
23, the meteoroid is said to crumble
"when it first encounters atmospheric
resistance"; when is first? On the same
page m stands for n. Atomic sputter-
ing of a solid is not "smashing"
(page 53). On Whipple's diagram
of wind velocities, the wind has re-
versed its direction only once, not
"5 times" (page 78) (there are five
maxima and minima, without rever-
sal) . Velocities of separation for come-
tary fragments "of the order of a few
kilometres per second" (page 115) are
unthinkable. In the figure on page 126
the direction of motion of Jupiter is
not indicated; if it is conventional
(counterclockwise) , the outcome will
be a hyperbolic comet orbit, not an
ellipse as shown; if it is clockwise, the
most unusual (unrecorded) case of
a retrograde short-period comet results
as shown; also, "many successive per-
turbations" are not required—one
could suffice.

There is an appendix containing
"Review Questions and Problems" an
average undergraduate would hardly
master most of them on the evidence
of this text alone; evidently, their
difficulty has been recognized also by
the author, who advises ignoring
them "with impunity". There is no
list of literature.

The reading of this, partly colloqui-
al, exposition of meteor science defi-
nitely leaves the impression that the
author has profound knowledge and
experience in his subject. However, for
the uninitiated it is a difficult kind
of introduction to the maze of prob-
lems involved in the study of the stray
bodies of the solar system.

Generations in transit
FLIGHT TO THE STARS. By James Strong.
178 pp. Hart, Hart, New York, 1965.
$4.95.

by Herbert Malamud

When the first automobiles made
their appearance, some critics of the
noisy monsters tried to convince peo-
ple that riders would not survive a
velocity greater than sixty miles an

* * *
A theoretician, Herbert Malamud is as-
sociated with the Radiation Research
Corporation of Westbury, Long Island.

SPACE TRAVEL IN 1901. The vehicle American Exposition and gave customers
was a ride at the Niagara Falls Pan- a simulated trip to the moon.

hour. During the decade of the nine-
teen-thirties, science fiction stories
treated in great detail the concept of
space flight, ignoring those (includ-
ing more than one otherwise compe-
tent scientist) who denounced space
flight as impossible.

Now that we are perhaps five
years from the moon, and it is clear
that an extension to manned explora-
tion of the planets is likely soon after-
wards, we can still find those who
circumscribe man's future. Doctor A
will tell us that exploration is all very
well, but clearly it is forever impos-
sible for man to create permanent
settlements on the inhospitable
planets. Professor B will say that the
planets are possible, but we can never
reach the stars. Your reviewer is less
dogmatic. I claim that it is impossi-
ble to light a safety match on a cake
of wet soap. All else is possible.

Strong believes that it is possible
to reach the stars, and he has written
a book to proselytize his belief. In
his words, "Only the madness of
atomic war and total annihilation
can bring the future to an end." His
book, of necessity a mixture of sci-
ence and science fiction, includes
every argument he can muster to sup-
port his thesis, and destroys almost

trivially several arguments against it.
The first section of Strong's book

begins by admitting that we do not
have a propulsion unit at present ca-
pable of driving a ship to the nearer
stars in anything like a reasonable
time. It discusses, without finding a
"best solution," several drive con-
cepts, including chemical, electrical,
nuclear and thermonuclear rockets.
Unknown concepts such as space
warps, gravitation drives and faster-
than-light travel are dismissed with
short comments, since the unknown
cannot be discussed in any detail.
Since speeds greater than presently
achieved rocket speeds are unknown,
Strong avoids discussing them in de-
tail. Instead, he uses a "speed growth"
curve, plotting the highest speeds
achieved by man over the last two
hundred years or so, and extrapolat-
ing the curve past the present. Far
fetched as it is, this reviewer agrees
that this is the only course open to
him.

Thus, he calculates that in a cen-
tury, speeds of one percent of light
speed may be expected, and 80 years
later, five percent. This, he con-
cludes, is about as far as he would
want to trust the extrapolation of the
speed growth curve, and, on the
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TEXTBOOKS FOR
THE FALL SEMESTER

From W. A. Benjamin, Inc.

NUCLEI AND PARTICLES, Emilio Segre. This
broad and quantitative introduction to nu-
clear and subnuclear physics has undergone
a debugging and reprinting. Intended for
senior and first-year graduate students, the
book emphasizes both theoretical and experi-
mental approaches, utilizing elementary con-
cepts of quantum mechanics. Illustrations,
tables of data, and extensive references are
included. 752 Pages, $15.00

MATHEMATICAL METHODS OF PHYSICS,
Jon Matthews and Robert L. Walker. An ex-
cellent senior or first-year graduate text
about mathematics for physicists, this com-
prehensive volume emphasizes problem
solving and provides the mathematical
knowledge and techniques necessary in
modern physics. Many exercises and an ex-
tensive bibliography allow the reader to fol-
low up discussions in the text. 487 Pages,
$13.50

THE STRUCTURE OF MATTER, Robert Christy,
Agnar Pytte. Written for a first-year course
in modern physics, this basic text considers
classical mechanics, kinetic theory of matter,
quantum mechanics, electronic structure of
matter, and nuclear particles. The authors
stress theory and its agreement with experi-
mentally observed results. 565 Pages,
$11.75

QUANTUM MECHANICS, Volume I, Kurt
Gottfried. The most important aspects of
nonrelativistic quantum mechanics are pre-
sented in this detailed and authoritative text
for first-year graduate students in physics.

