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Einstein and Levi Civita




Einstein (1916)

... an incredible conceptual revolution with very
few experimental evidences in 1916!




On the continued gravitational contraction

Einstein Clusters,
Ann. Mat. 40, (1939) 922:

“On a stationary system with
spherical symmetry consisting of
many gravitating masses”

= | Oppenheimer & Volkoff,
| Phys. Rev. 55 (1939) 374:

- Free degenerate neutrons
- Einstein equations for equilibrium\
-M,;; = 0.7M 4

crit

! Oppenheimer & Snyder,
Phys. Rev. 56 (1939) 455:

On the *“gravitational collapse” of a
sufficiently heavy star at the end
point of the thermonuclear source
of energy described within Einstein
theory of general relativity




Einstein Relativistic Clusters

AnnarLs or MATHEMATICE

Vol. 40, No. 4, October, 1039

ON A STATIONARY SYSTEM WITH SPHERICAL SYMMETRY
CONSISTING OF MANY GRAVITATING MASSES

By ALBERT EINSTEIN
(Received May 10, 1939)

“If one considers Schwarzschild's solution, [....] there arises the question whether such regions
with vanishing g,, do not exist in cases which have physical reality.

In fact this can be done by choosing, as the field producing mass, a great number of small
gravitating particles which move freely under the influence of the field produced by all of them
together. [ ... ]

We can further simplify our considerations by the special assumption that all particles move
along circular paths around the center of symmetry of the cluster. [...].

The result of the following consideration will be that it is impossible to make g,, zero anywhere,
and that the total gravitating mass which may be produced by distributing particles within a
given radius, always remain below a certain bound”.
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Dedicated: to Remo Ruffini, companion in the search for the deeper meaning of Einstein great theory,
with warm regards, John Wheeler, 5 April 1968
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Equations of motion in Kerr-Newman geometry
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... Although the symmetries provide only
three constants of the motion, a fourth one
turn out to be obtainable from the
unexpected separability of the Hamilton-
Jacobi equations... The equations of
charged particle orbits can be integrated
completely in terms of explicit quadrature.

Brandon Carter, Phys.Rev., 174, 1559 (1968)




Magnetized
Plasma
around

collapsed
stars

Victor F. Shvartsman,
Astron. Zhurnal, 48, 479 (1971)




The effective potential
of a Kerr-Newmann geometry
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Introducing the Black Hole

Introducing the black hole

According to present cosmology, certain stars
end their careers in a total gravitational collapse that
transcends the ordinary laws of physics.

Remo Ruffini and John A. Wheeler

The quasistellar cbject, the pulsar, the

neutron_star ha

to be the black
cult to think of any development that
could be of greater significance. A
black hole, whether of “ordinary
(approximately one solar mass, 1 M),
o mach larger (around 108 M to 10
Mg, as proposed in the nuclei of some
axies) provides “laboratary
model” for the gra
pred:rfed by Einstein's theory, of the
universe itself.

A black hole s what is left behind
after an objeet has undergone complete
gravitational collapse. Spacetime is 50
strongly curved that no r.h: can come
out, no matter can be ejected and no
measuring rod can ever survive being
put in. Any kind of object that fn'l'ls
into the black hole loses its separate
identity, preserving only its mass,
charge, angular momentumn and linear
momentum (see figure 1). No one has
yet found a way to wish between
two black holes constructed out of the

st different kinds of matter if they
have the same mass, charge and angular
momentum.  Measurement  of  these
three determinants is permitted by their
effect on the Kepler orbits of test ob-
jeets, charged and uncharged, in revolu-
tion abaut the black hole.

