g (n̂1, n̂2)p =
〈â†1(t)â1(t)â

†
2(t)â2(t)〉

〈â†1(t)â1(t)〉〈â
†
2(t)â2(t)〉

. (66)
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Hence, we notice that

d

dt
â1(t) = −1

2

[
k2 − 4ε2

k

]
â1(t)

−gσ̂j1 −
2gε

k
σ̂†j2 , (67)

d

dt
â2(t) = −1

2

[
k2 − 4ε2

k

]
â2(t)

−gσ̂j2 −
2gε

k
σ̂†j1 . (68)

    
  

                                                                                 

                                                                            

[
â1, â

†
1

]
j

=
γck

(k2 − 4ε2)2

[
k2
(
n̂j0 − n̂

j
1

)
+4ε2

(
n̂j2 − n̂

j
1

)
+2εk

(
σ̂†j0 + σ̂†j0

) ]
, (69)

[
â2, â

†
2

]
j

=
γck

(k2 − 4ε2)2

[
k2
(
n̂j1 − n̂

j
2

)
+4ε2

(
n̂j1 − n̂

j
0

)
−2εk

(
σ̂†j0 + σ̂†j0

) ]
, (70)

and summing over all atoms, we obtain

We next seek to calculate the expectation value 
of  the  atomic  operators , and , To this 
end, applying the large time approximation scheme to 
Eqs. (36) and (37), we easily get

Σ̂0, Σ̂1 Σ̂2

We notice that the steady-state solution of Eq. 
(62) for different from zero isη

On the other hand, using Eqs. (13) and (14) 
together with (26) and (27), the equation of evolution of 
cavity mode operators and can be rewritten asâ1 a2̂

Applying the steady state solution of Eqs. (67) 
and (68), one readily established the commutation 
relation of the cavity mode operator and as well as 

  and 
a1ˆ a†1ˆ

a2̂ a†2.ˆ

a1
a2



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

                                                                           

 

 

                                                                           

 

 

 

where

 

                                                                            

 

 

stands  for the  commutators  of

  

and

 
 

when the cavity light modes α1

 

and

 

α2

 

is

 

interacting with all the

 

N three-level

 

atoms.

 

In the presence of N three-level atoms,

 

we 
rewrite Eqs. (67) and (68) as

 

                                                                                   

 

 

                                                                                  

 

 

in which 

    

and 

  

are a constant 
values remains to be fixed. The

 

steady-state 
of Eqs. (74) and (75)

 

is

 

                                                                                 

 

 

                                                                               

 

 

 

                                                                               

 

 

 

 

                                                                           

 

 

 

[
â1, â

†
1

]
=

γck

(k2 − 4ε2)2

[
k2
(
N̂0 − N̂1

)
+4ε2

(
N̂2 − N̂1

)
+2εk

(
Σ̂†0 + Σ̂0

) ]
, (71)

[
â2, â

†
2

]
=

γck

(k2 − 4ε2)2

[
k2
(
N̂1 − N̂2

)
+4ε2

(
N̂1 − N̂0

)
−2εk

(
Σ̂†0 + Σ̂0

) ]
, (72)

[
âi, â

†
k

]
= δik

N∑
j=1

[
âi, â

†
k

]
j

(73)

(
â1, â

†
1

)(
â2, â

†
2

)

d

dt
â1(t) = −1

2

[
k2 − 4ε2

k

]
â1(t)

+λ′1Σ̂1 + λ′′1Σ̂†2

, (74)

d

dt
â2(t) = −1

2

[
k2 − 4ε2

k

]
â2(t)

+λ′2Σ̂2 + λ′′2Σ̂†1

, (75)

λ′1, λ′′1, λ′2 λ′′2 whose
solution

â1 =
2λ′1k

(k2 − 4ε2)
Σ̂1 +

2λ′′1k

(k2 − 4ε2)
Σ̂†2, (76)

â2 =
2λ′2k

(k2 − 4ε2)
Σ̂2 +

2λ′′2k

(k2 − 4ε2)
Σ̂†1. (77)

[
â1, â

†
1

]
=

4Nk2

(k2 − 4ε2)2

[
λ′21

(
N̂0 − N̂1

)
+λ′′21

(
N̂2 − N̂1

)
+λ′1λ

′′
1

(
Σ̂†0 + Σ̂0

) ]
, (78)

[
â2, â

†
2

]
=

4Nk2

(k2 − 4ε2)2

[
λ′22

(
N̂1 − N̂2

)
+λ′′22

(
N̂1 − N̂0

)
−λ′1λ′′1

(
Σ̂†0 + Σ̂0

) ]
. (79)
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and 

                                                                             

Then Eqs. (76) and (77) can be written as

                                                                          

λ′1 = λ′2 =
g√
N

(80)

λ′′1 = λ′′2 =
2gε

k
√
N
. (81)

â1 =
2kg√

N (k2 − 4ε2)
Σ̂1

+
4gε√

N (k2 − 4ε2)
Σ̂†2 (82)

  

and 

                                                                         

â2 =
2kg√

N (k2 − 4ε2)
Σ̂2

+
4gε√

N (k2 − 4ε2)
Σ̂†1. (83)

〈â1(t)〉 = 〈â1(0)〉e−
1
2
η0t +

g√
N
e−

1
2
η0t

×
∫ t

o

e
1
2
η0t′〈Σ̂1(t

′)〉

+
2gε

k
√
N
e−

1
2
η0t

∫ t

o

e
1
2
η0t′〈Σ̂†2(t′)〉 (84)

On account of Eq. (76) and (77), the 
commutation relation for the cavity mode operators is

On comparing Eqs. (71) and (78) together with 
(72) and (79), shows that

Furthermore, the expectation value of the
solution of Eqs. (74) and (75) together with (80) and (81) 
is expressible as



 
 

 

 

 

  

 

 

 

 

 

 

 
  

 

 

 

 

 

and 

                                                                                

 

 

 

where

 

                                                                               

 

 

 
  

 

 

 

  

                                                                           

 

 

 

 

                                                                                  

 

 

where

 

                                                                               

 

 

                                                                              

 

 

in which is given by Eq. (60). Moreover, the atom-
number correlation is defined by

 

                                                                                 

 

〈â2(t)〉 = 〈â2(0)〉e−
1
2
η0t +

g√
N
e−

1
2
η0t∫ t

o

e
1
2
η0t′〈Σ̂2(t

′)〉

+
2gε

k
√
N
e−

1
2
η0t

∫ t

o

e
1
2
η0t′〈Σ̂†1(t′)〉, (85)

ηo =
k2 − 4ε2

k
. (86)

〈â1(t)〉 = 〈â2(t)〉 = 0. (87)

g (n̂1, n̂2)p = 1 +
〈â†1(t)â

†
2(t)〉〈â1(t)â2(t)〉

〈â†1(t)â1(t)〉〈â
†
2(t)â2(t)〉

+
〈â†1(t)â2(t)〉〈â

†
2(t)â1(t)〉

〈â†1(t)â1(t)〉〈â
†
2(t)â2(t)〉

. (88)

g (n̂1, n̂2)p = 1 +
W1

W2

, (89)

W1 = 4εk
[ (
k2 + 4ε2

)
〈Σ̂0〉

+2εk
(
〈N̂2〉+ 〈N̂0〉

) ]
, (90)

W2 =
[
k2 + 4ε2

][
k2〈N̂2〉+ 4ε2〈N̂0〉

+4εk〈Σ̂0〉
]
, (91)

〈Σ̂0〉

g (n̂1, n̂2)a =
〈Σ̂†1Σ̂1Σ̂

†
2Σ̂2〉

〈Σ̂†1Σ̂1〉〈Σ̂†2Σ̂2〉
. (92)
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Thus in view of Eqs. (50) and (51), we obtain

g (n̂1, n̂2)a = 1 +
〈Σ̂†1Σ̂

†
2〉〈Σ̂1Σ̂2〉

〈Σ̂†1Σ̂1〉〈Σ̂†2Σ̂2〉

+
〈Σ̂†1Σ̂2〉〈Σ̂†2Σ̂1〉
〈Σ̂†1Σ̂1〉〈Σ̂†2Σ̂2〉

. (93)

g (n̂1, n̂2)a = 1. (94)

 

IV. Entanglement Quantification

  

Here, we seek to analyze the entanglement of 
photon-states and atomic states in the laser cavity. 
Quantum entanglement is a physical phenomenon that 
occurs when pairs or groups of particles cannot be 
described independently instead, a quantum state may 
be given for the system as a whole. Measurements of 
physical properties such as position, momentum, spin 
polariza- tion, etc performed on entangled particles are 
found to be appropriately correlated.

A pair of particles is taken to be entangled in 
quantum theory, if its states cannot be expressed as a 
product of the states of its individual constituents. The 
preparation and manipulation of these entangled states
that have non-classical and non-local properties lead to 
better understanding of the basic quantum principles. It 
is in this spirit that this section is devoted to the analysis 
of the entanglement of the two modes (photon-states). 

Now in view of Eqs. (64) and (65) with the
assumption that the cavity light is initially in a vacuum 
state, Eqs. (84) and (85) goes over into

On account of this result as well as Eqs. (74) 
and (75) that and are  Gaussian 
variables with zero mean. Then Eq. (66) can be rewritten 
as

a1(tˆ ) a2(t)ˆ

Thus employing Eqs. (82) and (83) together with 
(50) and (51) along with (88), the photon-number 
correlation turns out to be

We  recall that  the  atomic operators and
are Gaussian variables with zero mean. Hence Eq. 

