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Contact Wormhole Machlne
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_Tomorrowland's.

Back to the Future:
Flux Capacitor

FBlg Hero 6's Portals k

r..._...._ Star Trek, Warp drlves
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Grawtatlonal Fleld Generators
in GeneraI'ReIatlwty”
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Emstem s Equnlalence PI‘II‘ICIp|e

'* Free faII and Earth curvature oy |

| Locally : you do not feel grawty , - | Locally youdo not feel curvature

* Existence of a Ioc:aIIy |nert|a| frame riemaniann geometry
. ‘metric fields are gravrtat|ona| fields (Ernstern 1908)
* Unrversalrty of free faH '

2% all kinds of energies undergo graV|tat|on |
L spacet|me curvature is due 1o any kind of energy

2.8 I\/Iagnetrc f|e|ds generators are also graV|tat|ona| fields
generators | -



Emstem MaxWeII (EM) System

* Emstems equatlons W|th matter and electromagnetlsm

R P 87TG
. i mat em
s 1 | ; | 1 v .‘ Maxwell : |
fr/(l(l;lll) T <(] or P JLcx F ve o '_,',(/ /,u./'F Qx BF v j) Stresas'e“eergy
5 O . - ‘ | 47" : tensor

,uz/ s 8 A a A Faradaytensor

,u with A electromagnetlc vector potentlal

% Pure Emstem I\/Iaxwell system T/Smat) 0 -
| : ,: ‘and | |

E o SR T Z0s R=0
R,Lw TR - oA T<em) | -ZV,UJF’LW i poJ” F

~Einstein equatio_n‘s 3

Max;NeII equations
- with JY current density



Some analytlcal results of EM system

* Spacetlme with unn‘orm statlonnary magnetlc/electnc fields:

_— Static axisymmetric cosmolog|cal solutions:

- Levi-Civita, 1917 ‘Bertotti, 1959 : Robinson, 1959 Bonnor 1954 I\/Ielvm
1964 ; Peblansky&Hacyan 1979" ‘

— Not asymptotlcally flat (dlvergence of metric fields at spatlal mﬂmty)

* Electrically charged bIaCk hole:
.= Non-rotating: Reissner, 1916-and Nordstrom 1918
—>Rotat|ng Kerr-Newman 1965
— Asympto’ucal ly ﬂat |

* Infinite stralght W|re carrymg steady current

_ I\/Iukherjee 1938 ; Wltten 1962 _
— Not asymptotlcallyﬂat ¢



Some analytlcal results of EM system

* Bonnor's theorem (1953)

— Duality Correspondance between electrostatic and magnetaostatic,
- solutions outside of the:sotirces ~

— Proof of existence of.the solution for current Ioops and partlal
asymptotics for the magnetlc dlpole :

Asymptotically flat solutions in &aXisymmetric spacetime? .

* Current"loop in‘g”ener.a'l relativity (Bonnor, 1960):
~ —field'equations and particular analytical solution

o )
TP 7
' Raec: . 6

* Infrnitely'I.eng.sellenerdfi‘h'v_v','e_é;k -ﬁeld regime (Ivano_v, 1994)

Solutions of full EI\/I for current Ioops and solenmds
St Carrymg arbltrarlly Iarge currents? -



F|eld equatlons

* Gauge ch0|ce for metnc (\Neyl gauge) and vector poten’ual

ds® = 2eP™ z)dtQ — eA(r Z) (dfr —I—dz ) — e_p(r ) ngo

A= U024
r
* Einstein’s equa’uons A |
| 87TG€’0 -------- 22s Magnetic . |
V " ( ~aqa 82 ) energy densi
(r2)F c4.u-o 720\ (g);(a) Al foe
, 5. .8mlze |
V2 At (0.0 = o ((8r0)? — (6, @)
'* I\/Iaxwell equatlon AP, #0 T | "/~ Magnetism
RN JTRT SN : k on curved space -

V(r %)a - —8 a = . (37«&874,0" 0, a0, p) — o

v(’r z) s 82 _|_ 0"“,/.74 0Z<——— Laplac.lan operatof gn flat space!