How the physios of a black hole looks
depends more t of chaice
by the observer, himsclf than an any-
thing else.  Suppaos decides to fol-
low the collapsing matter th i
o down into the black
Then he will see it crush

Remu Rutfinl and John Wheeler are both

at Princeton  University; Wheeler, cu
® from Princeton, b
at Cal Tech and Moscow

nitely high de and he himself will
be tom apart ew
increasing tidal forces.
force whatsoever has the po to hold
him away from this catastrophe, on
he crossed a certain eritieal surfa
known as the “horizo

Y
No restraining

, but it is mcﬂlabie
nterchanged |

an unusual way; the

g proper time for

rection of decreas-

server has no more power to retum to
a larger ¢ value he has power to
tumn back the hands on the clock of i
itself. He can not eve
is, and for a simple reason:
the power to stop the advance of time.

Suppose the observer decides instead
to observe the collapse from far away.
‘Then, as price for his own safety, he is
deprived of any chance to see more
than the first steps on the way to col-
lapse.  All signals and all information
from the later phases of collapse never
escape; they are eaught up in the col-
lapse of the geometry

That a sufficient mass of cold matter
will necessarily collapse to a black hole
(J. R. Oppenheimer and H. Snyder,!)
is one of the most spectacular of all the
predictis nstein’s standard 1915
gencral
around
symme!
wut by
father of the American astroph:
Martin Schwarzschild, as early as 1916,
In 1963 Re found the geometry
associated c

James Bardeen has recently em-
ed that all stars have angular

momentum and that most stars—or star

&
||p0n collapse will be rotating at the
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mum rate, or near the yum
allowed for a black hole (“surface
velocity”™ equal to speed of light).
Roger Penrose? has sharw i

i
immediate neighborhood of a blac
hole (the “ergosphere”) can extract
ergy fi hale.  Demetric
Christodoulout has shown that the total
ergy of a black hole can be
ta three parts,

E' = m, + Lifam 0 + p¥

momentum
p) can be added and subtracted at
wil
The three most promising ways now
*envisaged to detect hlack holes are:
¥ pulses and trains of gravitational ra-
diation given out at the time of forma-
s ToDaY, August 1969,
and August 1970, page 41.
for accounts of Joseph W
ing attempts to do
radiation),
and ebec
tending  into
g:mma ray regions em
fa hale after §
formed (¢ the concept of Ya. B.
Zel'dovich and 1. D. Navikev.
radiation ix not emitted by th
ual particles as they fa

fation
and

a 5 it is compressed and
heated to 10 or 100" K he “funnel
effect™ on ils way s the hlack
hale),
¥ jets and other activity produced
the ergasphere of rotating black holes.

Equilibrium configurations
The mass of a superdense star
{reached in collapse that does not go to
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The Black Hole structure

The only three parameters:
Mass M, Charge Q and
Angular momentum L

co-redshift surfaces

Ergosphere

Disk
singularity

, horizon

r=r_, horizon




Particles around a Kerr Black Hole

i = p {(E(? +°) — ] — A(ur? + K)}/2

0 =p 2K —(® — aE)? — cos? 0[a®(u? — E?) + &%sin~2 6]}/?

t=—ap™?(aEsin’ 6 — &)+ p7(r’ + a*)AT'P

b= —p~2(aE — ®sin~26) + ap AP

E=.98,%=2,Q=10,a=e=1/v2




Pierelli TEST & Takahashi photos




_andau - Lifschitz:
The classical
theory of fields

E/pu = 1~3
p,/mp = 2/N3

stationary Kerr metric:q

P

E/u = 5/(3V3)

bl
-,

1. Carry out the separation of variables in the Hamilton—Jacobi equation for a particle moving in the Kerr p (1) / m “ — -22 / (3 \/3)

field (B. Carter, 1968).
2. Determine the radius of the circle, closest to the centre, that is a stable orbit for a parti:_:[_c moving in
the equatorial plane of the limiting (@ — r,/2) Kerr ficld (R. Ruffini and J. A. Wheeler, 1969).

2 2
- [rﬁ +at+ rg;: sin? 9] sin? 8d¢? + ;m sin® @d¢ dr, (104.2)




The Uhuru satellite

The discovery of the binary X-ray sources
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The 1dentification of the
first black hole Iin our
galaxy: Cygnus X-1

e ® =10%erg/s = 10% Lg
= 0.01(dm/dt),.c?