(92) can be rewritten as

Σ̂1
Σ̂2

We immediately see that the maximum degree 
of photon number correlation observed when more 
atoms in the lower energy level than on the upper level. 
This occurs when the three-level laser is operating below 
threshold. On the other hand, we note that Eq. (94) that
unlike the photon-number correlation, the atoms in the 
laser cavity are not correlated. Moreover, we point out 
that in the absence of subharmonic generator, one can 
never realize correlated photons in the laser cavity.

cannot be described as a combination of the product 
density operators of the constituents,

In other words, it is a well-known fact that a quantum 
system is said to be entangled, if it is not separable. 
That is, if the density operator for the combined state 

ρ̂ 6=
∑
k

Pkρ̂
(1)
k ⊗ ρ̂

(2)
k , (95)



 
 

 

 

 

 

 

 
 

  
 

 
 

 
 

 
 

 
  

 
 

 

   

 
 

 

 
 

 
 

 

 
  

 

 
 

 

 
  

  

                                                                                  

 

 

in which and to verify

 

the 
normalization of the combined density

 

states. On the 
other hand, on entangled

 

continuous variable (CV) state 
can be expressed as a common eigenstate of a pair

 

of 
EPR-type operators [14] such as and

. The total variance of these

 

two operators 
reduces to zero for maximally

 

entangled CV states. 
According to the inseparable criteria given by Duan et al 
[5],

 

cavity photon-states of a system are entangled, if 
the sum of the variance of a pair of EPR-like operators,

 

                                                                                   

 

and 

                                                                                    

 

where

 

                                                                                 

 

 

                                                                                

 

 

                                                                              

 

 

                                                                              

 

 

are quadrature operators for modes α1

 

and α2, satisfy 

                                                                         

 

 

and recalling the cavity mode operators and 
are Gaussian variables with zero

 

mean, we readily get

 

                                                                           

 

 

Pk � 0
∑

k Pk = 1

x2 − x̂1ˆ p2̂
+ p̂1

ŝ = x̂2 − x̂1 (96)

t̂ = p̂2 + p̂1, (97)

x̂1 =
1√
2

(
â1 + â†1

)
, (98)

x̂2 =
1√
2

(
â2 + â†2

)
, (99)

p̂1 =
i√
2

(
â†1 − â1

)
, (100)

p̂2 =
i√
2

(
â†2 − â2

)
, (101)

(∆s)2 + (∆t)2 < 2N (102)

(∆s)2 + (∆t)2 =

[
〈â†1â1〉+ 〈â1â†1〉

+〈â†2â2〉+ 〈â2â†2〉
]

−
[
〈â1â2〉+ 〈â†1â

†
2〉

+〈â2â1〉+ 〈â†2â
†
1〉
]
. (103)

a1ˆ a2ˆ
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Upon setting , we see that

                                                                   

where

                                                                  

On the other hand, cavity atomic-states of a 
system are entangled, if the sum of the variance of a 
pair of EPR-like operators,

                                                                            
and 

                                                                           
where

                                                                            

                                                                           

                                                                          

                                                                          

(∆s)2 + (∆t)2 =
γck

(k2 − 4ε2)2

×
[
k2 + 4ε2 − 4εk

]
×
[
2N − 〈N̂0〉 − 〈N̂2〉 − 2〈Σ̂0〉

]
. (104)

ε = 0

(∆s)2 + (∆t)2 =
γc
k

[
2N − 〈N̂0〉

−〈N̂2〉 − 2〈Σ̂0〉0
]
, (105)

〈Σ̂0〉0 =
Ω

(γc + β)

[
N − 〈N̂1〉 − 2〈N̂2〉

]
.(106)

û = x̂′2 − x̂′1 (107)

v̂ = p̂′2 + p̂′1, (108)

x̂′1 =
1√
2

(
Σ̂1 + Σ̂†1

)
, (109)

x̂′2 =
1√
2

(
Σ̂2 + Σ̂†2

)
, (110)

p̂′1 =
i√
2

(
Σ̂†1 − Σ̂1

)
, (111)

p̂′2 =
i√
2

(
Σ̂†2 − Σ̂2

)
, (112)

are quadrature operators for the cavity atoms, satisfy

                                                                  

Since and are Gaussian variables with zero 
mean, so one can easily verify that

(∆u)2 + (∆v)2 < 2N2. (113)

Σ̂1 Σ̂2

Thus with the aid of Eqs. (82) and (83) along 
with (50) and (51), we arrive at

                                                                  

(∆u)2 + (∆v)2 =
[
〈Σ̂†1Σ̂1〉+ 〈Σ̂1Σ̂

†
1〉

+〈Σ̂†2Σ̂2〉+ 〈Σ̂2Σ̂
†
2〉
]

−
[
〈Σ̂†2Σ̂

†
1〉+ 〈Σ̂1Σ̂2〉

]
. (114)

                                                                           

(∆u)2 + (∆v)2 = N
[
2N − 〈N̂0〉

−〈N̂2〉 − 2〈Σ̂0〉
]
. (115)

Now with the aid of (50) and (51), Eq. (114) 
takes the form



 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

 

 

 

 
 

 

 

 
 

 
 

 
 

 

  

  
 

V.

 

Conclusion

 

In this paper we have studied a  coherently

 

driven non-degenerate three-level

 

laser with, two-mode 
subharmonic generator, coupled to a two-mode vacuum 
reservoir via a single-port mirror whose open

 

cavity 
contains N non-degenerate three-level atoms. We 
carried out our analysis by

 

putting the noise operators 
associated with

 

the vacuum reservoir in normal order 
and by considering the interaction of the three-level 
atoms with the vacuum reservoir outside the cavity. 
Results show that the presence of parametric ampli_er 
is to increase

 

the squeezing and the mean photon 
number

 

of the two-mode cavity light significantly.

 

It is 
found that the photon-states of the system is strongly 
entangled at steady state where as the atomic state of 
the system is not entangled. We have also shown that 
as the stimulated decay constant increases, the degree 
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of entanglement decreases. In addition, we have 
established that the photons in the laser cavity are 
highly correlated and the degree of photon number 
correlation and entanglement increases  as the 
amplitude of the coherent light driving the pump mode 
increases. Moreover, we have shown that the presence 
of the subharmonic generator leads to an increase in the 
degree of entanglement and correlation. Moreover, we 
point out that in the absence of subharmonic generator, 
one can never realize correlated photons.

References Références Referencias

1. Quantum Information Theory with Continuous 
Variables, edited by S. L. Braunstein and A. K. Pati 
(Klawer, Dordrecht, 2003); C. H. Bennet, Phys.
Today 48 (10), 24 (1995); D.P. Di-Vicenzo, Science 
270, 255 (1995); A. Furusawa et al. ibid. 282, 706 
(1998).

2. M. D. Ried and P. D. Drummond, Phys. Rev. Lett. 
60, 2731 (1988); P.Grangier, M. J. Potasek, and B. 
Yurke, Phys. Rev. A 38, 3132 (1988); B.J.Obliver
and C. R. Stroud, Phys. Lett. A 135, 407 (1989).

3. K. Dechoum, P. D. Drummond, S. Chaturvedi, and 
M.D.Reid, Phys. Rev. A 70, 053807 (2004).

4. Y. Zhang, H. Wang, X. Li, J. Jing, C. Xie, and K.
Peng, Phys. Rev. A 62, 023813 (2000).

5. H. Xiong, M. O. Scully, and M. S. Zubairy, Phys. 
Rev. Lett. 94, 023601 (2005).

6. L. M. Duan, G. Giedke, J. J. Cirac, and P. Zoller, 
Phys. Rev. Lett. 84, 2722 (2000).

7. H. T. Tan, S. Y. Zhu, and M. S. Zubairy, Phys. Rev. A 
72, 022305 (2005).

8. R. Simon, Phys. Rev. Lett. 84, 2726 (2000).
9. S.Tesfa, Phys. Rev. A74, 043816 (2006).
10. C. H. Raymond Ooi, eprintar Xiv:quant-ph/0703084.
11. E. Alebachew, Phys. Rev. A 76, 023808 (2007).
12. Fesseha Kassahun, Opt. Commun. 284, 1357 

(2011).

13. Fesseha Kassahun, eprintarXiv:1105.1438v3 quant-
ph (2012).

14. Fesseha Kassahun, Refined Quantum Analysis of 
Light, [Create Space Independent Publishing 
Platform, 2014].

15. A. Einstein, B. Podolsky, and R. Rosen, Phys. Rev. 
47, 777 (1935).14



© 2015. C. Y. Lo. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

Global Journal of Science Frontier Research: A 
Physics and Space Science 
Volume 15  Issue 4 Version 1.0 Year  2015 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
The Question of Space-Time Singularities in General Relativity 
and Einstein's Errors          

By C. Y. Lo 
Applied and Pure Research Institute, United States      

Abstract- In general relativity, the existence of space-time singularities plays a central role on the 
notion of black holes and the expanding universe. However, these two speculations have not 
been firmly verified in spite of the efforts of generations of physicists. The existence of space-time 
singularities is due to the spacetime singularity theorems of Hawking and Penrose, whose 
implicit physical assumption is the general validity of E = mc2 that leads to the unique sign for all 
the couplings. However, recently it is found that such an assumption is not supported by various 
experiments. In particular, the electromagnetic energy is not equivalent to mass. In fact, the 
Einstein equation with massive sources has no dynamic solution unless the gravitational energy-
stress tensor with an anti-gravity coupling is added to the source. 

Keywords:  anti-gravity coupling; dynamic solution; gravitational radiation; repulsive gravitation; 
principle of causality. 