Maxwell equatlan on curved space

V(T = —(9 (i (8 a@ ,0+ (9 a@zp) — T,LLOJ

Vector potent!al-decomp05|t|pn: CL : a,nr —|— Arel '
* Non-relativistic I\/Iéxwell équa’tion : flat background p=A=0
V(T, Z)anr e am —. '—T‘/LQJ

* Sources fora,:- L0

_s Current loop: mﬂnltely thm glgle (J 8(2).8(r-1))
— Solenoid: mflnltely thln sheet (J~8(r-l) for z in [- L/2; L/2])

 — Classical solutions:in terms of complete elllptlc functions of
~first, second (and third) kind '

— can also be obtained through B|ot Savart law -
—Avoids dealmg with pomt like sources



DlmenSIonIess fleld equatlons

* Current Ioop of Iength I U= r/I iy z/I o /(Mol I)
* Solenoid of length L and radius I:'u=r/l, v=2/L, a'= a Hug InL 1)
* Set of 3 coupled dlmen3|on|ess non-linear elllptlc PDEs

' W LR e B J2 5 e E g 2
V P CI Z_Qu— (O (anr nE arel)) ‘I‘ 72 (0 (anr."l_ Qrel))
[ F2gh i /2 SR
VQ)\ —|_ ﬁ (a’l)p) B CIZ_Q_ ((au(anr _!_a'rel))2 ) ﬁ (81) (afnr s afrel))2)
Viare — aauarel = — | Ouftnr + Gre1)Oup s ﬁa (Gnr + Gre1)Opp
* Magneto-gravitational coupling:|c; = 87TG 2 i 87r (It0t>
* The total current matters! ‘ el

Planck current; [p) = = 9.'8169 x 10% 4

. ..GNO



N Combactnese X GM
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Boundary COI‘IdItIOI‘IS

* Regularlty c:ondltlons at r 0: vamshlng radlal
derivatives on axis - i |

* Asymptotic flatness: graVItatlonaI fields around a
magnetic dipole:

| 74 o : | 5 1/2
o~ B a= (v he)
| o CI 2 2u2“a ; L2' 12 . 9u4-- .
TR TdS 2ads T 4dE

Qi o )

* These gifavi.tati‘onavl fields are not monopolar



- Numerical Results for the current loop

-*.- Metric components .’

~ " Relativistic, -
" part of
. Magnetic

.. -component " |




Grawtatlonal redshlf't from c0|ls

* Metric components are not observables
— Move to'gauge invariant:guantities

* Einstein effect: gravitational redshift is tiny!

* No spacetime singularities for finite current?

*Measure of the depth of gravitational potential well: too weak
to be detected!



. - Deviation of light:by electromagnets
* Classicall (hon quathm) ei‘%ec;t f;orh gen!eral' relativity (curvéd
spacetime)

* Amplification for detection: observables cumulative along the
path of light(phase shift, polarization, etc.):

* Integration of null . geodesics for a. numerical metric
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Appllcatlon to astrdphysms : magnetars

* Neutron stars wrth uItra strong magnetlc flelds (B 108 10” T)

"Magn‘étar candldate

Known ma hetar candidates'. R
‘ 9 e B ! .. ‘ i around the galactic centre (Sgr A*
T ST Eer e TG S e ~ Source : NASA Chandra
YO NI ST T M - o <P o LA ' RS SIT  <.q NPRE TP CE
AP ' i Py 4
/ . o \\\
p/ PR "\' 3
§ o o Bt B : P
\ e LE S e, ’ e s i - o f ¢ : a1, "..\ ‘»,'
\ . ) ) /.- £ ] L
J i % : ¥ o
Shrce: http://solomon.as.utexas.edu- ./ B, ' 4 : | s m‘
v B A .o 2008 2013
; /