» Absence of pulsation due to
unigueness of Kerr-Newmann
black holes

*M>32M g

Leach & Ruffini, ApJ 180 (1973) L15
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Cressy - Morrison Award (NY, 1973)




Glacconlt,
Sweden
(2002)




Physics and Astrophysics of
NEUTRON STARS
wp BLACK HOLES
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Extraterrestrial
Civilizations
working on
Kerr metric

Roger Penrose,
Riv.N.Cim., 1, 252 (1969)

Stq tionary timnit




Ergosphere of an extreme Kerr Hole

ERGOSPHERE OF
AN EXTREME KERR HOLE
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E-»u=3476

PARTICLE COMING IN FROM INFINITY
Ho=3476 py=120 E5.03I
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I
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PARTICLE FALLING TOWARD 2 PARTICLE GOING BACK TO INFINITY
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FIG. 2. (Reproduced from Ruffini and Wheeler, Ref. 4, with their kind permission.) Decay of a particle of rest-
plus-kinetic energy E; into a particle which is captured into the black hole with positive energy as judged locally,
but negative energy E; as judged from infinity, together with a particle of rest-plus-kinetic energy E,>E; which
escapes to infinity. The cross-hatched curves give the effective potential (gravitational plus centrifugal) defined
by the solution E of Eq. (2) for constant values of p, and p.

Demetrios Christodoulou, Phys.Rev.Lett., 25, 1596 (1970)
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The Ergosph

Ruffini, Wheeler, Phys.Today, January 1971

Ergosphere of a rotating black hole. The region between the surface of infinite
redshift (outer) and the event horizon (inner), here shown in a cutaway view, is
called the "ergosphere.”” When a particle disintegrates in this region and one of
the-fragments falls into the black hole, the other fragment can escape to infinity

. with more rest plus kinetic energy than the original particle. Figure 5




The “Blackholic energy:

E? = (M;c* + Q?/2p)* + (Lc/p)? + p?

Christodoulou, Ruffini, 1971




The blackholic energy and the Quantum

_~137 At ~ 0 ~10*s
m.c?

€

Heisenberg, Euler, 1935, Schwinger, 1951 ‘ i‘i :

2
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Damour & Ruffini 1974

In a Kerr-Newmann black hole vacuum polarization process occurs if
3'2MSUI’1 S MBH S 7.2106Msun
Maximum energy extractable 1.8:10% (Mg,/Mg,,,) ergs

“...naturally leads to a most simple model for the explanation of the
recently discovered y-rays bursts”




Yacob Borisovich Zel’dovich (before)




Yacob Borisovich Zel’dovich (after)




Count Rate (counts/sec)

The Vela
Satellites

VELA GAMMA RAY
soo 4L, [0 EVENT 70-2
U \TL ‘ 1970 AUGUST 22,
600 1 P ‘ 60570 SEC UT
400 A . 1
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Fig. 5. Event 70-2, on 1970 August 22, beginning 60571 s UT.
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External layers
of the star

Collapsing core




Electromagnetic field created by the
charge segregation at the moment of
the collapse.




Black hole
formation




Black hole
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Dyadosphere
- (electron-positron plasma)
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External layers of the

\

star

Pair-electromagnetic (PEM)
pulse expansion




s Pair-electromagnetic-

External layers hit by  baryonic (PEMB) pulse
the PEM pulse -

Proper-GRB (P-GRB) emission




‘Accelerated baryonic
matter (ABM) pulse

Interstellar /

medium Afterglow
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A model by us accepted by ApJ Lett. (in press)
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A model by us accepted by ApJ Lett. (in press)

convolution
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Dark matter
and
Neutrinos
In the
Universe

Victor F. Shvartsman,
ZhETF Pis. Red., 9, 315 (1969)




Evidence for Dark Matter
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Flat Galaxy rotation curves

