THEORETICAL PHYSICS

Gravity
and
infinity

An infinite gravity creates
theoretical difficulties

by Dietrick E. Thomsen

When Sir Isaac Newton gave the
world his universal theory of gravita-
tion, he thought he had solved a prob-
lem. In a way he had, but in doing so
he created several others that have been
plaguing physicists ever since.

For 300 years physicists have dis-
cussed the nature of gravitation, its rela-
tion to cosmology and its place among
other kinds of natural forces.

Up to now, all of Newton’s succes-
sors, however much they have altered
his theory, have agreed with him that
gravitational forces have an infinite
range. That is, no matter how far one
body may be removed from another,
they will still experience some gravita-
tional influence from each other. It
may be so small as not to affect their
behavior in any measurable way, and it
may make some theories hard to ac-
cept, but in principle it still is there.

One scientist troubled by inconsis-
tencies attending infinite gravitational
ranges is a professor at the University
of Chicago, Dr. Peter O. G. Freund.
He and two of his students, Aman
Maheshwari and Edmund Schonberg,
are contributing to the debate a theory
—really two slightly different theories
—in which gravitational forces have a
limited range. Such a theory, if true,
would lead to important consequences
in cosmology, namely a pulsating uni-
verse, and some changes in theoretical
if not experimental particle physics.

Dr. Freund cites two reasons for pro-
posing such a theory. They relate to
Albert Einstein’s revision of gravita-
tional theory, which currently has the
most general acceptance.

In the first place, Einstein’s theory
gives reason to believe that the extent
of the universe is finite. But Einstein’s
retention of the infinite range of gravi-
tational forces creates a problem. “If
you have an infinite gravitational range
and the universe were finite,” says Dr.
Freund, “you can’t ever convince your-
self of the correctness of the theory.”
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So he proposes to limit the range of
gravitational effects to the effective size
of the universe, the extent of space that
contains the bulk of the gravitating
matter.

Dr. Freund is careful to ensure that
in his theory the parts of the universe
can all affect each other gravitationally,
by making the range of gravity coincide
with the size of the universe. In this
way the actual effects of gravitational
forces are not changed very much, but
troublesome infinities go out of the
calculations.

If the universe expands, the range
of Dr. Freund’s gravitation keeps up
with it. But this extension of the range
reacts back on the universal expansion
in such a way that mathematically, at
least, periods of expansion alternate
with periods of contraction, and over
eons one would see a pulsating universe.

The second reason has to do with
difficulties encountered in quantizing
Einstein’s theory. In order for gravi-
tational theory to take its proper place
in particle physics, it must be worked
out so that gravitational quanta exist,
that is, particles that act as embodi-
ments and carriers of gravitational
forces, just as light quanta, or photons,
carry electromagnetic forces. In quan-
tizing Einstein’s theory, says Dr.
Freund, exceptions to mathematical
rules occur.

Newton and his immediate successors
developed a way of looking at the space
around a gravitating body as if it were
inhabited by an array of potential
forces. These would become actual if
another body were brought into the
neighborhood.

This, the so-called force field, be-
came a successful method of calculating
the effects of gravity and later electro-
magnetism, although it begged the ques-
tion of how the forces were mediated
across empty space. In Einstein’s theory
space is the mediator of gravitational
forces instead of simply the empty
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arena in which the forces appear. Ein-
stein’s space is a physical entity that can
be bounded and curved. The presence
of a gravitating body causes space to
curve, and the curves govern the motion
of other bodies that come near.

But Einstein’s curvaceous geometry
is hard to see. “In experiments,” says
Dr. Freund, “we measure the motion
of matter rather than triangulate the
universe.” His theory dispenses with
Einstein’s geometry, makes gravity
finite and contents itself, as Newton’s
did, with field equations to determine
the forces and equations of motion to
determine the dynamics of the bodies
involved.

" Modern particle physics gives Dr.
Freund another approach to the force-
mediation problem.

Certain particles, the so-called field
quanta, embody natural forces such as
electromagnetism, the strong nuclear
force and, physicists believe though they
have not seen its quanta, gravitation.

Forces are mediated in particle
physics by having these quanta fly back
and forth between the bodies concerned.
In a somewhat similar way a Ping-Pong
ball mediates a force between two
paddles.

Theories of natural forces have had
to be reworked to include these quanta.
This can be done for Einstein’s gravita-
tion theory, but not without the mathe-
matical problems Dr. Freund complains
of when giving his reasons for sub-
mitting another.

