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Taken from the 22 November 1919 edition
of the lllustrated London News.

Coverage|in the (more excitable)
New Yorkilimes.

LIGHTS ALL ASKEW
"IN THE HRAVAXS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

No More in All the Worid Could
Comprehend It, Said Einsteln When
His Daring Publishers Accepted It.
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He was an early advocate of Einstein's Genera
Relativity, and an Interesting anecdote wel
llustrates his humour and personal intellectua

Arthur Stanley Eddington
(1882-1944)

investment: Ludwig Silberstein, a physicist who
thought of himself as an expert on relativity,
approached Eddington at the Royal Society's (6
November) 1919 meeting where he had
defended Einstein's Relativity with his Brazil-
Principe Solar Eclipse calculations with some
degree of scepticism and ruefully charged
Arthur as one who claimed to be one of three
men who actually understood the theory
(Silberstein, of course, was Including himself
and Einstein as the other two). When Eddington
refrained from replying, he insisted Arthur not
be "so shy", whereupon Eddington replied,

"Oh, no! | was wondering who the third one
might be!"


http://en.wikipedia.org/wiki/Ludwig_Silberstein
http://en.wikipedia.org/wiki/Royal_Society
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The fifst black holé eandidate discovered
in 1972, is part of an x-ray binary system,
orbiting its visible companion HDE 226868.
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S2 orbit around Sgr A*
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S2 orbit around Sgr A*

1 | | DA A l‘ T T T T ‘1 ™YY
- - - i ]
0.175) o/"‘ N h 0.175} q
- \O - ] ]
| 0.15F 3
L Q - -
- [ ,‘. s “
0.125} {é’ s 0.125} ]
[ 9 t i )
3 3 - =
e . @ 5 8 4 'S L 4
9 [ 86 : Q i ]
Q 0.075F e - o 0.075f 8
- (o) | - L -
L e ¢ % ! -
0.05 I 0.05F .
0025 4 o/f 1 0.025f ]
: T\_ R ‘ . |
b | \ 1 1
of % - ) ak ]
[ N 3 1
Pl iada sl s s g da g g adaaaa dl s s l ] U SR S S [ W S SN SN S SN U S S ST S S U S S " ]
0.05 0.025 0 -0.025 -0.05 -0.075 0.05 0.025 0 -0.025 -0.05 -0.075

R.A. (") R.A. (")

Astrometric data for the star S2. Blue: NTT/VLT measurements. Red: Keck measurements. The lines show the Keplerian orbit fits for the respective data set, which do not yield closed ellipses in

this figure due to the motion of the point mass with respect to the chosen coordinate systems. The small lines close to the origin indicate the position of the center of mass as a function of time.

Result of the comblned orbit fit for the star S2. Blue: NTT/VLT measurements. Red: Keck measurements. The black line shows the Keplerlan fit (row 1 in Table 2).
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European Southern Observatory

Gas Cloud Set To Collide With Supermassive Black Hole At Milky Way's Core

http://www.youtube.com/watch?v=HMJOIwf5hrs
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black-hole no-hair theorem

Gravitational and

Leptons electromagnetic waves

Angular Momentum

Figurative representation of a black hole in action. All details of the infalling matter
are washed out. The final configuration is believed to be uniquely determined by
mass, electric charge, and angular momentum. Figure 1
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FRRTER (singularity theorem)
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naked singularity vs cosmic censorship conjecture
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Whereas Stephen W. Hawking firmly believes that N W
naked singularities are an anathema and should JI\— # ~/ 7
be prohibited by the laws of classical physics,

And whereas John Preskill and Kip Thorne I'*% D %fﬁi }#_\ (3: #7.) "Ez_"\f EU ( C ck O C

regard naked singularities as quantum
gravitational objects that might exist unclothed i_lf,—ifﬂ: é nf LS J
by horizons, for all the Universe to see,

Therefore Hawking offers, and Preskill/Thorne
accept, a wager with odds of 100 pounds stirling \ N A
to 50 pounds stirling, that when any form of \ ) — N, D L X f\_ ) L

classical matter or fieid that is incapable of

becoming singular in flat spacetime Is coupled to =
general rejativily via the classical Einstein r 5 D ‘[ =F % ]

equations, the resuit can never be a naked
singularity.

The loser wilf reward the winner with clothing to i '
E e e saaars somcasvorsry E (SR EB S BMEBEC

2 523k
| e e

Stephen W. Hawking  John P. Preskill & Kip S. Thorne /T
Pasadena, California, 24 September 1981 -I 9 9 ] O 9 n
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Formation of Naked Singularities: The Violation of Cosmic Censorship

Stuart L. Shapiro and Saul A. Teukolsky

Center for Radiophysics and Space Research and Departments of Astronomy and Physics,
Cornell University, Ithaca, New York 14853
(Received 7 September 1990)

We use a new numerical code to evolve collisionless gas spheroids in full general relativity. In all cases
the spheroids collapse to singularities. When the spheroids are sufficiently compact, the singularities are
hidden inside black holes. However, when the spheroids are sufficiently large, there are no apparent hor-
izons. These results lend support to the hoop conjecture and appear to demonstrate that naked singulari-
ties can form in asymptotically flat spacetimes.