GJSFR-A Classification : FOR Code: 020199 

 

TheQuestionofSpaceTimeSingularitiesinGeneralRelativityandEinsteinsErrors 
 
 
 
 
 Strictly as per the compliance and regulations of : 

 



 

 

The Question of Space-Time Singularities in 
General Relativity and Einstein's Errors

C. Y. Lo

Abstract- In general relativity, the existence of space-time 
singularities plays a central role on the notion of black holes 
and the expanding universe. However, these two speculations 
have not been firmly verified in spite of the efforts of 
generations of physicists. The existence of space-time 
singularities is due to the spacetime singularity theorems of 
Hawking and Penrose, whose implicit physical assumption is 
the general validity of E = mc2 that leads to the unique sign for 
all the couplings. However, recently it is found that such an 
assumption is not supported by various experiments. In 
particular, the electromagnetic energy is not equivalent to 
mass. In fact, the Einstein equation with massive sources has 
no dynamic solution unless the gravitational energy-stress 
tensor with an anti-gravity coupling is added to the source. 
Moreover, for the electromagnetic wave to have a physically 
gravitational effect, the related Einstein equation must 
additionally have a photonic energy-stress tensor with an anti-
gravity coupling. Thus, Einstein's understanding of general 
relativity is inadequate. Since the energy conditions in the 
space-time singularity theorems actually cannot be satisfied in 
physics, these mathematical theorems are actually irrelevant to 
physics.  Their claims have been proven as nonsense in 
physics. Further more, recognizing the nonexistence of 
dynamic solution for the Einstein equation is the first step to 
the unification of gravitation and electromagnetism. Many 
overlooked the crucial charge-mass interaction. Due to 
inadequate understanding of the principle of causality and 
non-linear mathematics, Einstein failed to show his unification. 
He has made three major errors: 1) He is mistaken that the 
Einstein equation has dynamic solutions. 2) He speculated 
that E = mc2 was generally valid. 3) He invalidly rejected 
repulsive gravitation, which is supported by experiments. Also, 
the Physical Review, the Proceeding of the Royal Society A, 
the Annals of Physics and the Chinese Physics. accepted the 
space-time singularity theorems as valid because theorists 
make errors in the non-linear mathematics and physics. 
Keywords: anti-gravity coupling; dynamic solution; 
gravitational radiation; repulsive gravitation; principle of 
causality.  
PACS: 04.20.Cv; 04.50.-h; 04.50.Kd; 04.80.Cc. 
 “Unthinking respect for authority is the 
greatest enemy of truth.” – A. Einstein 

I. Introduction 

n physics, the existence of singularities suggests 
problematic assumptions. Nevertheless, in current 
theory of general relativity, the existence of space- 

time  singularities  plays  a  central  role on the notion of 
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black holes and the expanding universe (see Appendix 
A). However, these two speculations have not been 
firmly verified in spite of the efforts of generations of 
physicists.1) Thus, one may question the general validity 
of the theory of general relativity in spite of its earlier 
success.  

The existence of space-time singularities is due 
to the spacetime singularity theorems of Hawking and 
Penrose [1]. The mathematical validity of these 
theorems is highly reliable because Penrose have won 
his arguments in mathematics against the theoretical 
physicist, E. M. Lifshitz [2] in a long dispute. Moreover, 
the static Einstein equation in general relativity has 
passed various tests with surprises. Since the physical 
assumptions on the energy conditions of these 
theorems seem to be very natural, there would be little 
doubt on the validity of these assumptions. 

An implicit assumption on these singularity 
theorems is that all the coupling constants have the 
same sign.2) Such an assumption would be necessarily 
valid if the formula E = mc2 is unconditional.  However, 
recently it has been found that the general validity of this 
formula is questionable. In contrast to Einstein's 
prediction [3], a piece of heated-up metal actually has 
reduced weight [4]. Moreover, a charged capacitor also 
has reduced weight, 3) which is proportional to the 
square of the difference in the electric potential of the 
capacitor [5, 6]. Theoretically, it has been found that the 
equivalence between mass and the electromagnetic 
energy is in conflict with the Einstein equation because 
the electromagnetic energy-stress tensor is traceless 
[7]. Thus, the assumption of unique coupling sign is 
questionable. 

In this paper, it will be shown that the 
assumption of unique coupling sign is, indeed, not valid 
for the dynamic case. Therefore, the space-time 
singularity theorems of Hawking and Penrose are 
actually irrelevant to physics. A root of the problem is, 
however, that many relativists have lost  their touch with 
experiments, in addition to inadequacy in non-linear 
mathematics. 
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II. The Space-Time Singularity Theorems 

and the Assumption of Unique Sign 
of Couplings

Let us examine the energy conditions in the 
singularity theorems. These theorems [1] are listed as 
the following:



 

 

  

 

 

Theorem 1.

 

Let (M, gab) be a globally hyperbolic 
spacetime with Rabξaξb

 

≥ 0 for all timelike ξa, which will 
be the case if Einstein equation is satisfied with the 
strong energy condition holding for matter. Suppose 
there exists a smooth (or at least C2) spacelike Cauchy 
surface Σ

 

for which the trace of the extrinsic curvature 
(for the past directed normal geodesic congruence) 
satisfies 0 > C ≥ K everywhere C is a constant. Then no 
past directed timelike curve from Σ

 

can have length 
greater than 3/│C│. In particular, all past directed 
timelike geodesic are incomplete.

 

Theorem 2.

 

Let (M, gab) be a strongly causal spacetime 
with Rabξaξb

 

≥ 0 for all timelike ξa, as will be the case if 
Einstein's equation is satisfied with the strong energy 
condition holding for matter. Suppose there exists a 
compact, edgeless, achronal smooth spacelike 
hypersurface S such that for the past directed normal 
geodesic congruence form S we have 0 > K everywhere 
on S. Let C denote the maximum value for K, so 0 > C 
≥ K everywhere on S. Then at least one inextendible 
past directed timelike geodesic from S has length no 
greater that 3/│C│. 
Theorem 3.

 

Let (M, gab) be a connected, globally 
hyperbolic spacetime with a noncompact Cauchy 
surface Σ. Suppose Rabkakb

 

≥ 0 for all null ka, as will be 
the case if (M, gab) is a solution of Einstein's equation 
with matter satisfying the weak or strong energy 
condition. Suppose, further, that M contains a trapped 

surface T. Let 0 > θ0

 

denote the maximum value of θ

 

for 
both sets of orthogonal geodesic on T. Then at least one 
inextendible future directed orthogonal null geodesic 
from T has affine length no greater than 2/│θ0│. 

 

Theorem 4.

 

Suppose a spacetime (M, gab) satisfies the 
following four conditions. (1) Rabvavb

 

≥ 0 for all timelike 
and null va, as will be the case if Einstein's equation is 
satisfied with the strong energy condition holding for 
matter. (2) The timelike and null generic conditions are 
satisfied. (3) No closed timelike curve exists. (4) At least 
one of the three properties holds: (a) (M, gab)

 

posses a 
compact achronal set without edge [i.e., (M, gab) is a 
closed universe], (b) (M, gab)

 

possesses a trapped 
surface, or (c) there exists a point p ϵ

 

M such that the 
expansion of the future (or past) directed null geodesics 
emanating from p becomes negative along each 
geodesic in this congruence. Then (M, gab) must contain 
at least one incomplete timelike or null geodesic.

 

Originally, the energy condition is related to the 
energy-momentum tensor Tab. According to the Einstein 
equation [1]

 

                   Gab

 

≡ R

 

ab  – (1/2) g

 

ab

 

R = 4πTab,                          (1)

 

 

one would have

 

    R

 

ab 

 

= 8π [Tab - (1/2)gab

 

T]  

 

where     T = gabTab      (2)

 

Then, 

 
                       R

 

ab ξaξb

 

= 8π [Tab - (1/2)gab

 

T] ξaξb  = 8π [Tabξaξb

 

+ (1/2)T],   for a unit timelike  ξa       (3)

 
It

 

is

 

believed that

 

for all

 

physically

 

reasonable

 
classical

 

matter

 

the

 

energy

 

condition

 

is

 

non-negative, 
i.e., 

                                Tab

 

ξaξb  ≥ 0                               (4)

 for all timelike

 

ξa. This assumption is known as the weak 
energy condition. However, it also seems physically 
reasonable that the stress of matter will not become so 
large and negative as to make the right-hand side of eq. 
(3) negative. This assumption, 

                          Tab

 

ξaξb ≥ -(1/2)T 

 

                           (5)

 for all unit timelike unit vector ξa, is known as the strong 
energy condition. An implicit assumption of these 
energy-conditions (3)-(5) is that all the coupling 
constants have the same sign.  However, as will be 
shown such an assumption leads to the invalidity of the 
Einstein equation because of the non-existence of 
dynamic solutions. 

To illustrate this, we shall first show examples 
that for the case of gravitational waves; there is no 
bounded dynamic solution.  Now, consider a

 
well-known 

metric obtained by Bondi, Pirani, & Robinson

 

[8] as 
follows:

 
         

( )
( )

( )
2 2

2 2 2 2 2 2 2

cosh 2

sinh 2 cos 2

2 sinh 2 sin 2

d d

ds e d d u d d

d d

ϕ

β η ς

τ ξ β θ η ς

β θ η ς

 + 
 

= − − + − 
 
− 
   (6a)

 

  

    

where

 

φ, β

 

and θ

 

are functions of u (τ - ξ).  It satisfies the 
differential equation (i.e., their Eq. [2.8]),

 

                             ( )2 2 22 sinh 2uφ β θ β′ ′ ′= +             (6b)   

    

which is a special cases of Gμν

 

= 0. They claimed this is 
a wave from a distant source and weak gravity invalid.

 

The metric is irreducibly unbounded because of the 
factor u 2. And linearization of (6b) does not make sense 
since u

 

is not bounded. 

 

Moreover, when gravity is absent, it is 
necessary to have ϕ

 

= sinh 2β

 

= sin 2θ

 

= 0. These 
would reduce (6a) to
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          )()( 222222 ζηξτ dduddds +−−=            (6c)    

However, this metric is not equivalent to the flat 
metric. Thus, metric (6c) violates the principle of 
causality (see Appendix B). 

This challenges the view that both Einstein’s 
notion of weak gravity and his covariance principle are 



 

 

       

 

 

valid. These conflicting views are supported respectively 
by the editors of the “Royal Society Proceedings A” and 
the “Physical Review D”; thus there is no general 
consensus. Note that Einstein’s covariance principle has 
been proven invalid with counter examples [9]. 

 

III.

