BY DIETRICK E. THOMSEN

Einstein’s equations are probably his
greatest legacy to physics. They are a
summation of his theory of general rela-
tivity and describe the characteristics of
the gravitational field and space-time
under the assumptions of the theory. Since
they were published in 1916 it has been
one of the tasks of general relativists to
derive from them solutions describing
particular situations involving bodies with
very strong gravitational fields.

The only solutions derived so far con-
cern static situations, the configuration of
and gravitational fields surrounding one
such body. The Schwarzschild solution is
for a single black hole; the Kerr solution
for a single rotating black hole. If the
interaction of other bodies with the black
hole is considered, the other bodies are
made to be very small so that their gravi-
tational fields are negligible and do not
disturb the arrangement appreciably.

There is now a chance of obtaining a
dynamic solution of Einstein’s equations,
one that would describe the interaction of
two heavy, general-relativistically gravi-
tating bodies. The simpiest situation of
this sort, the collision of two black holes,
is now being worked on, and according
to Larry Smarr of Princeton University
Observatory, who spoke at the recent
Symposium on Theoretical Principles in
Astrophysics and Relativity at the Uni-
versity of Chicago, the prospect for suc-
cess is good.

The situation in general relativity now
is as if Newton, after hitting on the idea
of universal gravitation, had been able to
solve his equations to get a description of
the earth’s gravitational field and the mo-
tion of the apple that fell (let us hope not
really on his head), but had never reached
his even greater achievement, explaining
the interaction of the earth and the moon,
two bodies of comparable size and gravi-
tational field strength. (Incidentally, that’s
as far as Newtonian solutions ever got.
In 300 and some years nobody has man-
aged yet to solve the Newtonian three-
body problem, and the influence of a third
body can be treated only if it is marginal
compared to the interaction of the other
two, what mathematicians call a small
perturbation.)

Solution of the Newtonian two-body

46

If Earthquake is shatter-
ing, Jaws engulfing and
The Towering Inferno in-
cinerating, 1magine the
crash of two black holes.

Supercastastrophe.

problem had some practical, if not quite
down-to-earth, results. Without it Aldrin
and cohorts would never have trod the
lunar regolith. Solution of the Einsteinian
two-body problem takes us to a much
more esoteric realm. A number of astro-
physicists believe it will be important in
understanding the physics of the centers
of galaxies.

Galactic centers are places where some
kind of energetic phenomena is going on.
So much is observed fact. They emit a
good deal of radiation in various ranges
of the electromagnetic spectrum. What
follows is hypothesis. Some astrophysi-
cists say galactic centers are places in
which numbers of exotic objects such as
black holes (and possibly ordinary stars
as well), are jumbled together much more
closely than they are in the outer reaches
of galaxies. These objects interact with
each other in various ways to produce the
observed energy. One possibility is a
black-hole collision.

It thus becomes important to know what
happens when two black holes collide. Do
they bounce? Do they coalesce? If they
coalesce, does the union then have a
greater probability for attracting and
swallowing others and so on until the
whole universe . . .? Or do two colliding
black holes destroy each other, leaving
behind naked singularities? (A singularity
is the place at the center of every black
hole where space-time becomes too
twisted for general relativity to deal with.
A singularity stripped of its opaque
black-hole covering is frightening for
general relativists to contemplate (SN:
7/12/75, p. 28). The proper solution to
the Einstein equations should answer the
questions.)

To solve his equations, Newton had to
invent the branch of mathematics known
as integral calculus. Today college stu-
dents learn what he invented. Einstein’s
equations belong to a much more difficult
mathematical breed than Newton’s dif-
ferential equations, and they are particu-
larly intractable examples of their breed.
Furthermore, there are ten of them.

