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BLACK HOLES

HE more that is discovered aboui
stars and galaxies, the more violent
and terrible the universe seems. But
of ail the cosmic dramas, none is asg
final and complete as the gravitational
collapse of a star, Tt iz now beligved
that such an event represenis not just
the end of a star, but the cnd of matter
itself, The collapse obliterates a
gtar from the observable universe,
leaving in its place one of the greatest
mysteries of space - 2 blaek hole.

A black hole is a region of space
from which the escape velocity is greater
than the speed of light. In this age
of space [light, the idea of escape
velocity is familiar, Every planet has
its own The strength of the sarth’s
gravity, for example, means that aany
cbject thrown upward from the surface
with a velocity of less than 25000 mph.
must eventually be pulled back to
earth. But once the escape velocity is
reached, the object breaks free of
earth’s pull and travels on into space,
The moon’s gravity is much weaker
than the earth’s so the escape velocity
is much lower - only about 5400 mph.

To work out the velocity needed
to escape from a planet or a star
both mass and density must be
calculated. Mass 13 what produces
the gravitational field, s the more
there is, the stronger the field is likely
to be. Density is important because,
the more dense an object is the
closer its surface is to its center from

where gravity always seems o operale;
The earth weighs about 6000 million
tons and has an average diameter of
8000 miles. If it shrank fo half this
size, the same mass wonld be crammed
ioto a much smailer volume, On its
suface a person would be ouly about
2000 miles from its center and gravity
would be four times stronger than
normal. If the earth continued
shrinking, its gravity would eventually
become go strong  that the velocity
needed to escape its surface would
gxceed the speed of light. Caloulations
show that if the earth's diameter f8ll
below one inch, not even light could
escape its surface gravily.

In 1216 mathematician Karl
Suhwarzschild applied Einstein’s General
Theory of Relativity to the congept of
escape velocity, One of the most
important things the theory tells us
i$ that gravity is not a force acting
between objects but a property of
space itself, [Einstein said that the
universe exists in a four - dimensional
amalgam of space and time. Wherever
a4 masg exists, in ths form of a star
or a planet, the space - time around
it is distorted. In the simplest case
it is carved, The effect of this localized
curvature is exactly the same as if
the mass causing it was exerting a
gravitational pull on objects nearby.
Inother words, gravity is actually g
curvaiure in space itseif.

Schwarzschild showed that an
escape velocily greater than the speed



of lght is equivalens to & region of
space curved §0 much ihat 1 closes
in on itself. According to theory of
relativity, nothing can travel faster than
light so nothing would ever escape
from such a region. It would
effectively be cut off from the universe =
Schwarzschild worked out that there
should be for any mass some critical
density which will produce this closed
region of space. If a mass is squeezed
within 3 certain radivs - now oalled
the Schwarzschild radius affer its dis
goverer - its escape velocity will exceed
the speed of light. Any object which
gmifs no - radiation iz said to be
perfectly black. An object compressed
Yo less than its Schwarzschild radius

would therefore be have just like
s blackbole in spacs.
Few paid much attention to

Schwarzschild’s work at the time, No =
one = not even Schwarzschild bimscif -
believed that blackboles could actually
form. Dut in the 1960 s astronomers
made discoveries about the life cycles
of stars suggesting that blackholes
might exist after all. Among the debris
of enormous Supernova cxplosions;
superdense remante were discovered,
These nsutron stars were solid balls
of neutrons formed by the gravitational
collapse of a once normal star, caught
in the grip of its own gravitational
field, The material of which the star
is made is pulled closer and closer to
its center. Eventually the nuclei of
the star’s atoms are them selves crushed
together and from a neutron star neo
bigger than a few miles across,

On average such a star is 1000
billion times more dense than water,
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A mateh box fall of itz substance
would weigh I, 000, 000 toms or more.
More remarkable still scientists found
that gravitational collapse could lead
to still greater deansities. If the mass
of the original star was larges enough,
the neutron star could itself collapse.
compressing the neutrons into a single

fragment of puclear material When
this happened conditions were right
for a black hele to form.

Interest in Schwarzschilds work

suddenly revived faced with the likely
existence of black holes, scientists
wanted to know as much as possible
about them. This seemed a hopeless
enguiry at first. How could anything
be learned about an object which
never emitted even the smallest piste
of information about itself? The
Schwarzschild radius is a ons way
barrier. MNothing inside i1« ndl even
a ray of sight . can get out. Matter
or enefgy passing into it i3 trapped
forever, The boundary around a black
hole is often referred to as an ‘event
horizon® because, it 15 impossible fo
discover anything about event iaking
place beyond it.