 

The

 

Non-Existence of a Bounded 
Dynamic Solution for a Two-Body 

Problem in General Relativity 

According to the principle of causality, weak 
sources would produce a weak field, i.e., 

 

              

gμν

 

= ημν

 

+ γμν,  where   1 >> ǀγμνǀ

 

            (7)

 and ημν
 

is the flat metric. However, eq. (7) is valid, only if 
the Einstein equation is valid. Since the strength of a 
source can always be reduced, to show the non-
existence of a dynamic solution, it is sufficient to show 
the case of weak gravity. 

 

They believed that an approximate weak solution can be 
derived through the approach of the field equation being 
linearized. The linearized Einstein equation with the 
linearized harmonic gauge ∂µ γ

µν

 

= 0 is 

 
 
 
                                                  µνµνα

α κγ T=∂∂
2
1       where     µνγ

 

=  γµν - 2
1 ηµν(ηcdγcd),                                 (8)

 

Note that we have

 

   

 

                                        
Gμν

 

= Gμν
(1)

 

+ Gμν
(2)     and        µνµνα

α
µν γ )1()1(

2
1 HG +∂∂= ,                         (9) 

where 

 

αβ
βα

µνµανναµ
α

µν γηγγ ∂∂+∂+∂∂−=
2
1][

2
1)1(H

 

The linearized  vacuum Einstein  equation  means ][ )1()1(
αβµν γG = 0. Thus, to have a solution of the 

second order we must correct γ(1)
μν

 

by

 

adding to it the term γ(2)
μν

  

that

 

satisfies

 

                                   [ ] 0][ )2()2()1( =+ αβµναβµν γγ GG , where   γμν

 

= γ(1)
μν

 

+ γ(2)
μν                                     (10)

 

which is the correct form of eq. (4.4.52) in Wald's book 
[1] (Wald did not distinguish γμν

 

from γ(1)
μν).4)

 

However, 
detailed calculation shows that this equation does not 
have a solution for the dynamic case [10-13].

 

5)

 

In fact, 
as shown by the example in the last section, for a 

dynamic case, the linealized equation and the Einstein 
equation are independent equations [14].

 

It was believed that the linear Maxwell-Newton 
Approximation [11] (or the linearized Einstein equation 
[15, 16]) 

 

                                 
2
1 ∂

 

c∂c µνγ =  K T(m)

 

µν

 

,   where   µνγ

 

= γµν - 2
1 ηµν(ηcdγcd)                      (11a)

 and 

                             µνγ (xi, t) = ∫ R
K 1
2π

Tµν[yi, (t

 

- R)]d3y,      where        R2

 

= ∑
=

−
3

1

2)(
i

ii yx .                   (11b)

 

provides the first-order approximation for the Einstein 
equation (1). However, this belief was verified for the 
static case only.

 

The Cauchy data of eq.(1) must satisfy four 
constraint equations, Gµt = -KT(m)µt (µ

 

= x, y, z, t) since 
G

 

µt

 

contains only first-order time derivatives [17]. This 
shows that (11a) would be dynamically incompatible 
with Einstein equation (1).

 

In 1957, Fock [18] pointed out that, in harmonic 
coordinates, there are divergent logarithmic deviations 
from expected linearized behavior of the radiation. This 
was misinterpreted to mean merely that the contribution 
of the complicated nonlinear terms in the Einstein 
equation cannot be dealt with satisfactorily following this 
method and that another approach is needed. 

Subsequently, vacuum solutions that do not involve 
logarithmic deviation were founded by Bondi, Pirani & 
Robinson [8] in 1959. Thus, the incorrect interpretation 
appears to be justified and the faith on the dynamic 
solutions maintained. It was not recognized until 1995 
[11] that such a symptom of divergence shows the 
absence of bounded physical dynamic solutions.
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Equation (11) shows that a gravitational wave is 
bounded and is related to the dynamic of the source. 
These are useful to prove that eq. (11), as the first-order 
approximation for a dynamic problem, is incompatible 
with the Einstein equation (1). According to the principle 
of causality, it is sufficient to (consider the case of weak 
gravity. Consider, G(2)

µν (Gμν ≡ Gμν
(1) + Gμν

(2)) is at least of 
second order in terms of the metric elements. For an 

Unfortunately, many believe that condition (7)
for weak gravity is always valid for the Einstein equation.



 

 

    

isolated system located near the origin of the space 
coordinate system, G(2)

µt

 

at large r (= [x2

 

+ y2

 

+ z2

 

]1/2) is

 

of O(K2/r2)

 

[1, 17, 19]. 
One may obtain some general characteristics of 

a dynamic solution for an isolated system as follows:

 

1)

 

The characteristics of some physical quantities of an 
isolated system: 

 

For an isolated system consisting

 

of particles 
with typical mass M , separation r , and velocities v , 
Weinberg [17]

 

estimated, 6)  the power radiated at a 
frequency ω

 

of order v / r will be of order 

 

              P ≈

 

κ( v / r )6 M 2 r 4

 

or P

 

≈ M v 8/ r ,           (12)

 

since κ M / r is of order v 2. The typical deceleration a
rad of particles in the system owing this energy loss is 
given by the power P divided by the momentum M v , or

 

a rad

 

≈ v 7/ r . This may be compared with the 
accelerations computed in Newtonian mechanics, which 
are of order v 2/ r , and with the post-Newtonian 
correction of v 4/ r . Since radiation reaction is smaller 

than the post-Newtonian effects by a factor v 3, if v

 

<<

 

c, the velocity of light, the neglect of radiation reaction is 
perfectly justified. This allows us to consider the motion 
of a particle in an isolated system as almost periodic. 

 

Consider two particles of equal mass with an 
almost circular orbit in the x-y plane whose origin is the 
center of the circle (i.e., the orbits are a circle if radiation 
is neglected). Thus, the principle of causality implies that 
the metric g µν

 

is weak and very close to the flat metric at 
distance far from the source and that g µν

 

(x, y, z, t') is an 
almost

 

periodic function of t' (= t - r/c).

 

2)

 

The expansion of a bounded dynamic solution g µν

 

for an isolated weak gravitational source:   

 

According to eq. (11), a first-order 
approximation of metric gµν

 

(x, y, z, t') is bounded and 
almost periodic since Tµν

 

is.

 

Physically, the principle of 
causality requires gµν

 

to be almost periodic in time since 
the motion of a source particle is. Such a metric gµν

 

is

 

asymptotically flat for a large distance r, and the 
expansion of a bounded dynamic solution is:

 

gµν(nx, ny, nz, r, t') = ηµν +  ∑
∞

=1k

f µν
(k)(nx, ny, nz, t')/rk,    where   nν

 

= xν/r. 

 

                           (13a)

3)

 

The non-existence of dynamic solutions:

 

  

                        ∂µnν

 

= (δνµ

 

+ nν

 

nµ)/r,      

 

               (13b)

 

since the term of O(1/r2),
 
being a sum of derivatives with 

respect to t', can have a zero time-average. If G(2)
µt

 

is of
 O(K2/r2) and has a nonzero time-average, consistency 

can be achieved only if another term of time-average 
O(K2/r2) at vacuum be added to the source of the 
Einstein equation (1). Note that there is no plane-wave 
solution for Gµν

 

= 0 [20].

 

It will be shown that there is no dynamic 
solution for the Einstein equation with a massive source. 
Let us define

 γµν

 

= γ(1)
µν

 

+ γ(2)
µν

 

; 

 

γ (i)
µν

 

= γ(i)
µν

 
- 

2
1 ηµν

 

(γ(i) 
cd

 

ηcd),
  

where i = 1, 2 ;

 

and 

                                                            
2
1 ∂α∂α γ (1)

µν

 

=  K T(m)µν
 
.                                                     (14)

Then γ (1)
µν

  

is of a first-order; and γ(2)

 

μν

 

is finite. 
On the other hand, from the Einstein equation (1), one 
has

 

                 
2
1 ∂α∂α γ (2)

µν+ H(1)
µν

 

+ G(2)
µν

 

= 0            (15)

 

Note that, for a dynamic case, equation (15) 
may not be satisfied. If (14) is a first-order 
approximation, G(2)

μν

 

has a nonzero time-average of 
O(K2/r2)

 

[1]

 

(but [∂α∂α γ (2)
µν/2 + H(1)

μν] would have zero 

time-average); and thus γ (2)
µν

 

cannot have a solution.

 

However, if γ (2)
µν

 

is

 

also of the first-order of K, 
one cannot estimate G(2)

μν

 

by assuming that γ (1)
µν

 

provides a first-order approximation. For example, 
equation (11) does not provide the first approximation 

for the static Schwarzschild solution, although it can be 
transformed to a form such that (11) provides a first-
order approximation [15]. According to eq.(9), γ (2)

µν

 

will

 

be a second order term if the sum H(1)
μν

 

is of second 
order. From (9), this would require ∂

 

μ γ µν

 

being of 
second order. For weak gravity, it is known that a 
coordinate transformation would turn ∂μ γ µν

 

to a second 
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order term [17, 18, 21]. (Eq. [15] implies that ∂c∂c γ (2)
µν - 

∂c[∂ ν γ µc + ∂μ γ νc] αβ
βα

µν γη ∂∂+ would be of second 

order.) Thus, it is possible to turn (14) to become an 
equation for a first-order approximation for weak gravity. 

Since it has been proven that (11) necessarily 
gives a first-order approximation [15], a failure of such a 
coordinate transformation means only that such a 

It follows expansion (13a) that the non-zero time 
average of G(1)

µt would be of O(1/r3) due to



 

 

 

   

 

solution is not valid in physics. Moreover, for the 
dynamic of massive matter, experiment [22] supports 
the fact that Maxwell-Newton Approximation (11) is 
related to a

 

dynamic solution of weak gravity [16]. Thus, 
theoretical considerations as well as experiments 
eliminate other unverified speculations thought to be 
possible since 1957.

