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Astrophysics 70-ties

(3) General Relativity — V.Frolov

(4) Introduction to Astrophysics — L.Ozernoy
(4) Plasma, MHD — V.Tsytovich, S.Syrovatskii
(4) Radiation processes — V.Sazonov



Astrophysics

3) General Relativity — A&M Zelnikov
3) Introduction to Cosmology — V.Sirota
4) Introduction to Astrophysics — VB
4) Plasma, MHD - V.Tsytovich, VB
4) Radiation processes — V.Dogiel
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(5) Physical Cosmology — V.Lukash
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Two examples

* Einstein gravitational radiation energy losses
* M.P.Bronstein’s breakthrough

Gravitation and Astrophysics Quantum Mechanics and Astrophysics
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Einstein gravitational losses

Is it possible to
obtain Einstein
formula in such a
condition?
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Einstein gravitational losses
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Einstein gravitational losses
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Einstein gravitational losses

Energy flux log g 4

Wnd = 4mrle, c

Eg = =
B 8
A log(lc/Q) log‘f;
g(r) ~ ==
r
47715
4 GMa 1% (M
g C?) S C5a5




Einstein gravitational losses

Energy flux log g 4

Wnd = 4mrle, c




M.P.Bronstein’s breakthrough

M.P.Bronstein
(1906-1938)

V.Berestetsky A.Migdal
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Quantum resolution limit

1935

On scales smaller than Planck length,
space-time ceases to be continuous.

An attempt to measure with a probe of

mass M a small scale Ax, according to
the uncertainty relation, leads to probe
motion, and, according to GR, to the
curvature of space.

Matvei Bronstein and quantum gravity: 70th anniversary of the unsolved problem
Phys. Uspekhi, 48 1039—-1053 (2005)
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Quantum resolution limit

1935

CONCLUSION:

On a small scale, quantum mechanics
and general relativity are incompatible.
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Matvei Bronstein and quantum gravity: 70th anniversary of the unsolved problem
Phys. Uspekhi, 48 1039—-1053 (20095)
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Quantum resolution limit

GR — gravitational radius
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Quantum resolution limit

GR — motion results in additional forces

Maxwell equations Weak field limit of Einstein equations

div B = 4mpe, divg = —4nGpp,

1 OB _
rotE 4+ — — =0, rotg = 0,

¢ Ot .

divB = 0, divH = 0,

| OE  4r 4 Og 167

B—-—-—=—]. rotH— - — = —— GpVv.

FEl c Ot e c Ot € i

FZG(E—|—XXB> F:M(g+z><H>
@ c



Quantum resolution limit

GR — motion results in additional forces
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Quantum resolution limit

QM — the sourse of motion

GM Av Gh

e c(Ax)? - c(Ax)3

2




Two ‘bad’ interpretations

* Black hole as unipolar inductor
* Gravity as media with n < 0



Black hole as unipolar inductor

* Unipolar inductor works as Faraday disk,
but not due to Faraday law
* Black hole works due to Faraday law



Faraday's disk

electron flow

COPPER
DISK

Faraday’s disk dynamo - for producing
continuous (g;re) dc voltage. This was
the world’s first electrical generator.


http://www.astro.virginia.edu/class/oconnell/astr121/guide09.html
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Inverse problem

®* The simplest EM engine
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Black hole as Faraday disk

R.Blandford (1976) R.Lovelace (1976)


https://physics.stanford.edu/node/587
http://astro.cornell.edu/members/richard-v-e-lovelace.html

Black hole as Faraday disk
R.Blandford (1976) R.Lovelace (1976)
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K.Thorne

BH fields By = aF,
BH — OZBLP
E; = —B,
Ohm’s law 0 . ’
Jg = —Eq
47

R =4n/c =377 O

‘Ampere’ force
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K.Thorne
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‘Ampere’ force

Wtot = [EHJH — ﬁg (O'HEH + JH X Bn)} d.S.
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B.Punsly

* The horizon isn’t in casual
connection with the outer space™.

* The horizon isn’t a material
boundary of a black hole*.

* Black hole cannot be a battery (the
source of the exterior forces)”.

g

Black Hole
Gravito-

hydromagnetics

* Very serious objections



http://www.twirpx.com/file/1090601/
http://cognitivepsychlogy.blogspot.com/2012/07/devils-advocate-in-brain.html

McKinney J.C., Tchekhovskoy A., Blandford R.D.
MNRAS, 423, 3083 (2012)

Monopole + Cylinder



Force-free limit

Force-free limit of the critical condition on the fast

magnetosonic surface is “the boundary condition
on the horizon”

D(r,)=-1

horizon

fast magnetosonic surface supersonic flow

D=0
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Gravity as a media with n < 0



L.D.Landau & E.V.Lifshits, Field Theory

E H
D=—+HXg, B=—4gXxE. &
Va8 Vi °
div D =4np
1 © -
curl E= o at(\/yB) (5)
divB=0
- (6)
curl H= l_a(\/yD)—l—it—{rS
cVy ot ¢

The reader should note the analogy (purely formal, of course) of equations (5) and (6) to the
Maxwell equations for the electromagnetic field in material media. In particular, in a static gravita-

tional field the quantity V'y drops out of the terms containing time derivatives, and relation (4)
reduces to D = E/Vh, B=H]/ v h. We may say that with respect to its effect on the electromagnetic
field a static gravitational field plays the role of a medium with electric and magnetic permeabilities

e=pu=1/Vh




Two presentations

Thorne-Macdonald Landau-Lifshits
V- -E = A4mp,, V-D = 4dnp,,
VB = 0, v -B = 07
0B 0B
V X (Q{E) = L‘,@B = E, VxE = _8_]5’
V x (aB) = aa—]f—ﬁgE—Fllwozj. VxH = %—?—0—4# (@) — pel3) -

E = oD+ 3xB,
H = aB-38xD



Energy equation

9 (ED+BH 1
(%( - )JrV(E[ExH})—(EJ).

Does this energy equation have sense?
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Specific surfaces
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The answer

The motion relatively ZAMOs results in the generation of the
electric field.

E=—-VxB/

EMF results from the different

Lense-Thirring angular velocity
at different distances from the
black hole.

Laboratory frame




Gravity as a media with n < 0

Extra objections

* Main effect is hidden
* Has a sense for linear response only (nonlocal!)
* Media with n < 0 are open systems



Thanks a lot!
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