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ASTRONOMICAL SPECTROSCOPES

=

i

Unique design combines three optical systems. First
produces primary band; second the comparison-source
band; third the wavelength scale.

For 24.5-mm. Eyepiece For 14" Eyepiece
Holders Holders

Stock No. 55152 $149.95 Stock No. 55181 $154.50

STAR GUIDE (Planisphere)

Indispensable—just a twist of the dial and you have
a graphic representation of the heavens at any hour
of the day or night. 107, double disk, durable plas-
tic. Constellations, major stars, and other interest-
ing objects are labeled. Stock No. VASG7.. . $3.25

DELUXE
CELESTIAL
GLOBE

A miniature planetar-
ium.  High-impact 77
transparent .globe. 88
constellations, Milky
Way, main nebulae, star
clusters, and thousands
of stars are clearly
indicated. Graduated
scales: horizon, merid-
ian altitude, celestial
equator, ecliptic, and
timing indicator. Also Earth in center and solar posi-
tion adjustments on the outside. Plus: stand, 4’ by
4’ lunar wall map, 12-page instruction book.

Stock No. VACG3..

Special
->p

$24.88

For Catalogues: Telescopes, Accessories, Astrophotog-
raphy and 1968 Astronomical Events Calendar, send
50c, stamps or coin.

OPTICA b/c Company

Astro Equipment & Supply Division
4100 MacArthur Blvd.

0Oakland, California 94619
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QUANTUM MECHANICS—THE FABRIC OF
THE ATOM. A series of 10 illustrated lectures
by Dr. Philip Morrison, professor of physics and
nuclear studies at the Massachusetts Institute of
Technology, from BBC-TV series, obtainable from
Peter M. Robeck & Co., 230 Park Avenue, New
York, N.Y. 10017.

All of the following films are 16mm, b&w, 30
min. Rental $30 or purchase $180. The price for
rental of the 10 films is $250, and the price for
the purchase is $1,250.

ON THE STABILITY OF MATTER. We know
only since Rutherford that, like the solar system,
the atom of matter is mostly space within which
the electrons move, held by forces at least anal-
ogous to the force of gravity. In spite of internal
motion and spacious structure, an atom somehow
remains itself; that which changes in matter, the
rusting blade, the hard coal turned to smoke,
is but a rearrangement of the same tiny particles.
To suggest the extraordinary stability, the in-
corruptibility of the atoms themselves, they were
named by the Greeks, and the word atom means
“The Uncut.” The material world is stable be-
cause its atoms (bricks) are stable.

THE GRAININESS OF ENERGY. Matter is
grainy. Its grains are the atoms which themselves
are grainy and which have atoms of their own.
The structure of any two atoms of the same ele-
ment is identical. Also, the atoms of the atom,
the electrons outside the binding central nucleus,
are also each to each identical. Inside the
nucleus, there is also a grainy structure of iden-
tical sub-units. The measure of electrical response,
or electronic charge, comes in only a one-sized
package, one quantum. A particle may bear a
single unit of charge, or any integer multiple of
that, never a fractional quantity of charge. Mass
and charge come in lumps or particles. Measures
of motion, quantities like energy, are also found
to occur only in the grainy mode. Atoms are
not mere rock-hard; they are quantum-rigid; easily
changed by a sufficiently large energy packet,
totally unmoved by one only a little smaller. The
permanence of our world rests on the fact that
no energy store can change by less than its
smallest quantum.

THE QUANTUM OF ACTION. The quantum
of action is a measure of motion. On the atomic
level, the quantum of action, Planck’s constant
h, is the sovereign measure. The motion of an
electron in an atom, with the velocities ap-
propriate to the motion under electrical forces,
has just one, two or three such quanta. As ¢
(the speed of light) parted old space and time
from the new relativistic fusion, so h (Planck’s
constant) parts Newtonian forces and trajectories
from the fused cause and chance of the new
mechanics.

THE FUSION OF CAUSE AND CHANCE. The
atomic world of small action is ruled by a
fusion of cause and chance. Light is the most
commonplace source of events of small action,
ruled by the quantum. The eye, the photographic
plate, etc. display an atomic form of recording.
A grainy, individual reaction is the mode of these
light detectors. Light itself can transfer its energy
and momentum only in packets, called photons
which cannot be split. The stability of the in-
dividual photon is never altered. Light has atoms,
too. For every photon, the energy and the mo-
mentum strictly satisfy the precise laws of con-
servation, but just where the next photon will
strike, just when it will be counted, are matters
which obey the mathematical laws of chance.