 

As shown, the difficulty comes from the 
assumption of boundedness, which allows the existence 
of a bounded first-order approximation, which in turn 
implies that a time-average of the radiative part of G(2)

μν

 

is non-zero. The present method has an advantage over 
Fock's approach to obtaining logarithmic divergence 
[18]

 

for being simple and clear. 

 

In short, according to Einstein's radiation 
formula, a time average of G(2)

μt

 

is non-zero and of 
O(K2/r2) [17]. Although (11) implies G(1)

μt

 

is of order K2, 
its terms of O(1/r2) can have a zero time average 
because G(1)

μt

 

is linear on the metric elements. Thus, the 
Einstein equation (1) in vacuum cannot be satisfied. 
Nevertheless, a static metric can satisfy (1), since both 
G(1)

μν

 

and G(2)
μν

 

are of O(K2/r4) in vacuum. Note that G

 

μt

 

= KT(m)μt

 

are constraints on the initial data. 

 

In conclusion, assuming the existence of 
dynamic solutions of weak gravity for Einstein equation 
(1) [8, 18, 21, 23-28]

 

is invalid. This means that general 
relativity has not yet totally superseded Newtonian 
gravity [12].

 

This illustrates also that theorists should not 
carelessly follow the erroneous and groundless claims 
of Christodoulou and Klainerman (see Section 6).

 

Nevertheless, because of inadequacy in 
mathematics, many theorists following Einstein's error, 
claimed or believed that there are dynamic solutions. A 
good example is that Misner, Thorne and Wheeler [19] 
claimed they have an explicit bounded dynamic solution 
of the following form,

 

       ( )222222222 dzedyeLdxdtcds ββ −+−−=−         

 

(16)

 

where L = L(u), β

 

=

 

β

 

(u), u = ct – x, and c

 

is the light 
speed. Then, the Einstein equation Gμν

 

= 0 becomes

 

                               

22

2 0d L dL
dudu
β + = 

                           

     

Misner et al. [19] claimed that Eq. (17) has a bounded 
approximate solution, compatible with a linearization of 
metric (16). However, it has been shown with 
undergraduate mathematics [29] that Misner et al. are 
incorrect and Eq. (17) does not have a physical solution 
that satisfies Einstein’s requirement on weak gravity. In 
fact,

 

L(u) is unbounded even for a very small β

 

(u).

  

On the other hand, from the

 

Maxwell-Newton 
approximation in vacuum, Einstein [30] obtained a 
solution as follows:

 

            222222 )21()21( dzdydxdtcds φφ −−+−−=−

  

  

   

where φ

 

is a

 

bounded function of u (= ct – x). Note that 
metric (18) is the linearization of metric (16) if φ

 

= β

 

(u).

  

Thus, the waves illustrate that the linearization is 
not valid for the dynamic case when gravitational waves 
are involved.

 

Moreover, Misner et al. [19] also make other 
serious errors in physics as shown in their eq. (40.14) for 
the proper time measured by an earth-based clock, but 
other theorists such as Wald [1] and Weinberg [17] did 
not make the same mistake. 

 

IV.

 

The

 

Anti-Gravity Coupling and 
Invalidity of the Space-Time 

Singularity Theorems to Physics

 

 

From the above analysis, there is a conflict 
between the Einstein equation, which has no dynamic 
solution and its linearized equation, which has a 
dynamic solution. The

 

conflict is due to that the second 
order terms G(2)

μν

 

cannot be eliminated in the Non-linear 
Einstein equation. Thus, a simple solution is the 1995 
update of the Einstein equation [10] as follows:

 

          Gµν

 

≡

 

Rµν

 

- 
2
1

gµνR =  K [T(m)µν

 

- t(g)µν],

 

(19)

 

where t(g)µν

 

is the energy-stress tensors for gravity. 
Then, from (19), the equation in vacuum is

 

               Gµν

 

≡

 

Rµν

 

- 
2
1

gµνR = -K t(g)µν

  

          (19’)

 

Note that t(g)μν

 

is equivalent to G(2)
μν

 

(and Einstein's 
gravitational pseudotensor) in terms of his radiation 
formula.

 

When gravitational wave is present, the 
gravitational energy-stress tensor t(g)μν

 

is non-zero. 
Thus, a radiation does carry energy-momentum as 
physics requires. This explains also that the absence of 
an anti-gravity coupling which is determined by 
Einstein's radiation formula, is the physical reason that 
the 1915 Einstein equation (1) is incompatible with 
radiation.

 

Note that the radiation of the binary pulsar can 
be calculated without detailed knowledge of t(g)μν. From 
(19'), the approximate value of t(g)μν

 

at vacuum can be 
calculated through Gμν/K as before since the first-order 
approximation of g

 

μν

 

can be calculated through (11). In 
view of the facts that Kt(g)μν

 

is of the fifth order in a post-
Newtonian approximation, that the deceleration due to 
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radiation is of the three and a half order in a post-
Newtonian approximation [17] and that the perihelion of 
Mercury was successfully calculated with the second-
order approximation from (1), the orbits of the binary 
pulsar can be calculated with the second-order post-
Newtonian approximation of (19) by using (1). Thus, the 
calculation approaches of Damour and Taylor [31, 32] 
would be essentially valid except that they did not realize 

(17)

(18)



 

 

 

In light of the above, the Hulse-Taylor 
experiments support the anti-gravity coupling being 
crucial to the existence of the gravitational wave [34], 
and (11) being an approximation of weak waves 
generated by massive matter. Thus, it has been 
experimentally verified that Einstein equation (1) is not 
compatible with radiation, but the updated Einstein 
equation is.

 

The 1995 updated Einstein equation actually 
was first proposed by Lorentz [35] and Levi-Civita [36] 
as follows;

 

                            κt(g)ab

 

= Gab

 

+  κ

 

Tab

 

                (20)

 

where Tab

 

is the sum of other massive energy-stress 
tensors. Then, the gravitational energy-stress tensor 
takes a covariant form, However, Einstein [37] objected 
to this form on the grounds that his field equation 
implies t(g)ab

 

= 0.  Now, Einstein is wrong since his 
equation is proven invalid for the dynamic case. An 
independent evidence for unboundedness is that the 
calculated radiation

 

depends on the approached 
chosen [38]. Thus, eq. (19) should be called the 
Lorentz-Levi-Einstein equation.

 

While eq. (19) is consistent with the linearized 
equation for the massive case and can do an 
approximate calculation for the gravitational radiation, it 
is still not clear that it is the exact equation. For this, our 
position is that this is the best we can get so far. Further 
verification can be done only after the exact form of the 
gravitational energy-stress tensor t(g)ab

 

is known. 
Moreover, if the unique sign for couplings could be 
attributed to a general E = mc2,7)

 

the non-unique signs 
of coupling would suggest that E = mc2

 

is only 
conditionally valid. It has been shown explicitly that the 
electromagnetic energy is not equivalent to mass.

 

It should be noted that the anti-gravity coupling 
is a general feature that would appear in where the 
gravitational wave is present. For instance, it is 
necessary to appear in the Einstein equation for the 
gravitational waves generated by an electromagnetic 
wave [39, 40].  For the validity of the calculation on light 
bending, it is necessary that an electromagnetic wave 
would generate a negligible gravitational wave because 
this was implicitly assumed in such a calculation.  For 
this case the related equation is the following:

                                     
Gab

 

= K[T(E)

 

ab 

 

- T(p)

 

ab],   and   Tab

 

= -

 

T(g)

 

ab

 

= T(E)

 

ab

 

- T(P)

 

ab

 

,                                 (21)

where T(E)

 

ab

 

and T(P)

 

ab

 

are the energy-stress tensors 
for the electromagnetic wave and the related photons.8)

 

The photonic energy-stress is necessary; otherwise 
there is no bounded gravitational wave solution for 
equation (21) [39, 40]. Thus, the anti-gravity coupling 
must be present for any dynamic case and Einstein's 
understanding in general relativity was still incomplete.

 

In Einstein's initial assumption, the photons 
consist of only electromagnetic energy. If the photons 
consist of only electromagnetic energy, there is a 
conflict since the photonic energy can be equivalent to 
mass and the electromagnetic energy-stress tensor is 
traceless. Now, this conflict is resolved since the 
photonic energy is the sum of electro-magnetic energy 
and gravitational energy. Both quantum theory and 
relativity are based on the phenomena of light. It is 
gravity that makes the notion of photons compatible with 
electromagnetic waves. Einstein probably would smile 
heartily for this.

 

It should be noted that the existence of an anti-
gravity coupling means the energy conditions in the 
singularity theorems [1] are not valid for a dynamic 
situation. Thus, the existence of singularity is not certain, 
and the claim of inevitably breaking of general relativity 
is baseless since these singularity theorems have

 

been 
proven to be unrealistic in physics.  In other words, the 

contributions of Hawking and Penrose to physics in 
terms of those theorems are essentially zero if not 
negative.  Apparently, both Hawking and Penrose also 
did not understand the principle of causality adequately, 
and therefore they accepted unbounded solutions as 
valid in physics. Moreover, Penrose even accepted 
solutions that include unphysical parameters. [34]

 V.
 

E
 
= mc2, the

 
Reissner-Nordstrom 

Metric, and the Question of Black 
Holes

 The existence of the anti-gravity coupling raised 
a question whether the formula E = mc2

 
is

 unconditionally valid. It is found that this is only a 
speculation that Einstein failed to prove (1905-1909) 
[41]. Moreover, since the electromagnetic energy-stress 
tensor is traceless, an electromagnetic energy-stress 
tensor would generate gravitation

 
which does not 

change the Ricci curvature R in the Einstein equation. 
However, nobody seriously studied gravitation 
generated by the electromagnetic energy, although the 
Riessner-Nordstrom metric [19] for a charged particle 
would answer the above issues.9)

  Now, let us examine the Reissner-Nordstrom 
metric [19] (with c =1) as follows:
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the crucial fact that (11) is actually an approximation of 
the updated equation (19) [33].