Black holes seem  therefore to
bs uatteriv bsiond ouwr reach.  In
physical terms they probably are, but
despite this it is possible fo explore
them by using mathematics rather
than the wusual tools of astronomy
such as telescopes. Ay plying Einstein’s
theory of relativity, it iz possible to
deduce not oanly what a black hele
is like seen from a aafe distance we
can reconstruct a descent into it
ingexior as well,



Suppose that a blackhole has
been located i that g team  of
gesearch ecienifsis has been despaiched

by space craft to investigate it. What
would they find ? The only visual
impression they could hope for is an
area of darkness silhouetted against a
back ground of swars. But if they
came c¢lose enough to the black hole
to seg this they would already have
been captured by its powerful
gravitational pull, and would be spiraling
into it with no hope of excape.
Aware of the dangers the team would
keep their space ship at a safe
distance, locating the hole by using
instruments to plot is gravitational
field. Having assumed a safs  orbit
around the Black hole, ong of the
scientists volunteers fur a suicide mission.
He agrees to leave the space ship
and atlow himself 1o be drawn  into
the black hole. As part of the
experiment he plans to keep flashing
 light signal to his colleagues at reqular
intervals,

o

As he drifts away form the space
craft he will soon feet the gravitational
pull of the blackhole, and begin a
spiraling plunge toward it, accelerating
all the time. At first his colleauges
safe aboard their space eraft would
simply ste the man falling away from
them, his light pulsing regularly. But
as he approaches the black hole's
event liorizon, bizarre relativistis effects
begin 1o show themselves. Because
space and time close to the horizon
are vastly distorted, the rate at which
- time passes for the falling scientist
accelerates, As for as he is goncerned
his light tlash continues to signal at
the same fixed intervals, But hig

colleagnes will nofice the intervals
between one flash and the next be-
comming successively longer - Eventually
the interval will become longer than

the life times of the observers, and
even those of their descendants.

The appearance of the brave
scientist will be even stronger. The

observers will suddenly his fall slowing
us as he approaches the event horizon.
ultimately, he will appear to have
ceased falling altogether and will
hang frozen in space just above the
event horizon. As for as the doomed
man is concerned. time will seem to
b> passing normally and he will pass
through the boundary of the black
hole in a fraction of a second. But
even a second im his iime may now
bz equivalent to  the passing of
mittions of years in the universe ha
has left behind.

What will he find beyond the
avent horizon? Hven if he survives io
observe his surroundings he will never
be able to communicate his findings
to the univers outside. He will probably
be killed even before he reaches the
event horizon. As he approaches the,
pull of gravity soars. If he is falling
headfirst, the pull on his head will be
much greater than on his fest, evean
though they are only slichtly further
awdy from the center of the gravita«
tional fisld. This will result in a
druesome death, The man will be
stretched into a long, thin thread in
the instants before reaching his objective.
Scientists call this powerful gravitas
tional turbulence around the event
hornzon, “tidal forces” after the far
genlier but essentially identical forces
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tbat control the tides of the seas on
earth,

It he some how survived these
devastating tidal forces, the scientist
would probably find himself in an
environment t0o strange to comprshand,
It is not known for certain what he
would find but many of our most
would

e e
Some sCientiste have

¢f space and iime

gzt apply.
sugpested. that inside ihe event horizon
ume might aclually be punning
bacwkard or may evea cesse to have
any meaning at a'l, perhaps no human
concepts exist to describe the reality
of & black hole and we must simply
accept that to enkir one is to step
into  anothet kind of universe, one
completely alien fo mankind.

Recently it was discovered that if
a black hole is sufficiently massive it

may be possible to survive a journey.

through its event horizon, Any one
inside would still be completely cut
off from the rest of the unmiverse, but
ai feast the tidal forces sarcund iis
bovndary would not be so great as
to kill. Scientists have calculated that
the tidal forces around a black hole
more than a thousand times as large
as the sun might bruise and batter
a space man as be approached it, but
it would not kill him, However, once
inside the event horizon he would
continue plunging toward the center
of the black hole and gravitational
forces would quickly build up to a
lethal strength. A black hole containing
a mass equal to a million suns would
be a great deal safer, The space man
would hardly gotice the gravitational
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forces as he crossed the event horizon,
and could get one thousand times
closer to its center hefore the force
killed him,

Supermassive  black holes may
have event horizons at considerable
distances from their physical centers.
This makes them a reat danger for
space nuvigation in the distant future.
If a blagk hele s massive enough,
the crew of u spaceship would hardly
be aware of telitale - build - up of a
gravitational force ontil they were
actually instde the event horizon. By
the time they knew a black hole lay
ahead, they would alrcady be trapped
by it.