Newton could regard space and time as
a fixed framework, in which his physics
operated. In Einsteinian physics space-
time is a participant in the action. Einstein
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viewed gravity as an effect of the curva-
ture of space-time so that where there are
strong gravitational fields there are sharp
curvatures and weird distortions of space
and time. When there are two bodies
contributing significantly to the distor-
tions, the complexities of describing them
are multiplied many fold compared to the
single-body case. In fact, says Smarr, the
distortions of space-time and the nature
of gravitation conspire to frustrate a solu-
tion unless the theorists figure out how to
force them to yield one.

The work involved inventing an entirely
new mathematical and computer technol-
ogy to do the job. It was started under
Bryce DeWitt at the University of North
Carolina and has been continued by Smarr
and Irvin York.

Basically, the work involves following
the changes in the curvature of space as
the black holes come together. The
theorists want to follow the evolution of
a three-dimensional hypersurface through
time as the collision proceeds. The hyper-
surface of especial interest is the event
horizon, the place where communication
between inside the black hole and outside
breaks off. If the area of the event horizon
decreases, the system is evolving toward
a naked singularity and all the problems
that entails.

But serious difficulty surfaces when the
theorists simply try to follow the evolution
of a hypersurface through time and calcu-
late the gravitational fields it sees. Each
element of the surface moves through time
along its own lines. Gravity is an attrac-
tive force, and the effect of the attrac-
tiveness on this kind of space-time prob-
lem, says Smarr, is to focus the coordi-
nates, to bend all those lines of develop-
ment together to a point. Such a point is
a singularity. There the various quantities
become mathematically undefined; time
stops, and so does the computer.

What the theorists want to do then is
to build singularity avoidance into the
mathematical program. This amounts to
choosing coordinates with the least con-
vergence. It can also be viewed as choos-
ing the right time scale. Time scales vary
greatly from observer to observer in a
situation like this. What is microseconds
to one can be centuries to another. What
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is wanted is the optimum clock rate for
following the evolution of the collision as
far into the future as possible. The way
the theorists developed goes by the name
of ‘‘maximal slicing.”” It sets up the
mathematics *'to let space-time itself more
or less sniff out how to go forward,” as
Smarr puts it. When it sees increasing
curvature, it imposes an automatic singu-
larity avoidance, veering the coordinates
away from the focus.

They have computed the collision part
way. to a point where they see a constric-
tion in the horizon. a kind of dumbbell
shape that indicates *"two black holes have
actually merged."" By now the coordinates
that started out as squares have been badly
stretched and have become hard to com-
pute. To compensate. York and Smarr
have invented what they call a ‘‘shear
vector’’ to push the coordinates back into
a more tractable shape. With this they
think they can compute as far into the
future as they want.

It appears that future will be stormy.
“*The actual collision is a terribly violent
event,’” says Smarr. [t generates strong
bursts of gravitational radiation that use
up several percent of the mass in the
system, a truly magnificent rate of mass-
to-energy conversion for any kind of
physical process. The means for comput-
ing the detailed shape of this cosmic
thunderclap are on the computer now,
ready to go. O

“SOLAR

[
ecology « economy e utility  nature « harmony
ACTUAL WORKING BLUEPRINTS
FOR YOUR SOLAR HOME

Learn all about the most fascinating possible
home of the future! It can be your “now”
answer to today's energy crisis in housing. And
for the years ahead. Your builder can modify or
actually use the complete blueprints included in
the book to create a solar heated and air con-
ditioned home that you'll be proud of . . . and
comfortable in. It's even more ecological by
having a beautiful earth covering.

Designed by renowned ecological architect
Malcolm B. Wells, this modern masterpiece
includes the patented and home-tested Thomason
“Solaris System"”, the only proven actual work-
ing system—proven for 10 years! . . . the system
that can cut conventional heating costs by as
much as two-thirds.