The field quanta go by a rule that
says that those that represent forces of
infinite range, the photon for electro-
magnetism and the graviton for gravity
in Einstein’s theory, may not have a rest
mass. The ones that represent short
range forces—the only one now known
for certain is the pion for the strong
nuclear force—may have a rest mass.

But, says Dr. Freund, “in a finite
universe the statement that the graviton
mass is zero cannot be checked.”
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Spectrogram (left)
shows shifts in a
galactic spectrum;
Maheshwari,
Freund and
Schonberg
discuss equations
for a finite
gravity; Einstein’s
curved space and
Newton’s action
at a distance meet
in theory.
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So Dr. Freund and his students give
gravity a finite range and change theo-
retical particle physics by introducing
a graviton which has mass. Since the
range they give it is astronomical, their
graviton’s mass is small, on the order of
10-14 (one hundred-thousand-billionth)
of a proton’s. By comparison the mass
of a pion is about one-eighth that of a
proton.

All of this dos not change experi-
mental particle physics very much. Dr.
Freund’s or any one else’s graviton
would be just too small to be recorded
by present experimental techniques.

To find experimental evidence to de-
cide among gravitational theories is
very difficult.

The predictions about forces and
visible effects in Dr. Freund’s theory
come out very close to those of Ein-
stein. “No experiment that could be
done within our galaxy,” says Dr.
Freund, “could distinguish between the
two.” But he has hopes for such distinc-
tion from studies of the red shifts of
distant galaxies.

That the light reaching the earth
from distant galaxies is reddened is
considered by cosmologists to be evi-
dence that they are all flying away from
us. Everything flying away from every-
thing else means the universe is ex-
panding.

Each of the different gravitational

theories makes a different prediction
about the red shifts that should be seen,
because the manner of expansion or
contraction varies from one to the

other. Dr. Freund’s theory says, in
fact, that at times the red shift should
turn blue. A blue shift would mean
the galaxies are coming together, and,
Dr. Freund says, this alternation of red
and blue shifts can be taken as a pre-
diction of a pulsating universe.

Red shift data are still not good
enough to select among gravitational
theories. But, says Dr. Freund, “we
think the next 100 years will tell.” <
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MUSHROOMS AND FUNGI. Comprehensive
lists. LEW’s, 2510 Van Ness Avenue, San
Francisco, Calif. 94109.

CAMPS

SCIENCE EXPLORING FOR BOYS ages 11-15 at
SPRUCE_ MOUNTAIN CAMP, Bryant Pond,
Maine. Field and mountain trips, ham radio,
photography, plants, animals, astronomy,
weather, geology, ecology. Exciting concept of
science recreation. Staff inquiries invited.
Catalog: William T. Harty, 12 Highland St.,
West Medway, Mass. 02053.

CAMP BIOTA—Six weeks exciting fun and
knowledge. Boys 9-14, Natural science for
academically talented. Lake, cabins. Survival,
creative indigenous crafts, canoeing, fishing,
swimming, archery, riflery, riding. Professional
staff. A.C.A. Nashville 615-766-2494. Dr. and
Mrs. Forrest N. Evans, Joelton, Tennessee 37080.
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GOVERNMENT SURPLUS 80-page electronic-
optical catalog showing hundreds of bargains
galore. Pennies on the dollar. Meshna, Nahant,
Mass. 01908.

MINIATURE ALUMINUM EXTRUSIONS, Cross
sectional area as small as .010. Send prints
for immediate quote. Mann Made Inc., Box
307, Fate, Texas 75032.
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fern fiber with orders.

PLASTIC BINDERS—Bind 25-100 page reports,
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HEY, FELLOWS AND GIRLS, for 75c (plus 25c
for postage and handling) you can get a
“Things of Science” kit on Crystal Growth,
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1719 N St., W., Washington, D. C. 20036.
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receive your order.
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SUMMER GUIDANCE & STUDY INSTITUTE—
June 30th-August_16th. Unique, individualized
Vocational and Educational Career Plan de-
termines realistic goals for boys in grades 7-
12. Accredited college-prep courses in English,
3 languages, sciences, math, history. Reme-
dial Reading. Classes limited to 5. Driver Edu-
cation. Broad cultural program. Swimming,
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portunities in White Mountains vacation area.
Inclusive fee covers everything. Scholarship
aid available . Director: John H. Flynn,
Fryeburg Academy, Fryeburg, Maine 04037
Tel: 207—935-2040.
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