T r=Trrry
t/M=0 J’ ‘ FI1G. 1. Snapshots of the particle positions at initial and late
! times for prolate collapse. The positions (in units of M) are
! projected onto a meridional plane. Initially the semimajor axis
of the spheroid is 2M and the eccentricity is 0.9. The collapse
proceeds nonhomologously and terminates with the formation
of a spindle singularity on the axis. However, an apparent hor-
izon (dashed line) forms to cover the singularity. At ¢/ M =77
its area is A/16xM P =098, close to the asymptotic theoretical
limit of 1. Its polar and equatorial circumferences at that time
are Cpli/axM =1.03 and CAM/4xM =0.91. At later times
these circumferences become equal and approach the expected
theoretical value 1. The minimum exterior polar circumfer-
ence is shown by a dotted line when it does not coincide with
the matter surface. Likewise, the minimum equatorial cir-
cumference, which is a circle, is indicated by a solid dot. Here
CR"/4xM =0.59 and C2L/4xM =099, The formation of a
black hole is thus consistent with the hoop conjecture.

Apparent Horizon
appears

|
4
]

FIG. 4. Profile of 7 in a meridional plane for the collapse
shown in Fig. 2. For the case of 32 angular zones shown here,
the peak value of / is 24/M * and occurs on the axis just outside
| - - the matter.
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UM =00

UM = 3.3 (matter) M= 154
UM =33(AH)
* UM =55 (malter

——uUM=55(AH

v el

R/M

HG. 2 (color online). Snapshots of 5D axisymmetric evolution
with the initial matter distribution of b/M = 4 [(al) and (a2);
model SDSB in Table 1] and 10 [(b1) and (b2); model 5DSS].
We see the apparent honzon (AH) is formed at the coordinate
time /M = 3.3 for the former model and the area of AH
increases, while AH is not observed for the latter model up to
the time /M = 15.4, when our code stops due to the large
curvature, The big circle indicates the location of the maximum
Kretschmann invanant J,  at the final time at each evolution.
Number of particles are reduced to 1/10 for figures.

PHYSICAL REVIEW D 83, 064006 (2011)

Formation of naked singularities in five-dimensional space-time

Yuta Yamada'* and Hisa-aki Shinkai'~"'
' Faculty of Information Science and Technology, Osaka Institute of Technology,
1-79-1 Kitayama, Hirakata, Osaka 573-0196, Japan
2Computational Astrophysics Laboratory, Institute of Physical and Chemical Research (RIKEN),

Hirosawa, Wako, Saitama 351-0198, Japan
(Received 18 December 2010; published 4 March 2011)

We numerically investigate the gravitational collapse of collisionless particles in spheroidal configu-
rations both in four- and five-dimensional (5D) space-time. We repeat the simulation performed by
Shapiro and Teukolsky (1991) that announced an appearance of a naked singularity, and also find similar
results in the 5D version. That is, in a collapse of a highly prolate spindle, the Kretschmann invariant
blows up outside the matter and no apparent horizon forms. We also find that the collapses in 5D proceed
more rapidly than in 4D, and the critical prolateness for the appearance of an apparent horizon in 5D is
loosened, compared to 4D cases. We also show how collapses differ with spatial symmetries comparing
5D evolutions in single-axisymmetry, SO(3), and those in double-axisymmetry, U(1) X U(1).

DOI: 10.1103/PhysRevD.83.064006 PACS numbers: 04.20.Dw, 04.20.Ex, 04.25.dc, 04.50.Gh

FIG. 3 (color online). Kretschmann invariant J for model
5DSé at t/M = 15.4. The maximum is O(1000), and its location
1S on z-axis, just outside of the matter.
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Whereas Stephen W. Hawking (having lost a previous bet
on this subject by not demanding genericity) still firmly be-
lieves that naked singularities are an anathema and should
be prohibited by the laws of classical physics,

And whereas John Preskill and Kip Thorne (having won the
previous bet) still regard naked singularities as quantum
gravitational objects that might exist, unciothed by hori-
zons, for all the Universe to see,

Therefore Hawking offers, and Preskill/ Thorne accept, a
wager that
When any form of classical matter or field that is inca-
pable of becoming singular in flat spacetime is coupled
to general relativity via the classical Einstein equations,
then
A dynamical evolution from generic initial conditions (i.e.,
from an open set of initial data) can never produce a naked
singularity (a past-incomplete null geodesic from 1., ).