                                  222
1

2

2
2

2

2
2 2121 Ω−










+−−










+−=−

−

drdr
r
q

r
Mdt

r
q

r
Mds                                            (22)



 

 

        

where q and M are the charge and mass of a particle, 
and r is the radial distance (in terms of the Euclidean-
like structure

  

[42]) from the particle center. In this metric 
(22), the gravitational components generated by 
electricity have not only a very different radial coordinate 
dependence but also a different sign that makes it a 
new repulsive gravity in general relativity [43]. Thus, 
general relativity must be extended to include the 
unification of electromagnetism and gravitation [43].

                            M −q2/2r,

 

                      (23)

 

because the total electric energy outside a sphere of 
radius r is q2/2r, and thus (23) could be interpreted as 
supporting m = E/c2. If the electric energy has a mass 
equivalence, an increase of such energy should lead to 
an increment of gravitational strength. However, from 
metric (22), the strength of a gravitational force 
decreases everywhere after an increase of the electric 
energy. 

 

Moreover, the gravitational forces would be 
different

 

from the force created by the “effective mass” 
M – q2/2r because

 

>−−=









+−

∂
∂

− )(21
2
1

3

2

22

2

r
q

r
M

r
q

r
M

r 









−−

r
qM

r 2
1 2

2
(33)

 

Thus Will was defeated because he could not defend his 
interpretation of m = E/c2

 

[7].

 

The validity of E = mc2 was questioned because 
for the binary pulsars experiment the coupling constants 
necessarily have different signs [11]. Nevertheless, with 
supports from editorials of Nature, the Physical Review 
D,

 

and Science, Will

 

continued to

 

misinterpret

 

the 
formula. Also, some theorists [44, 45]

 

argued that M in 
(22) includes the external electric energy.  

For instance, Herrera,

 

Santos, & Skea [45], also 
argued that M in (31) involves the electric energy. They 
follow the error of Whittaker

 

[46] and Tolman [47] who 
believed the equivalence of mass and electric energy. 
Then they obtained a metric that would imply a charged 
ball would increase its weight as the charge Q 
increased, in disagreement with experiments [48].

 

The above approach is essentially the same as 
that of Pekeris [44], who gets a similar metric in 1982. 
The difference is due to that Pekeris requires that 
│gμν│= g = -1. Thus, the approach of Herrera

 

et al. 
[45] is essentially what Pekeris had done. Apparently, 
theorists have run

 

out of ways that can be used against 
the repulsive force. Nevertheless, Nobel Laureate 't 
Hooft  even claimed incorrectly that the electric energy 
of an electron contributed to the inertial mass of an 
electron [49]. 

 

On the other hand, if the mass M is just the 
inertial mass of the particle, the weight of a charged 

metal ball can be reduced [50]. Thus, as Lo expected 
[7], experiments of Tsipenyuk and Andreev on two metal 
balls [48] rejects the claims of Herrera et al. [45] since 
the charged ball has reduced weight.

 

This is an 
experimental direct proof. We recommend that the 
detailed investigation of such experiments [50] should 
be continued such that this static case of general 
relativity is fully verified.

 

Note that the appearing of the repulsive 
gravitation is important because it would solve a puzzle 
as to why we have never seen a black hole. If gravity is 
always attractive to mass, Wheeler simulation convinces 
him that a black hole must be formed [2]. 10)

 

Another 
piece of information for the existence of black holes is 
the existence of space-time singularities, proven by 
Hawking and Penrose [1]. Now, because the necessity 
of the existence of the anti-gravity coupling the energy 
conditions of their theorems

 

cannot be satisfied. Thus, 
their space-time singularity theorems are actually 
irrelevant to physics. 

 

More important, this repulsive force is crucial for 
establishing the unification of gravitation and 
electromagnetism [43].                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

VI.

 

Discussions and Conclusions

 

In current theory of general relativity, essentially 
only the case of massive sources is studied, due to 
Einstein's speculation on mass and energy, E = mc2

 

being unconditionally true. Moreover, because of such 
speculation, physicists accepted the assumption that all 
the coupling constants have the same sign. For 
instance, such assumption was implicitly included in the 
energy-conditions used in the space-time singularity 
theorems of Hawking and Penrose [1]. In turn, such 
theorems would imply that general relativity is 
inapplicable for microscopic phenomena. The problem 
actually is due to a lack of understanding the non-linear 
mathematics. However, many incorrectly blame the 
problem as due to the classical nature of general 
relativity. Furthermore, this leads to their speculation that 
there was a conflict between general relativity and 
quantum mechanics. 

 

In spite of the efforts of generations of 
physicists, there is no experimental evidence to support 
their claims (see Appendix A). Nevertheless, the 
Spacetime singularity theorems provide a convenient 
excuse for the Big Bang Theory of the expanding 
universe

 

and the notion of black holes. However, 
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although Penrose has won his arguments against the 
theorist, E. M. Lifshitz [2], the problem is, however, not 
in mathematics. A time tested practice in physics is that 
if the conclusion is unusual, one should go back to 
examine their assumptions. However, the singularity 
theorems have been treated as exceptions. 

Consequently, many believed that there was a 
conflict between general relativity and quantum 

Nevertheless, some argued that the effective 
mass could be considered as



 

 

 

mechanics. The fact is, however, that not only this is not 
true

 

but also general relativity actually necessitates the 
existence of photons [39, 40].

 

Nevertheless, Einstein has commanded such a 
faith and thus nobody ever questions his speculation E 
= mc2

 

as unconditional although Einstein has failed to 
prove it for years (1905-1909) [41]. Moreover, people 
over-looked that E = mc2

 

being unconditionally true is in 
direct conflict with general relativity because of the fact 
that the electromagnetic energy-momentum tensor is 
traceless [43]. Some theorists even supply their own 
errors that lead to further confusion [34]. 

 

According to their theorems, Hawking and 
Penrose claimed that general relativity is unsuitable for 
microscopic phenomena [1]. However, they were not 
aware that

 

the assumption of unique coupling sign also 
implies that general relativity is also not suitable for 
macroscopic phenomena [39, 40]. This is so because in 
the light bending, it is implicitly assumed that the gravity 
due to the light ray is negligible [15, 16]. Since the 
energy-stress tensor of an electromagnetic wave can be 
a source term, gravitational waves would be generated 
[51]. However, if such gravity is not negligible or having 
no solution due to the assumption of unique coupling 
sign, then general relativity would not be valid even for 
macroscopic phenomena. Since Einstein was not aware 
of this, his understanding in general relativity also needs 
to be improved.

 

A major problem is that Einstein and his 
followers do not understand non-linear mathematics. As 
Gullstrand [52] pointed out, Einstein’s calculation on the 
perihelion of Mercury is problematic. Nevertheless, the 
coincidence between his calculation and observation 
was the source of Einstein’s confidence in his theory. 
Understandably, almost the whole physics community 
was against Gullstrand. Ironically, Gullstrand is right. In 
fact, many failed to understand that the Einstein 
equation does not have a bounded solution for a two-
body problem [13] as in Newtonian theory.

 

11)

 

Moreover, 
for the dynamic case, the Einstein equation and the 
linearzied

 

equation are actually not compatible, but 
independent equations [14].12)

 

Another problem was 
Einstein’s partially verified formula E = mc2

 

which turns 
out to be invalid for the electromagnetic energy. 

 

Einstein's false confidence leads to serious 
problems. One of them is the acceptance of space-time 
singularity theorems of Hawking and Penrose.

 

13)

 

They 
serve as the justification for the Big Bang Theory that 
has been known to have many problems [53, 54], and 
black holes that have not been observed. Hawking and 
Penrose invalidly blame their claim of inapplicability to 
microscopic problem as due to being a classical theory. 
Moreover, the Wheeler School, in particular the errors of 
Christodoulou [55],14)

 

have been proven as creating 
further confusions [34] that even misled the 1993 Nobel 
Prize Committee for physics [56] to claim erroneously 

that the Einstein equation has bounded dynamic 
solutions [10-13].5)

 

The formula E = mc2

 

was proved for the case of 
light rays [15]. However, it remains to reconcile that the 
electromagnetic energy-stress tensor is traceless. Now, 
the notion of a photonic energy-stress tensor of 
massless particles solves this puzzle since

 

the photonic 
energy can be equivalent to mass because photons are 
massless particles, but the electromagnetic energy 
alone cannot. Note that both quantum theory and 
relativity are based on the phenomena of light. Now, it is 
gravity in general relativity that makes photons 
necessary for electromagnetic waves, and thus 
Einstein's photonic proposal is inadequate. 

 

The important results from this analysis are: 1) 
The invalid covariance principle confuses mathematics 
and physics. 2) The electromagnetic energy is not 
equivalent to mass. 3) The photons include energy from 
its gravitational components.

 

9)

 

4) Einstein’s general 
relativity is invalid for the dynamic case, for which it 
remains to be rectified and completed in at least two 
aspects: a) The exact form of the gravitational energy-
stress tensor is not known; and b) The radiation reaction 
force is also not known. Since the photons include 
gravitational energy, general relativity is clearly 
compatible with quantum theory.  

 

Thus, the space-time singularity theorems of 
Hawking and Penrose are actually irrelevant to physics. 
Using the same invalid unique sign assumption, the 
positive energy theorem of Schoen and Yau actually 
does not include the case of the dynamic solutions [57, 
58].

 

15)

 

Thus, such a theorem is misleading because it is 
based on an invalid assumption.16),

 

In fact, recognizing E 
= mc2

 

as only conditionally valid [6], is crucial to identify 
the charge-mass interaction. Moreover, such a force is 
coupled to the charge square, and thus such a force 
exists naturally in a five-dimensional theory of Lo et al. 
[59].  