More alarming still is what may
exist in the very center of some  super-
massive black holes, Tt is thought
that it the original star which contracted
to form the black hole had enough
mass to begin with, it would keep
collapsing without limit. Long after
it had passed through its Schwarzschild
radivng, and had technically becomz a
black hole, it would keep shrinking,
Ulidmately it would become an infinitely
small point in space some thing
mathematicians terms a “singularity”.
There is considerable argument about
whether such singularities can actually
occur. Many experts believe the idea
of a singularity makes no physical
sence and claim that the fact that
black hole theory predicts them shows
that the theory is wrong.

The idea of a singularity in the
universe is an awesome prospect. We
can oncy quess what it might be



ike, but theory suggests that as we
approach it, the curvature of space -
time increases until at the singularity
itself the curvature becomes infinite,
under these conditions spage time
cannot exist and is torn apart by
immensely powerful  tidal  forces.
Through this rent in the fabric of
the universe all the matter of the
collapsed star vanishes. It leaves
behind the black hole, empty except
for the singularity at itg center.

The star has vanvished completely.
But its gravity remains tapping any -
thing that falls within the critical
radius. Some scientists have speculated
about the properties of the singularity
itsclf, Most belisve that wunder its
influence, natural laws break down,
If this is true, it is fortunate that
singularities are always enclosed by
2 black hole which prevents them
from having any effect on the out
side universe. If a2 naked singularity
were ever to form it might destroy all
natural laws, creating total chaos and

an end to space and time as we know
it,

Perhaps the most exciting possibi-
lity presented by black holes is 23 2
gate way into other universes, Once
confined to science fiction stories, the
idea of alternative universes existing
some how in parallel with owt own
is to day taken seriously by many
scientists, The possibility of using
black holes to reach them was revealed
soon after it was discovered that
some black holes will be rotating in
spacs, Rotating black holes differ

from their stationary counteiparfs in
an important way. If an astronaut
ventures into one he will find he
cannot avoid spinning around with it
as though caught in an invisible space
vortex irresistably draging every thing
around with it. Because of this
spinning motion he is not drawn directly
toward the certain death of the
singularity at the center of the vortex.
It appears possible that he will pass
right through the black hole, emerging
unseathed, But ths wniverse info
which he emerges cannot be ths one
he left when he entered the black
bole. If he at tempted to refurn home
by the same route, he would emerge
in yet another universe., He would
go on entering and leaving the black
hole for the rest of his life without
reaching his own universe. To have any
chance of teturning he would have
to seck a differeut rotating black hole
in an alien universe and fry using it
ag 8 gate way home.

The concept of just one paraliel
universe is fantastic enough. But the
idea of many black holes c?nnects.d
to an infinity of other universe is
almost incredible. Although the theory
of rotating hlack holes makes this
prediction arguments 8re contiﬁugsg
about whether such as astounding
phenomenon is really possibie. I‘jiost
scientists believe that we are either
interpreiing the mathematics iaco_rre‘ctﬁy
or the theory’s apparent predictions
are raarely a trick of the mathematics
with no basis in reality.
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AT ®, amugs 23 g wwd “Jourpal
of Indian Mathematical Society” ergyib
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@ Qaafufiiiger apevd Eear sy
ysp uras QesridBug. Foar G
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(G. H. Hardy) e.cdr Qgriiiysear gD
uPss dpwd AunsEs sz PSD
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g Gui g Reit G,

January 16, 1913
“Dear Sir,

I beg to introduce myself to you
as a clerk in the Accounts Department
of the port trust Office of Madras on

Salary of only to 20 per annum. | am
now about 25 years of age. [ have
had no University education but

I have undergone the ordinary school
course. After leaving school, 1 have

76

beent smploying the spare time at my

disposal to work at Mathematics.
1 have not trodden through the
conventional regular course which is

followed in a University course, but

I am striking out a new path for
myself. [ have made a special
investigation of divergent series in

general and the results I get are terms
by the local mathematicians as
‘startling’ ......

I would request you to go through
the enclosed papers. Being poor, if
you are convinced that there is anything
of value I would like to have my
theorems published, I have not given
the actual investigations nor the
expressions that I get but I bhave
indicated the lines on which I proceed.
Beiag inexperianced I would very
highly value any advice you give me.
Requesting to be excused for the
trouble. I give you.

I remain, Dear Sir, Yours fraly
S. Ramanujan,
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Reference:
«Mathematics in the Modern World”
W. H. Freeman and Company,
San Francisco, 1968,
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