* Addrtlonal spacetrme curvature due fo magnetlc energy will.
contribute to gravrtatlonal Iensrng and quantum effectson

polanzatlon



Generatlon and detectlon

of artificial graWtatldnaI flelds e
* Phase shift of ||ght from graV|tat|ona| field :

AROIES / hWK(O)”dx“ i / (p(0,2) = A0, 2))dz
2 7 - A ;% s ;

- h,,,: perturbed metric ; K unperturbed wave vector; A: wavelength

* Cumulatlve along the trajectory : signal amplification in cavities

X Setup similar t6 ground-based lnterferometrlc detectors of GW
(LIGO, VIRGO, GEOéOO etc)

* Use of Helmholtz: COI|S QC ; |
I T
N (P >\) u? (8 anr)' (X2 ‘Br‘Q

Tk Compromlse between amplrtude generated and detection
threshold |



A ]

A proposed Setup ;.-"-.i - o Mlchélson |nterfer6n'|.e¥er'

Helmholtz
conI

- with ‘Fabry-Pérot cavities
- toincrease light path in
the grawtatlonal fleld

<
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Laboratory appllcatlon
testmg both- Emstem and M-axwell theorles

* Equivalence pr|n<:||o|e tests With bmdmg energies of comp05|te
systems :

— universality of free fall atomlc clocks, stellar physics, quasars spectra,
BBN;, CMB, solar. system (PPNS) binary systemswrth pulsars, pulsar .. -
timing, etc.s

* No speuflc tests excluswely on grawtatlon + electromagnetlsm -

— Intense magnetic fields: purely electromagnetlc and at high energies

* Grawtatlon Electromagnetlsm unlflcatlon
— Kaluza- K|e|n (1920s): compactlflcatlon of an extra dlmen5|on

ane ( o A ) S
AB \ ¢2A '- _ ¢2 >

the gauge couplings
- —Low-energy I|m|ts ofthe (many) compactlfled string theorles

*. Nonllnear electromagnetlsm (e.q. Born Infeld)



Some perSpect,lvesf '
* Theoretlcal S|de e
. = Prospects from alternatlve theones of graV|tat|on .

* Experimental side:”
fea5|b|l|ty study with llght mterferometry
— Other possible detectlon channels ‘
| * Polarization
* bunch of charged partlcles and synchrotron radiation
»- Aharonov-Bohm-effect? |
~« Atom/neutron mterferometry'?

* Possible testbed for hlgh preC|S|on grawta’uonal wave/fleld
detectors ~ ~

* Gersenshteln Zelolowch effect

— resonant grawtatlonal wave generation from electromagnetlc wave in
_strong magnetic flelcl

* ' technological use challenge of generators/detectors development
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i Numerlcal method (1/2) .
*Relaxatlon method vz ("H‘l) S {(n) ()} etc

rel

- — 3 PDEs for3 unknowns p,k B 4

— |nitial guess (n=0): non- re|at|V|st|c solution

—at each step n, solve a set of linear mhomogeneous elliptic PDEs
5 stop when rélative updates below tolerance threshold

* Fourler decomposmon with:cosines (regularlty conditions):

ka _ cos(]” )-;(u,v) € [0,U] x [~V +V]

/ fuv)cos( )dv'

* Boundary value problem for each Fourler mode at each step.n: ‘
d2 | dpk 12 /m o | |
| i - S




'Numerical method (2/2)
Conv.ergenc.e' ’o‘f' t!ie relaiation a]g?rlthm  “

- o

—e—Current loop
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Current Ioops and solenmds m GR

* Metric in Weyl gauge

* Field equatlons

* Sources

* Dimensionless equatlons and magneto grawtatlonal coupllng
* Boundary conditions

* Numerical method and convergence

* Example of Numerical Results .

% Gauge.invariant characterlzatlon null geodesms

* Apphcatlon s 4‘-.; FacH

— generation and detection of artificial grawtatlonal fields

- Alterniative tests of general relatlwty and electromagnetism.on curved
spacetlme | '