 

Einstein failed to show such unification because 
of his three shortcomings: 1) He failed to see, as 
Maxwell showed, that unification is necessary to have 
new interactions. 2) He has mistaken that E = mc2

 

was

 

unconditional. 3) Einstein invalidly rejected the repulsive 
gravitation [7]. Einstein's invalid covariance principle 
also added confusions [9].17)

 

However, this new 
repulsive force can also be detected from a charged 
capacitor. Thus, unification of electromagnetism and 
gravitation beyond Einstein is confirmed [6]. Hence, 
Einstein turns out to be the biggest winner from the 
rectification of his errors. 18)
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The earliest error of Einstein started from his 
inadequate notion of photons which include only 
electromagnetic energy. This led him to believe 
erroneously that E = mc2 could be generally valid [15]. 
Consequently, he rejected repulsive gravitation [7] and 
believed all the coupling constants had the same sign. 



 

 

 

 

Einstein incorrectly believed that his test particle 
approach could be derivable as a limit of a dynamic 
solution [81] because he has never derived one with 
nonlinear mathematics.

 

19)

 

A serious problem in general 
relativity is that many rush to obtain new conclusions 
without careful deliberations [10]. 

 

Clearly, the errors of Einstein and his followers 
are the obstacle of progress in physics. However, if one 
has any doubt on my claims, it would be beneficial for 
him to find examples to support his objections.20)

 

Note 
also that the outstanding work on repulsive gravitation of 
Musha [5] was not recognized for a long time because 
of the theoretical errors. Nevertheless, the work of Liu [4] 
makes it clear that the weight reduction of charged 
capacitor is due to the repulsive gravitation [6].

 

Journals such as the Physical Review, the 
Proceedings of the Royal Society A, the Annals of 
Physics, and the Chinese Physics accepted the 
singularity theorems because theorists make mistakes in 
non-linear mathematics and related physics.  
Experimental supports and explicit calculations of the 
present derivation make clear that they are wrong.    
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Appendix A: On Interpretations of Hubble’s Law and 
Einstein's Theory of Measurement

 

Hubble’s law is often considered as the 
observational evidence of an expanding universe. Then, 
the further a galaxies is from the Milky Way, the faster it 
appears to recede. However, Hubble himself concluded 
in 1936 that the Galaxies are stationary [60].  In fact, 
such a receding velocity is incompatible with the local 
light speeds used in deriving the light bending. Thus, 
such a questionable assumption that has been pointed 
out by Whitehead [61] and also proven as theoretically 
invalid. 

 

Note that the Doppler redshifts of the light from 
receding Galaxies is based on an implicit assumption 

that there is no expansion for the space coordinates. 
Moreover, the receding velocity is incompatible with the 
light speeds used in deriving the light bending. In short, 
the notion of expanding universe is a production due to 
an inadequate understanding of a physical space. Thus, 
it is questionable that such a universe is related to the 
reality.

 

A.1. Hubble’s Law

 

Hubble observed from light emitted by galaxies 
that the redshifts S are linearly proportion to the distance 
L from the Milky Way as,

 

                                     S = H L

 

                             (A1)

 

where H is the Hubble constant although the redshifts of 
distant galaxies will deviate from this linear law slightly. 

 

A.2. The Redshifts

 

In terms of a theory from general relativity, it is 
well known that this law can be derived with the 
following metric [1],

 

       ds2

 

= -dτ2

 

+ a2

 

(τ){dx2

 

+ dy2

 

+ dz2},

 

         

 

(A2)

 

since 

                       

1
)(
)(1

1

2

2

1

1

12 −=−=
−

=
τ
τ

ω
ω

λ
λλ

a
aS

,

 

         (A3)

 
where ω1

 

is the frequency of a photon emitted at event 
P1

 

at time

 

τ1, and ω2

 

is the frequency of the photon 
observed at P2

 

at time

 

τ2

 

. Furthermore, for nearby 
galaxies, one has

                      
aaa )()()( 1212 ττττ −+≈

 

and R≈12 -

 

ττ
    

(A4)

 
Thus,

                    S = 
a
a

L= H L, and H = 
a
a

              (A5)

 

 
A.3. Hubble’s Law and the Doppler Redshifts

 
If one chooses to define the distance between 

two points as 

 
 

                              R = ∫
2

1

)(τa 222 dzdydx ++ = a(τ)L,         where   L = ∫ ++
2

1

222 dzdydx

 

                          (A6)

 

Then
 

                          HR
a
R

d
daa

d
dLL

d
da

d
dRv ==+==

ττττ ,        (A7)  

Thus,
                               v = S.                          (A8)
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This means that the redshifts could be superficially 
considered as a Doppler effect. 

Note that Hubble’s Law need not be related to 
the Doppler redshifts. In fact, Hubble rejected such an 
interpretation [61]. 



 

 

 
A.4. Remarks

 

However, if we define the distance as L, there is 
actually no receding velocity since L is fixed (i.e., dL/dτ

 

= 0). 

 

Thus, whether Hubble’s Law represents the 
effects of an expanding universe is a matter of the 
interpretation of the local distance. From the above 
analysis, the crucial point is what a valid physical 
velocity

 

in a physical space is. 

 

It should be noted that dL/dτ

 

= 0 means that 
the space coordinates are independent of physics. In 
other words, the physical space has a Euclidean-like 
structure, which is independent of time. However, since 
L between any two space-points is fixed, the notion of 
an expanding universe, if it means anything, is just an 
illusion. Moreover, the validity of (A6) as the physical 
distance has no known experimental supports since it is 
not even clearly measurable. Also, a problem is that the 
notion of velocity in (A7) would be incompatible with the 

light speeds in the calculation of light bending 
experiment.

 A.5. The Coordinates of an Einstein Physical Space, and 
Definition of Velocity

 If the Riemannian space is embedded in a 
higher dimensional flat space [62], then the coordinates 
dxµ

 
are determined by

 
ds2

 
= gµν 

dxµdxν,
 

or –gttdt2

 
+ gijdxidxj

 
(A9)

 
such as the surface of a sphere in a three dimensional 
Euclidean space. For a physical space since the metric 
is a variable function, it is impossible to determine the 
coordinates with the metric. Moreover, it has been 
proven [42] that a frame of reference with the Euclidean-
like structure must exist for a physical space. 

For a spherical mass distribution with the center 
at the origin, the metric with the isotropic gauge is, 

                        
-ds2

 
= -[(1 – Mκ/2r) 2/(1 + Mκ/2r) 2] c2dt2

 
+ (1 + Mκ/2r) 4

 
(dx2

 
+ dy2

 
+ dz2)

 
                     (A10)

 
where κ = G/c2

 (G = 6.67 × 10-8
 erg cm/gm2), M is the 

total mass, and r = 222 zyx ++ . Then, if the 

equivalence principle is satisfied, the light speeds are 
determined by ds2

 = 0 [12, 13], i.e.,  

                 
3

222

)2/1(
2/1
rM
rMc

dt
dzdydx

κ
κ

+
−

=
++

               (A11) 
However, such a definition of light speeds is 

incompatible with the definition of velocity (A7). Since 
this light speed is supported by observations, definition 
(A7) is invalid in physics. 

Nevertheless, Liu [63] has defined light speeds, 
which is more compatible with (A7), as  

                                 rM
rMc

dt
dxdxg ji

ij

2/1
2/1

κ
κ

+
−

=
                           (A12) 

for metric (A10). However, (A12) implies only half of the 
deflection implied by (A11) [15].  

The above analysis also explains why many 
current theorists insist on that the light speeds are not 
defined even though Einstein defined them clearly in his 
1916 paper [15] as well as in his book [16]. The light 
speeds are well defined although diffeomorphic metrics 
give different sets of light speeds for the same frame of 
reference. However, Einstein defines light speeds after 
the assumption that his equivalence principle is 
satisfied. Thus, at most only one of such metrics is valid 
in physics.  

Moreover, it has been proven that the Maxwell-
Newton Approximation gives the valid first order 
approximation of the physical metric [11-13]. Since 
metric (A10) is compatible with the Maxwell-Newton 

approximation, the first order of light speed (A11) is valid 
in physics. Thus, the speculation that local light speeds 
are not well defined is proven incorrect. In essence, the 
velocity definition (A7), which leads to the notion of the 
Doppler redshifts, has been rejected by experiments. 

 
 One may ask what causes such redshifts that 

are roughly proportional to the distances from the 
observer. One possibility is that the scatterings of a light 
ray along its path to the observer. In physics, it is known 
that different scatterings are common causes for losing

 energy of a particle, and for the case of photons it 
means redshifts. Unfortunately, to test such a conjecture 
is not possible because no current theory of gravity is 
capable of handling the inelastic scatterings of lights. 

 Nevertheless, the assumption that observed 
redshifts could be due to inelastic scatterings may help 
to explain some puzzles of observed facts [64]. For 
instance, younger objects such as star forming galaxies 
have higher intrinsic redshifts, and objects with the 
same path length to the observer have much different 
redshifts while all parts of the object have about the 
same amount of redshifts. For those interested in 
alternative cosmology theories, there are the plasma 
universe model [54] and others [65].  

 

 
 There are two aspects in causality: its relevance 

and its time ordering. In time ordering, a cause event 
must happen before its effects. This is further restricted 
by relativistic causality that no cause event can 
propagate faster than the light speed in vacuum. The 
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time-tested assumption that phenomena can be 
explained in terms of identifiable causes will be called 

a) Discussions 

Appendix B: The Principle of Causality and the Physics of 
Plane-Waves



 

 

the principle of causality. This is the basis of relevance 
for all scientific investigations.

 
Thus, the principle of causality implies that any 

parameter in a solution for physics must be related to 
some physical causes. Moreover, Einstein's notion of 
weak gravity is also based on the principle of causality 
that implies a weak source would produce a weak 
gravity. Here this principle will be elucidated first in 
connection with symmetries of a field, the boundedness 
of a field solution, and consequently in the validity of a 
field equation in physics. 