The loser will reward the winner with clothing to cover the
winner's nakedness. The clothing is to be embroidered with
a suitable, truly concessionary message.

John P. Preskill & Kip S. Thorne
Pasadena, California, 5 February 1997

. Hawking
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our universe

wormhole

ofber
universe

(b) . region near earth
our universe .

region near
the star

| Vega
rsin
rcose ¢

Fig. 1. (a) Embedding diagram for a wormhole that connects two differ-
ent universes. (b) Embedding diagram for a wormhole that connects two
distant regions of our own universe. Each diagram depicts the geometry of
an equatorial (8 = 7/2) slice through space at a specific moment of time
(t = const). These embedding diagrams are derived quickly initem (b) of
Box 2, and—in a more leisurely fashion—in Sec. III C, where they are alsoa.
discussed. This figure is adapted from Ref. 1, Fig. 31.5.
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VOLUME 61, NUMBER 13 PHYSICAL REVIEW LETTERS 26 SEPTEMBER 1988

Wormbholes, Time Machines, and the Weak Energy Condition

Michael S. Morris, Kip S. Thorne, and Ulvi Yurtsever

Theoretical Astrophysics, California Institute of Technology, Pasadena, California 91125
(Received 21 June 1988)

It is argued that, if the laws of physics permit an advanced civilization to create and maintain a
wormhole in space for interstellar travel, then that wormhole can be converted into a time machine with
which causality might be violatable. Whether wormholes can be created and maintained entails deep,
ill-understood issues about cosmic censorship, quantum gravity, and quantum field theory, including the
question of whether field theory enforces an averaged version of the weak energy condition.

Morris, Thorne, Yurtserver, PRL 61 (1988) 3182
BADEOELRAL ETICHHRT B2 ENTENIE,
&1TE OB (HENS DT,
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PHYSICAL REVIEW D 66, 044005 (2002)

Fate of the first traversible wormhole: Black-hole collapse or inflationary expansion

Hisa-aki Shinkai*
Computational Science Division, Institute of Physical & Chemical Research (RIKEN), Hirosawa 2-1, Wako, Saitama, 351-0198, Japan

Sean A. Hayward'
Department of Science Education, Ewha Womans University, Seoul 120-750, Korea
(Received 10 May 2002; published 16 August 2002)

We study numerically the stability of the first Morris-Thomne traversible wormhole, shown previously by
Ellis to be a solution for a massless ghost Klein-Gordon field. Our code uses a dual-null formulation for
spherically symmetric space-time integration, and the numerical range covers both universes connected by the
wormhole. We observe that the wormhole is unstable against Gaussian pulses in either exotic or normal
massless Klein-Gordon fields. The wormhole throat suffers a bifurcation of horizons and either explodes to
form an inflationary universe or collapses to a black hole if the total input energy, is, respectively, negative or
positive. As the perturbations become small in total energy, there is evidence for critical solutions with a certain
black-hole mass or Hubble constant. The collapse time is related to the initial energy with an apparently
universal critical exponent. For normal matter, such as a traveller traversing the wormhole, collapse to a black
hole always results. However, carefully balanced additional ghost radiation can maintain the wormhole for a
limited time. The black-hole formation from a traversible wormhole confirms the recently proposed duality
between them. The inflationary case provides a mechanism for inflating, to macroscopic size, a Planck-sized
wormhole formed in space-time foam.
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Bifurcation of the horizons — go to a Black Hole or Inflationary expansion

Black Hole
or

Inflationary

expansion

- amplitude = +0.10
amplitude = +0.01
no perturbation
amplitude = -0.01

— ---- amplitude = -0.10

Areal Radius at the "throat"

X minus

proper time on the "throat"

Figure 4: Partial Penrose diagram of the evolved space-time.
Figure 6: Areal radius r of the “throat” x* = z~, plotted as a function of proper time. Additional negative energy causes
inflationary expansion, while reduced negative energy causes collapse to a black hole and central singularity.
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Travel through a Wormhole
-- with Maintenance Operations!

<

Figure 11: A trial of wormhole maintenance. After a normal scalar pulse, we signalled a ghost scalar pulse to extend the life
of wormhole throat. The travellers pulse are commonly expressed with a normal scalar field pulse, (é,, &, ¢.) = (+0.1,6.0,2.0).
Horizon locations ¥, = 0 are plotted for three cases:

(A) no maintenance case (results in a black hole),

(B) with maintenance pulse of (c,, ¢, c.) = (0.02390, 6.0, 3.0) (results in an inflationary expansion),

(C) with maintenance pulse of (c,, ¢, c.) = (0.02385,6.0,3.0) (keep stationary structure upto the end of this range).
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Quantum foot in the door

ALL around us are tiny doors that lead
to the rest of the Universe. Predicted

by Einstein’s equations, these quantum
wormholes offer a faster-than-light short
cut to the rest of the cosmos—at least
in principle. Now physicists believe they
could open these doors wide enough to
allow someone to travel through.