NGC 3188
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Neutrinos and Rotation Curves

VorLuMe 42, NUMBERG PHYSICAL REVIEW LETTERS

5 FEpRUARY 1979

Bahcall, Begeman,
Sancisi,
ApJ 295 (1985) 305

Dynamical Role of Light Neutral Leptons in Cosmology

Scott Tremaine and James E, Gunn

Using the Vlasov equation, we show that massive galactic halés cannot be eomposed of
stable neutral leptons of mass =1 MeV. Since most of the mass in clusters of galaxies
probably conslsts of atripped halos, we conclude that the “missiog mass” in clusters
does pot consist of leptons of mass £1 MeV (e.g., muon or electron neutrinos). Lee
and Weinberg's hypothetical heavy leptons (mass =1 GeV} are not ruled out by this ar-
gument.

@ 1979 The American Physical Society 407
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M. V. Arbolino, R. Ruffini,
Astron. Astrophys., 192 (1988) 107
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—>===___ From Einstein Clusters to Relativistic Clusters
‘% |8 via Zel’dovich Podurets

300 & y 7 Are Sect
88000 LIGHTVEARS. 400 UGHTYEARS

Ya.B. Zel’dovich,
M.A. Podurets,
Sov. Astron AJ 9 (1966) 742

M. Merafina, R. Ruffini,
ApJ, 454 (1995) L89

V. Cocco, R. Ruffini,
N. Cim. B 112 (1997) 271
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de Bernardis, et al. Nature, 404 (2000) 955

R. Ruffini




On Dark Energy

Early
. NoHydrogen /Hydrogen Reproduced from
Spectra: M. Della Valle,
with his kind

. ; permission
There is a novelty in the SNIT SN 11
Si/ No Si

Universe or an \
additional problem with

|.':'~;N I;~.| He poor/He rich

the understanding of e l
Supernovae? 19898 o .
SNIc| [SNIb SNIp “Normal” SNII
Loy loaal. loaat.  Light Curve decay

after maximum:

N Linear / Platean

Core collapse.
Most (NOT ally
H is removed during
evolution by

L!hiv:lal stripping. J

-,

Believed to originate 3
trom deflagration ov
detonation of an
accrefing white dwarf. J

SN IIL | | SN IIP

Core Collapse. 1980K 1987 A
Outer Lavers sinpped 170 [OR8 A
by winds (Wolf-Rayer Srars) 19691

or binary interactions

Ib: H mantle removed
heorv - H & ;
Perlmutter, et al. lc: H & He removed y,

ApJ 517 (1999) 565

a massive progenito
with plenty of H .

o

Core Collapse of ]
c




On an alternative cosmological candle. Gravitational collapse
of the charged core of an initially neutral star (< 1 sec.)

If E>E_, then...

Hydrodynamical
expansion

Thermal
equilibrium

Plasma
oscillations

Ruffini, Vitagliano, Phys. Lett. B, 545, 233, (2002).
Ruffini, Vitagliano, Xue, Phys. Lett. B, 559, 12 (2003).

Pair creation




T ! The existence of a separatrix is
! a general relativistic effect:

the radius of the gravitational

trap Is

R*Czll‘l‘

collapse curve

- plasma expansion curves
trapped-plasma curves

15 . " .
0.0255 0.026 0.0265 0.027

t(s)

The fraction of energy available in the
expanding plasma is about 1/2,

0005 0.0 0015 002 0.025 _E;.-DS
t(s) Ruffini, Vitagliano, Xue, Phys. Lett. B, 573, 33, (2003).




The Proper-GRB
(P-GRB)

Temporal, spectral
structure, luminosity of a
short-GRB
emitted by plasma created
In the Dyadosphere of an

EMBH with
M = 20 Mg,
Q=0.1M

KTy (MeV)

Ruffini, Fraschetti, Vitagliano, Xue,
Int.J.Mod.Phys.D 14 (2005) 131




The
Italy - UK - USA
Swift mission
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