 
In practice, when the considered field is absent, 

physical properties are ascribed to the space-time as in 
a "normal" state. For example, the electromagnetic field 
is zero in a normal state. Then, any deviation from the 
normal state must have physically identifiable causes. 
Thus, the principle of causality implies that the symmetry 
must be preserved if no cause breaks it. The implication 
of causality to symmetry has been used in deriving the 
inverse square law from Gauss's law. 

 
The normal state of a space-time metric is the 

flat metric in special relativity. Thus, if a metric does not 
possess a symmetry, then there must be physical 
cause(s) which has broken such a symmetry. For a 
spherically symmetric mass, causality requires that the 
metric is spherically symmetric and asymptotically flat. 
Also, since gravity must have a cause, a weak cause 
can lead to only weak gravity. Therefore, Einstein's 
notion of weak gravity is also a consequence of the 
principle of causality.

 
However, the physical cause(s) should not be 

confused with the mathematical source term in the field 
equation. In general relativity, the cause of gravity is the 
physical matter itself, but not its energy tensors in the 
source term of Einstein's field equation. The energy-
stress tensors (for example the perfect fluid model)

 

may 
explicitly depend on the metric. Since nothing should be 
a cause of itself, such a source tensor does not 
represent the cause of a metric. For the accompanying 
gravitational wave of an electromagnetic wave, the 
physical cause is the electromagnetic wave. Thus, one 
should not infer the symmetries of the metric based on 
the source term (instead of its causes) although their 
symmetries are not unrelated. 

 
Moreover, inferences based on the source term 

can be misleading. The source term may have higher 
symmetries than those of the cause and the metric. For 
instance, a transverse electromagnetic plane-wave (1) is 
not rotationally invariant with respect to the z-direction of 
propagation. But the related electromagnetic energy-
stress tensor component T(E)tt

 

for

 

a circularly polarized 
wave is rotationally invariant. This assumption violates 
causality and results in theoretical difficulties.

 
Classical electrodynamics implies that the flat 

metric is an accurate approximation, caused by the 
presence of weak electromagnetic waves. This physical 
requirement is supported by the principle of causality 

which implies such a metric to be a bounded periodic 
function. However, this required boundedness is not 
satisfied by solutions in the literature [66-68]. These 
solutions also violate causality directly since they involve 
parameters without any physical cause [67]. They also 
do not satisfy the equivalence principle [69, 70]

 
although they are Lorentz manifolds. 

 
A necessary and sufficient condition for 

satisfying the equivalence principle

 

21)

 

is that a time-like 
geodesic represents a physical free falling; but the 
mathematical existence of local Minkowski spaces is 
only necessary. A major problem in general relativity is 
that many theorists and journals do not understand 
related physics, in particular, the principle of causality 
adequately.

 
Endnotes

 
1.

 

Although a Nobel Prize in Physics has been 
awarded to S. Perlmutter, B. PSchmidt, and A. G. 
Riess for the accelerating expansion of the universe 
in 2011, the expanding universe actually has not 
been verified (See Appendix A).

 
2.

 

The existence of anti-gravity coupling has been 
considered by Lorentz [35], Levi-Civita [36] and 
Pauli [71]. 

 3.

 

Thus, the observation of Galileo that all neutral 
matter falls in the same rate under gravitation

 

is 
actually incomplete [72].

 4.

 

Wald has never provided a dynamic solution [73].

 5.

 
The proof on the non-existence of dynamic solution 
[11] was published in 1995 Astrophys. J. when S. 
Chandrasekhar, a Nobel Laureate, was the editor-in- 
chief. This was two years

 

after the 1993 Nobel Prize 
was awarded to Hulse and Taylor. Thus, 
Chandrasekhar also agreed that there are problems 
in the 1993 Nobel prize in physics.

 6.

 
Prof. S. Weinberg taught us that general relativity 
must be understood in terms of physics, and thus 
summarized the viewpoints and tradition of M.I.T on 
general relativity. This tradition has a long history, 
starting from N. Rosen and A. Einstein’s paper of 
1937, followed by H. Yilmaz, advocated by V. F. 
Weisskopf and P. Morrison, and so on. It is a 
pleasure to be able to contribute to such an 
outstanding tradition. However, to repair such a 
tradition is urgently needed since it has been broken 
by the Wheeler School [34] after Prof. Morrison 
passed away. This would not be an easy task for 
MIT since Einstein also has mistakes. And Harvard 
University as well as Princeton Advanced Studies 
were also sources of errors [57]. 

 7.
 

For a thorough discussion on the relation between 
the mass and the total energy of a particle, one can 
read the paper of L. B. Okun [74]. However, since 
Okun believed that E= mc2

 
is generally true [75],
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Okun did not understand that the electromagnetic 
energy is not equivalent to mass [75]. Nevertheless, 



 

 

 
Okun has some interesting thought [76] about the 
energy of photon related to gravity, and would 
question to interpret the Hubble’s law as due to 
receding of the stars.

 
8.

 

Now, we understand that Einstein's proposal of the 
photons is inadequate, and moreover it is a 
necessary consequence of general relativity. It is 
interesting that this is a major triumph of general 
relativity, but shows also a major error of Einstein in 
general relativity [77]. The Chinese Physics also 
mistaken that a bounded solution can be obtained 
by perturbation.

 9.

 
I have reported these to MIT President Hockfield 
and the subsequent President Reif. They have 
promised to up-grade the related education in 
gravitation.

 10.
 
The unconditional validity of E = mc2

 
is responsible 

for the invalid notion that energy always produces 
attractive gravity [2; p.488]. Thus, the notion of 
black holes could be considered as due to the 
errors of Einstein.

 11.
 
Because of

  
inadequacy in non-linear mathematics, 

theorists such as Hod [78], like many other 
"theorists", carelessly failed in recognizing the 
problem is that there is no bounded dynamic 
solution [10-13]

 
since linearization for the static 

case is valid. Thus, they claimed that general 
relativity has superseded Newtonian theory in every 
aspects. Unfortunately, this is simply not true 
although Einstein also wrongly believed this as 
Gullstrand [52] pointed out.

 
  

also does not know that, for the 
dynamic case, the linearized equation and the non-
linear Einstein equation have only unrelated 
solutions [14]. Because he does not understand 
non-linear mathematics, Bertschinger

 
erroneously 

[14, 34] believed that the linearization of Einstein 
equation was in general mathematically valid [79].

 13.
 
The space-time singularity theorems made sense 
only if the Einstein equation has bounded dynamic 
solutions. This is why Hawking and Penrose and 
their followers had to believe the existence of 
bounded dynamic solutions.

 
14. The Ph. D. degree advisor of D. Christodoulou is J. 

A. Wheeler, whose mathematics has been shown 
also in his book Gravitation [19] having errors in 
crucial arguments and unreliable at the 
undergraduate level. In fact, mathematician Perlick, 
[80, 81] has pointed out the book of Christodoulou 
and Klainerman is incomprehensible. Accordingly, 
the honors awarded to Christodoulou, in fact, 
reflected, the blind faith toward Einstein and 
accumulated errors in general relativity [82]. These 
expose that many theorists just do not understand 
non-linear mathematics. In fact, Christodoulou has 

never completed the construction of dynamics 
solutions [83]. In short, the contributions of 
Christodoulou to general relativity are just errors. 

15. Michael Francis Atiyah has been president of the 
Royal Society (1990-1995), and President of the 
Royal Society of Edinburgh (2005-2008). Since 
1997, he has been an honorary professor at the 
University of Edinburgh (Wikipedia). However, like 
many mathematicians, clearly he does not 
understand general relativity just as Hilbert [84] did 
not and thus, Yau and Witten were awarded the 
Fields Medal for their errors [58]. 

16. Due to making the same erroneous assumptions in 
physics (claiming the existence of dynamic solution 
for the Einstein equation), S. T. Yau had organized 
seminars for Hawking in Hong Kong and other cities 
of China. Now, he claimed, however, that he is no 
longer interested in general relativity. Thus,  he 
ignores that his positive mass theorem [85] is 
misleading in physics. [57, 58]. Moreover, later the 
same error was made by Witten [86]. This error may 
also explain the fact that there is little progress in the 
string theory. Thus, it seems, many mathematicians 
at the top as well as physicists "at the top" have 
made errors in general relativity. 

17.
 
Due to the influence of L. Z. Fang and C. N. Yang, 
currently in China few understand general relativity 
after P. Y. Zhou [87]. Yang is against Zhou, who 
correctly pointed out that Einstein's covariance 
principle is invalid [34]. However, as Weinberg [88] 
pointed out, Yang's understanding on the gauge 
theories is incorrect [34]. Moreover, Yang is also 
proven wrong by explicit examples [89]. 

 

18.
 
Apparently, Einstein did not know that his unification 
was that close to confirmation. If he had known this, 
he may not be that willing to go by rejecting the 
modern medicine to prolong his life [90].

 

19.
 
It has never occurred to Einstein that his field 
equation is invalid for the dynamic case, and this is 
a main reason that he failed to see the necessary 
unification of gravitation and electromagnetism.

 

20.
 
I claim a statement in physics is wrong only under 
two conditions: 1) it is logically not self-consistent; 
and 2) it is against by experiments or observations. 
Otherwise, I claim them as disagreements only.

 

21.

 

Eric J. Weinberg, editor of the Physical Review D, 
invalidly insists that there is no difference in physics 
between Einstein’s equivalence principle and Pauli’s 
version [71] although Einstein pointed out that 
Pauli's is a misinterpretation [91]. Eric does not 
understand the functional analysis related to 
Einstein's equivalent principle [34], and the non-
linear mathematics with related physics. His 
incompetence is a main reason that APS is lack 
behind in the physics of gravitation [92].
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12. Bertschinger [79}
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Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 

© Copyright by Global Journals Inc.(US) | Guidelines Handbook

XIII



 

 
 

 
 

 

Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es)

 
Approach: 

Single section, and succinct

 
As a outline of job done, it is always written in past tense

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives.

 Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 
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