MATTER WAVES. In light, the wave is far from
tangible, determining a mere probability by its
strength; its particles are far from isolated, but
deposit their invariable stores of energy in ac-
cordance with the probability pattern defined with
stringency by the wave-like field. Today we be-
lieve that all the particles, from neutrino to
uranium, all the wave fields, from sound itself
to light, gravitation, and the rest, form wave-field
patterns (called quantized wave-field). Mass, en-
ergy, momentum, change, etc. are always casually
conserved, never missing, never new-born. But
when and where these grains of quantity are to
be found is ruled by a wave pattern which is
always to be found in space and time. How it
permits the transfer of one or more of these basic
grains is up to chance. Again, this is the fusion
of cause and chance.

THE PRINCIPLE OF UNCERTAINTY. In the
past it was believed that since every cause pro-
duces an effect, and since every cause itself was
an effect, and since we have a continuous history
of cause and effect, then we could, therefore,
predict what would happen next., This was proven
to be untrue. The principle of uncertainty has
made our scientific world open up. It tells us
what kinds of mechanical knowledge we may or
may not obtain. We know atoms always carry

(see Films p. 408)
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All you need to make
movies is 2 16mm Bolex
and a lens.

All you need to make
movies is a 16mm Bolex
and a lens.
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But Bolex is a system as well as a
camera. It can be outfitted for your
specific laboratory needs. Begin with
reflex (through-the-lens) viewing.

The Bolex H-16 Rex-5 camera with
its built-in single frame device is de-
signed for all time-lapse applications,
even through a microscope. And at
any time the number of frames ex-

posed can be checked on the frame
counter built into the camera.Variable
speeds from 12 to 64 frames per
second allow you to slow down the
actionfor analytical purposes. A wide
range of optically perfect lenses offer
complete flexibility from extreme wide

angle to macro close-up cinematog-
raphy, including zooms.

Bolex cameras, made with Swiss watch
making precision, have proven their
accuracy over many years time, under
the most adverse conditions and at
tropic and arctic temperatures. This
is the Bolex H-16 Rex 5, The Microbe
Hunter.

For a special issue of the Bolex maga-
zine on scientific and medical photog-
raphy, write to Paillard Incorporated,
1900 Lower Road, Linden, New Jersey
07036.

BOL.E>X
Bolex H-16 Rex 5,
The Microbe Hunter.
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The
American Heritage

SMITHSONIAN
LIBRARY

is growing

This beautifully illustrated science
library—written by noted authori-
tiesand backed by the full resources
of the Smithsonian Institution—
now has four new volumes for
adult and young adult readers in-
terested in viewing today’s sciences
in the light of their historic devel-
opment.

WORLDS AROUND THE SUN
Lee Edson. What is the solar sys-
tem? What do we know of it and
how are we finding out? How does
it effect the reader himself? This is
a popular, illustrated guide to the
answers. $4.95

BRIDGES, CANALS AND
TUNNELS

David Jacobs. The growth of trans-
portation in North America from
the fascinating view of civil engi-
neering. Especially relevant is its
unsnarling of the current urban
congestion knot. $4.95

AMERICA'’S FIRST
CIVILIZATION

Michael Coe. A first-hand study—
of which the author-archaeologist’s
own color photographs are a major
part—of the astonishing Olmec
civilization of Mesoamerica. $4.95

THE EVIDENCE OF
EVOLUTION

Nicholas Hotton, III. What evolu-
tion is (not a theory as the author
points out), how it works, its mean-
ing in terms of life on earth. An
exciting, often amusing account by
a gifted paleontologist. $4.95

Van Nostrand books
for young readers

COLONIZATION OF
THE MOON
D. S. Halacy, Jr. Illus.

THE ORIGIN OF LIFE
Dr. Alvin and Virginia Silverstein.
Illus. $3.50

THE ELEGANT SOLUTION

Jean Ford Brennan. The stories be-
hind six of the most exciting en-
gineering breakthroughs of our
times. Illus. $5.95

$3.95

nd

120 Alexander Street
Princeton, N.J. 08540

(Films from p. 406)

mass, charge, energy, momentum, etc., but we
cannot hope to follow the motion of an electron
in the orbit of a normal atom. If we could, we
mark time in its passage. But then the energy
would spread, and the atom would be in no well-
defined energy level. Uncertainty?