Quantum wormholes are thought to
be much smaller than even protons and
electrons, and until now no one has
modelled what happens when something
passes through one. So Sean Hayward
at Ewha Womans University in Korea and
Hisa-aki Shinkai at the Riken Institute of
Physical and Chemical Research in Japan
decided to do the sums.

They have found that any matter
travelling through adds positive energy
to the wormhole. That unexpectedly
collapses it into a black hole, a
supermassive region with a gravitational
pull so strong not even light can escape.

But there’s a way to stop any would-be
traveller being crushed into oblivion.
And it lies with a strange energy field
nicknamed “ghost radiation”. Predicted
by quantum theory, ghost radiation is
a negative energy field that dampens
normal positive energy. Similar effects
have been shown experimentally to exist.

Ghost radiation could therefore be
used to offset the positive energy of
the travelling matter, the researchers
have found. Add just the right amount
and it should be possible to prevent the
wormhole collapsing—a lot more and
the wormhole could be widened just
enough for someone to pass through.

It would be a delicate operation,
however. Add too much negative energy,
the scientists discovered, and the
wormhole will briefly explode into a new
universe that expands at the speed of
light, much as astrophysicists say ours
did immediately after the big bang.

NewScientist

For now, such space travel remains
in the realm of thought experiments.
The CERN Large Hadron Collider in
Switzerland is expected to generate one
mini-black hole per second, a potential
source of wormholes through which
physicists could try to send quantum-
sized particles. But sending a person
would be another thing. To keep the
wormhole open wide enough would take
a negative field equivalent to the energy
that would be liberated by converting the
mass of Jupiter. Charles Choi
More at: www.arxiv.org/abs/gr-qc/0205041
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PHYSICAL REVIEW D 88, 064027 (2013)
Wormbholes in higher dimensional space-time: Exact solutions and their linear stability analysis

Takashi Torii'"* and Hisa-aki Shinkai*""
lDepartment of General Education, Osaka Institute of Technology, Asahi-ku, Osaka 535-8585, Japan
2Department of Information Systems, Osaka Institute of Technology, Kitayama, Hirakata, Osaka 573-0196, Japan

3Computational Astrophysics Laboratory, Institute of Physical and Chemical Research (RIKEN),

Hirosawa, Wako, Saitama 351-0198, Japan
(Received 6 August 2013; published 13 September 2013)

We derive the simplest traversable wormhole solutions in n-dimensional general relativity, assuming
static and spherically symmetric space-time with a ghost scalar field. This is the generalization of the
Ellis solution (or the so-called Morris-Thorne’s traversable wormhole) into a higher dimension. We also
study their stability using linear perturbation analysis. We obtain the master equation for the perturbed
gauge-invariant variable and search their eigenvalues. Our analysis shows that all higher dimensional
wormholes have an unstable mode against the perturbations with which the throat radius is changed.
The instability is consistent with the earlier numerical analysis in the four-dimensional solution.

DOI: 10.1103/PhysRevD.88.064027 PACS numbers: 04.20.—q, 04.40.—b, 04.50.—h
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Brane-World model

Brane (4-dim, t,x,y,z) Another Brane?

Bulk ,//’//////

(with cosmological constant?)

5th dimension 5th dimension

all matter and forces are trapped
in 4-dimensional space-time

////////

but only gravitational force propagates
higher dimensional space-time
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Russell A. Hulse Joseph H. Taylor Jr.

directions of gravity waves
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zero orbilal decay

General Relativity prediction
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What can we learn from gravitational waveform?
(Suppose NS+NS ->BH )

l[ b ll T 1]
INSPIRAL = ALESE”—» BLACKHOLE
) I FORMATION
’;’:{\W ‘ MW | I
b v Hﬂ* | g
g 7N APA ~ mins (~ 1000 rot. ) 1 19.m seg HE

hx ~N hx
IU VAAVAY, v TV s " .50 0 50

e=0 e=0.3

.. Post Newtonian Numerical BH. Perturbation

T T L] o

los il i Approx. Relativity
DEPENDENCE ON &, FOR @=0: ISCO freq => EoS of NS,

B waveform => Formation of BH or NS,

. BH mass

"chirps" df/dt => chirp mass, Mc = (M1 M2)35/ (Mi+M2)V/5 BH angu{ar' momentum
amplitude up  => M, distance e
amplitude h+/hx => inclination
waveform => eccentricity

moduration => spin, ... statistics => cosmological parameters
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http://gwcenter.icrr.u-tokyo.ac.jp

KAGRA (KE{EREEEI=RIR)

Kamioka Gravitational wave detector, (Large-scale Cryogenic Gravitational wave Telescope)
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