all particles, And the electrical force is
weak compared to the extremely strong
nuclear force that binds the particles inside
an atomic nucleus.

The other known force is that of weak
interactions, one example of which is the
disintegration of radioactive atoms. This
fourth force has a strength between electri-
cal and gravitational forces.

Although the motion of an orbiting satel-
lite is governed strictly by Newton’s laws,
scientists once proposed using a satellite to
make another check of Einstein’s relativity
theory. Before this was done, however, the
effect, called the gravitational red shift, was
verified in the laboratory, confirming astro-
nomical observations made on distant stars.

The reddening of light due to gravitation
results from the slowing effect that strong
gravitational fields have on time, whether
time is clocked by the vibrations of atoms
or by other rhythmic processes.

Einstein’s Influence

Einstein’s concept of general relativity
brought a revolutionary change in people’s
ideas about the world. He showed that
time and space are not separate, but joined
in a framework, and this mesh of space and
time is distorted by mass.

One of the basic assumptions of the gen-
eral theory is that no detectable differ-
ence exists between the force of gravity
and the force produced by acceleration out-
side a gravitational field. Measuring the
gravitational red shift has confirmed this
assumption.

Scientists for the past few years have
been investigating the possibility of “quan-
tizing” general relativity, that is, treating
gravitational radiation as if it were not
continuous but consisted of tiny packets.
This can be likened to the situation with
light, which many years ago was thought
to be continuous radiation but is now
known to consist of tiny light packets, or
photons.

The packet of gravitational energy is the
graviton. Unlike light, which will interact
only with charged particles, gravitons can
interact with neutral particles.

Detecting Gravity Waves

A device to detect gravity waves is in the
final stages of construction by Dr. Joseph
Weber and his associates at the University
of Maryland. The existence of gravity waves,
generated by any mass that is accelerated,
is predicted by Einstein’s general theory of
relativity.

Dr. Weber’s device is based on the small
effect gravity waves are predicted to have
on a relatively large mass. When a gravity
wave penetrates the mass, small relative
motions of different parts occur, setting up
tiny internal oscillations.

These internal jigglings can be converted
by crystals and low-noise amplifiers into
an electrical output in the radio wave range.

Successful detection of gravity waves
would be another proof of Einstein’s general
theory of relativity. Three effects have so far
been verified:

1. Changes in the perihelion (the point
closest to the sun) of the planet Mercury’s
orbit, which observations have shown come
very close to prediction.

2. The bending of light from faraway
stars by the sun’s gravitational field, which

comes very close to the amount predicted
by Einstein’s theory.

3. The displacement, or reddening, of
spectral lines due to the gravitational attrac-
tion of the sun and certain other stars;
laboratory confirmation of this gravitational
red shift by measuring the change in fre-
quency of gamma rays given off by iron-57.

Bold experiments on gravitation are sched-
uled for the future. Some are now in the
planning stages. It is, however, difficult to
devise new tests because the specific effects
of general relativity on matter and energy
are very small and hard to measure.

Paper and Pencil Experiments

Another way of attacking the problem
of gravitational research is to use not appa-
ratus but the human brain. Scientists with
paper and pencil or chalk and blackboard
can perform experiments.

Many are using their fertile imaginations
to gain insight into how matter and energy
are affected by gravitation.

Among these are Drs. Peter Bergmann of
Yeshiva University, New York; Hermann
Bondi and F. A. E. Pirani of King’s Col-
lege, London; Nobelist P. A. M. Dirac of
St. John’s College, Cambridge, England;
V. A. Fock of the Academy of Sciences of
the USSR; Leopold Infeld, director of the
Theoretical Physics Institute of the Univer-
sity of Warsaw; Otto Heckmann of the
University of Hamburg, Germany; Oscar
Klein of the University of Stockholm;
Andre Lichnerowicz of the College of
France, Paris; Christian Moeller of the Uni-
versity of Copenhagen; A. Schild of the
University of Texas; J. L. Synge of the Dub-
lin Institute for Advanced Study, Ireland;
and John A. Wheeler, Princeton University.

They are now turning their attention to
the gravitational collapse of very large
masses. Discovery of the vast energies re-
leased by the superexplosion of cosmic dust
in objects 100 million times as massive as
the sun at fantastic speed has called for a
new analysis of the fundamentals of rela-
tivity.
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MEDICINE
Find Blood to Be Primary
In Hardening of Arteries

» EVIDENCE that “fatty plaques” (or
hardening of the arteries) are formed from
the circulating blood was presented before
the annual meeting of the American Heart
Association in Atlantic City.

This finding contradicts the popular view
that fatty plaques of atherosclerosis must
start with initial changes in the artery wall
itself, said Drs. I. Ernest Gonzalez and Fred
Vermeullen, University of California Medi-
cal Center, San Francisco.

Dacron ribbons were suspended in teflon
tubes inserted into the chest aorta of rabbits
with high fat levels in their blood. The
scientists discovered that fatty plaques de-
veloped on these ribbons in 150 days. Since
the dacron ribbon was in contact only with
the blood, it was concluded that these
plaques were formed from the constituents
of the circulating blood. Similar plaques
have been observed by the scientists in syn-
thetic blood vessels grafted into human
arteries.