THE PHYSICS OF IDENTITY. The grainy nature
of quantum systems permits them to be in such
states that all representatives, say all electrons
spinning parallel to a given axis, or all stable
hydrogen atoms, are truly identical, not merely
similar, as are peas in a pod. Of course, no direct
measurement can establish identity; it can certify
merely as to the smallness of differences. The dis-
tinction and relation between the single individual
and the class is a rich one; the most stricking
result of quantum mechanics is to have found this
very point deep in physics.

THE QUANTUM FABRIC OF MATTER. The
whole of the material world, with radiation, falls
under the domain of quantum mechanics, from
the scale of the nucleus within the atom up to
the structures of living beings, wherever nuclear
physics or atomic chemistry plays an essential
role. Every sort of structure, each nucleus, atom,
molecule, crystal, has its proper energy levels, cal-
culable by the laws of quantum mechanics from
the nature of the elementary building blocks and
their familiar forces of inter-action. All matter
obeys the structural dictates of the quantum.

CREATION AND DESTRUCTION. Stability and
form have been emphasized, but change is equally
part of the material world, and is equally well
treated by the quantum theory. Particles can be
created and destroyed under certain restrictions.
Electrons, for example, are born to die always
twinned with positrons. A photon can pass its
energy and momentum on as a legacy to an
electron-positron pair, itself disappearing at once.
But it cannot do so in free space for the energy
and momentum cannot be balanced there. Some
external force must be present, and the typical
seat of this process is the region near the nucleus
where there is a strong electronic field.

ELEMENTARY PARTICLES: THE ELUSIVE
ULTIMATE. The quantum theory relies upon the
existence of these truly identical entities, electrons,
protons, neutrons and many unstable ‘‘particles.”
Their nature has been_illumined, but still only
dimly by this theory. We know many particles,
of various families. No really crisp results exist
about the particles themselves; their compounds,
however, are very well understood. No sign of
the fal]ure of ?uantum mechanics has yet ap-
peared, only a frustration of consistent applica-
tion to the various interactions. It is not expected
that the picture of fused cause and chance, of
conservation and virtuality will be discarded. The
quantum will always remain.

SCIENCE NEWS

Copyright © 1968 by Science Service, Inc.
Republication of any portion of SCIENCE NEWS
is strictly prohibited.

Subscription rate: 1 yr., $6.50; 2 yrs., $11.50; 3
yrs., $16.50. Special trial offer for new sub-
scribers only: 39 weeks, $3.43. Single copy, 25
cents. No charge for foreign postage. Change
of address: Three weeks’ notice is required.
Please state exactly how magazine is ad-
dressed. Include zip code.

Printed in U.S.A. Second class postage paid at
Washington, D. C. Established as Science News
Letter® in mimeograph form March 13, 1922,
Title registered as trademark U. S. and Cana-
dian Patent Offices. Indexed in Reader’'s Guide
to Periodical Literature, Abridged Guide and
the Engineering Index. Member of Audit Bu-
reau of Circulation. UNSOLICITED MANU-
SCRIPTS will not be returned unless accom-
panied by a stamped, self-addressed envelope.
Published every Saturday by SCIENCE SER-
VICE, Inc., 1719 N St., N.W., Washington, D. C.
20036. NOrth 7-2255. Cable Address: SCIENSERV.

ADVERTISING
L. D. Young, Advertising Director, SCIENCE
NEWS, 1719 N St, N.W., Washington, D. C.
20036. Phone 202-667-8945.

Advertising Representatives: SCRIPPS-HOWARD
NEWSPAPERS. General Advertising Depart-
ment: 200 Park Ave., New York, N.Y., TN 7-5000;
400 N. Michigan Ave Chucago' 11l., SU 7-3355;
Suite 211, Braniff Bu:ldmg, Dallas, Tex.,, PL
7-3847; 908 E. Northland Tower, Southfield,
Mich., 444-4595; 6363 Wilshire Blvd., LosAngeIes.
Calif., OL 30026 Room 1522, Phnladelphla
Natiohal Bank Buxldmg Phlladelphna. Pa.,
LO 3-6275; 100 California St., San Francisco,
Calif., 989-5570; Suite 417, 3384 Peachtree Rd.,
N.E., Atlanta, Ga. 261-1571.

408/science news/vol. 94/26 october 1968

This 10%"
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NEWTONIAN
TELESGOPE

with equatorial head...

... is also available in
415", 6", 812" and 1134" aper-
tures. Also in Cassegrain
form. They are de-

scribed in the

FREE
28-PAGE ASTRONOMICS
TELESCOPE HANDBOOK

Telescopic Design « Telescopic Performance
Optics and Observation
Catalog of Telescopes and Accessories
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