GIANT FREE j»v=3= HEIE gad
CATALOG! g‘?» 4| xm St
NEW. 180 Pages

W\
Over 4,500 Un- FON ’4
By

usual Bargains ’
for Hobbyists,
Schools. Industry

JUST CHECK |

E COUPON!
. eomunp |
SCIENTIFIC CoO.
300 EDSCORP BUILDING
Barrington, N. J. 08007

America’s Greatest
Science « Optics - Hobby Mart

SEND FREE

Charge my Master

I Interbank No

Expiration Date

COMPLETE AND MAIL COUPON NOW
EDMUND SCIENTIFIC CO. 300 Edscorp Bidg., Barrington, N. J. 08007

180 PAGE CATALOG
Charge my BankAmericard »

HOUSE PLANS”

o by Edmund, Homan, Thomason and Wells

HOW MUCH WILL IT COST!

For about $40,000 you can build the solar
home with 3 bedrooms, 24 baths, kitchen,
dining room, living room, recreation room,
photo darkroom, utility room, office/studio,
lots of closets, storage.

This is the definitive book on solar homes.
Experts have filled its 48 easy-to-read 815 x 11”
pages with intriguing facts and illustrations
(plus an additional section of your complete
blueprints). Among subjects discussed are “why
solar heat?”, "why earth covering?”’, why the
owners decided to build the home shown. There
IS a section on architectural problems and con-
siderations, plus one on solar heating system
design, theory and construction. Other solar
homes are discussed also. Everything you'll
want to know about building a solar home is
here — the advantages, problems, savings and
suggestions.

Send today. Available only from Edmund Sci-
entlflc Co. As with everything Edmund sells, it
carries a 30-day money-back
guarantee. Read it. Examine it.

Enjoy it. Return it for a full
refund if you aren't delighted! Ppd

Stock No. 9469Q Just

Send me___ "*SOLAR HOUSE PLANS" '
BOOK(S) @ $24.95 ea. (No. 9469Q) 3-——'

SOI

Enclosed is Handling

Charge » check, [ m.o. in amount of S
Signature, '
L AR AR Y l
Address. '
City, State, Zip

HELPING TO DEVELOP AMERICA'S TECHNOLOGY FOR OVER 30 YEARS.

Boull Bet Yous.

Our readers have enjoyed these recent issues

yu wouldn’t have missed them.

As a subscriber y¢

JULY 19, 1975

= SEREREEEEENSENSENSERENNNESEREREEREREN
= Science News =
m 231 W. Center Street, Marion, Ohio 43302. n
B Send me 52 weekly issues of SCIENCE NEWS. :
M H
= Name =
] n
] u
] n
W Address s
n n
L] n
L] . n
m City State Zip ]
s I enclose $10 [J Bill n
[ I enclose ill me
H S-66 @
[ ]

FIX LAWN MOWERS

FOR FUN 4% PROFIT! Fasci-
nating new Handbook by F
Peterson gives you the
knowledge skilled mechan-
ics learn.

OVER 125 ILLUSTRATIONS
show how to trouble shoot,
repair carburetors, en-
gines, balance and
sharpen blades, etc. Ex-
ploded drawings are ex-
tensively used.
INSTRUCTIONS COVER
reel, rotary and rider
mowers, preventive and
routine maintenance,
how to identify brand names, where to obtain
replacement parts. How to buy and use a
lawn mower. Friends gladly pay $10 to $50
to fix their lawn mowers. Try the HANDBOOK
OF LAWN MOWER REPAIR.

Rush only $7.95 plus 50¢ handling on 10-day money-back
guarantee.

EMERSON BOOKS, INC., Dept. 425-8
Buchanan, New York 10511

summer reading

Catch up on some of those books you
haven't read by selecting them from the
many titles appearing in our Books of
the Week column, Order now from our
convenient Book Order Service any U.S.
book in print. When ordering, please list
title and your complete return address
including zip code. Remit retail price plus
25¢ handling charge for each book. All
books sent postpaid.

Book Order Service
science news

1719 N St. NW.
Washington, D.C. 20036

47