® Science News Letter, 86:299 November 7, 1964

Science Service, Inc. is collaborating with JSTOR to digitize, preserve, and extend access to
The Science News-Letter.

BARGAINS |

Order by Stock No.—S8end Check or M.O. Shipment
same day received—S8atisfaction or money back.

CRYSTAL-GROWING KIT "- i

Do a_crystallography project illus-
trated with large beautiful crystals ,
you grow yourself. Kit includes
the book ‘‘Crystals and Crystal

Growing”’ and_a generous supply

of the chemicals you need to grow ‘

large display crystals of potassium

aluminum sulfate (clear), potassium sulfate (purple).
potassium sodium tartrate (clear), nickel sulfate hex-
ahydrate (blue-green) or hephhydrate (green), potas-
smm ferricyanide (red)., and copper acetate (blue-

1) .
Stock No. 70,336-Q............. $9.50 Postpaid

SCIENCE TREASURE CHESTS
For Boys—Girls—Adults!
Science Treasure Chest—Lxtra-powerful
magnets, polarizing filters, compass, one-
way-mirror film, prism, diffraction grat-
ing and lots of other items for hundreds
of thrilling experiments, plus a_Ten-Lens
Kit for making te]escnpes microscopes,

ete. Full instructions included.
Stock No. 70,342-Q.............. $5.00 Pstpd.

Sclence Treasure Chest Deluxe—Everything in Chest
above plus exciting additional items for more advanced
experiments, including crystal-growing kit, electric
motor, molecular models sets, first-surface mirrors. and
lots more.

Stock No. 70,343-Q............ $10 00 Postpaid

WOODEN SOLID PUZZLES

12 Different puzzles that will
stimulate your ability to think
and reason. Here is a fasci-
nating assortment of wood
puzzles that will provide hours
of pleasure, Twelve_ different
puzzles, animals and geomet-
ric forms e apart and
reassemble, give a_chance for
all the family, younz and old, to test slnll, patience
?éladso nbesth i)f lsl.ﬁ 1 u.la.te ability to th:

while having lots of fun. Order yours now.
Stook No. 70,20 % $38.00 Postpaid

Dust-Free! Transparent! Low Cost!
NEW COLLECTORS
Tight ﬁtA;II;ISPLAY CASE

ig] g, crystal clear, - "’
to-edge covers enable you toedgee N
all contents . . . rocks znd min-
erals, fish lures, science knick- ¥
knacks, gems, stamps, etc. Covers ." &
is;:uiels; ﬁhmged.L yet 8pen vntl'l; .

ist of fingers. Large ansparen
display box (5” x 7” 1 °
opens to approx. 10%” x 77,

Mounted vertically or horizontally for permanent dis-
play, or closed and stored for future reference. Rayon
flocl ingerts cut to securely hold 24 individual
black-] bottomed boxes (each ” deep) .
STOCK NO. 60. 459-0 Display box wlth compartment

msens plus 24 specimen boxes ...$2.75 Ppd.
STOCK NO. 60 456-0 Pka of 12 specimen

boxes . ........ ... .. . i iiia.... 1.00 Ppd.
STOCK NO €0, 451-Q Dlsplay bux (without
inserts) .......... .. i, $0.75 Ppd.

MINIATURE WATER PUMP
Wonderful for experiments miniature water-
falls, fountams. HO_ gage railroad back-
drops, ete, ; y (2% ” x 13 ”) electric
motor and pump, ideal for hobbyists, labs,

R Pumps cc w of water
at rate of one pint per minute at a 12”
head. With 2 D Batteries_in series_will

pump to 24” high. Runs 48 hrs. on battery. Works
in either direction. Self-priming.

Stock No. 50,345-Q............. $2.25 Postpald

19 TRANSPARENT

GEOMETRIC SOLIDS
These solids are accurately
constructed and nicely fin-
ished. Transparent plastio
can be marked with a china
marking pencil. Edges_ out-
lmed m red for good visibil-

ty, ight of larger piece
other sohds Jin e&)roportxon Set comes

weIl hardw box, Im-

Regular Tetrahedron (4 sides);
Cube (or Rectangular Hexahedron) 3. Regular
Octahedron (8 sides); 4. Re odecahedron (12
sides) ; 5. Regu.ar Icosahedron (20 es) ; 6. Right
G . Frustum of a Ti| ht Cu-cular Cone.
8. Right Circular Cylinder phere; 10. Rght
Prism with Square Base; 171 R1 ght Prism with_ Rec:
tangular Base; 12. Right Hexagonal Prism; 13. Rij ht
Triangular Prism; 14 Obhque Paralleleplped 15,
’l‘rmngular Pyramid; R lquare Pyramld

Regular Hexazona,l Pyramxd' 18. Frustum of a
Quadrangular Pyramid; 19. Frustum of a Square

Pyramid.
stock No. 70,814-Q......... ...$39.50 Postpaid
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