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

Coverage in the (more excitable) New York Times.

LIGHTS ALL ASKEW
IN THE HRAVRNS

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.

X Aclual Position Apperent Posilion
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Dislonce from the Earth

To the Stello Background

is more than
93,000.000.000,000 miles.

This Diggrem shows the
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of the Stors in relotion o
the disfance from the Sun
The omount of Displacement
is exaggeroted aboul 600 Times
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Gravitational and

electromagnetic waves
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$

Mass
Charge
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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Fig. 1. (a) Embedding diagram for a wormbhole 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 (6 = 7/2) slice through space at a specific moment of time
(¢ = const). These embedding diagrams are derived quickly in item (b) of
Box 2, and—in a more leisurely fashion—in Sec. 111 C, where they are alsoa.
discussed. This figure is adapted from Ref. 1, Fig. 31.5.
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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-Thome 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
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Figure 4: Partial Penrose diagram of the evolved space-time.
Figure 6: Areal radius r of the “throat” x* = x~, 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.

FFExEERAMIEREFH 2009/7/23 @ 5LH



Travel through a Wormhole — with Maintenace Operations!

case C

X minus

case A (no maintenance)

normal scalar p!
(travellers)

ghost scalar pulse
for maintenance

X plus

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, (¢q, ¢, ¢.) = (+0.1,6.0,2.0).
Horizon locations v/, = 0 are plotted for three cases:

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

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

(C) with maintenance pulse of (¢,, ¢, ¢.) = (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.

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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