The basic concepts of quantum mechanics
are presented and, throughout the book,
theory is applied to important physical prob-
lems. 512 Pages, $13.50

INTRODUCTION TO SPECIAL RELATIVITY,
James Smith. This undergraduate text was
written to provide physics students with a
complete mastery of special relativity at an
elementary level. Intuitive understanding is
developed so that the student wil l have a
feeling for the physics involved before he
relies on the formalism of his calculations.
Examples from elementary particle physics
are used in many of the problems. 230
Pages, $6.00 (Cloth), $2.95 (Paper)

ELECTRONICS FOR SCIENTISTS, Howard V.
Malmstadt, Charles Enke, E. C. Toren, Jr. For
physicists who possess little or no background
in electronics and who need an understand-
ing of the principles and functions of their
apparatus, this widely used volume provides
an accurate and thorough exposition of mod-
ern electronics. 630 Pages, $11.95

MATHEMATICS FOR INTRODUCTORY SCI-
ENCE COURSES, Daniel Greenberg. This text-
supplement was designed to meet the mathe-
matical requirements of first-year general
physics. To better understand mechanics and
electricity and magnetism, the book concen-
trates on calculus and vectors, and reviews
algebra, analytic geometry, and trigonome-
try. Exercises, examples, and illustrations
supplement the text. 230 Pages, $5.00
(Cloth), $2.95 (Paper)
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grounds that this is a reasonable max-
imum that may be expected from
presently understood rocket systems,
he stops there. A further reason for
stopping at this point is the fact that
a speed of five percent of that of light
is sufficient to enable a star ship to
reach the nearest stars in a time of
the order of a century. Strong con-
siders this to be reasonable for such
a journey, but also feels that it is
the maximum time that could be con-
sidered reasonable.

The only place where one might
read of such journeys in ships out-
fitted to maintain a closed ecological
system for a century or more is. so
far as I know, in various science
fiction stories, whose authors generally
come to the conclusion that on a trip
of over a century or so, the voyagers
would lose sight of their purpose and
degenerate into savagery. They also
treat (in fiction) the possibility that
voyagers on a journey that lasts too
long would be met on arrival by
others who started later, with ships
developed in the meantime back on
earth, capable of much higher speeds.
These possibilities are said to limit
a reasonable journey to a century or
so. As Strong puts it, "Space writers
take a gloomy view of the hazards
within sealed star ships . . . (for very
long trips) ." He uses this as an argu-
ment that a century is a maximum
for such a trip. I find this argument
weak, since space writers are com-
pelled to invent hazards. Else where
is the story worth writing about?

Strong's ship then, is somewhat ar-
bitrarily taken to be about three-quar-
ters of a mile in length, with a mass
of about 100 megatons of which 95%
is fuel, and is to support 100 to 150
people for 100 years. Accessible space
is thus a sphere of radius 20 light
years. (This ship may be compared
to one written about by Heinlein,
some 20 or 30 years ago, which was
five miles long and supported several
hundred people for a century.)

Required power, thrust, etc. are
analyzed and described. Strong then
discusses the 55 stars to be found with-
in 16 light years of the solar system,
of which three are known to have,
and four more suspected of having,
unseen companions of planetary
size.

Following this is a discussion of the
possibilities of finding life on some
of these stars, and a short discussion
on the basics of attempting communi-
cation with alien life forms, both be-
fore and after a possible face-to-what-
ever meeting. Several books have ap-
peared recently on the subject, some
of which have gone into more detail
than the present book. The discus-
sion here is speculative, as it must
be, but not unreasonable.

He concludes with speculation on
the subject of why star travellers
from elsewhere have not visited us re-
cently.

I noted only two misstatements in
reading the book. First, Pauli, and
not Dirac, discovered/invented the
neutrino. Second, although Strong was
correct when he wrote that "not a
single atom of antihydrogen has been
created in the laboratory," he is no
longer correct. Antideuterium was re-
ported to have been created at Brook-
haven [Phys. Rev. Letters, 14, 1003
(1965)].

This book is an attempt to interest
someone in the author's personal
dream, that of stellar flight. If
that "someone" should read it, Strong
may succeed.

Results of instruction
SCIENCE TEACHING AND TESTING. By
Leo Nedelsky. 368 pp. Harcourt, Brace
and World, New York, 1965. $6.95.

by Robert L. Weber

Teachers and students of science are
much indebted to Professor Nedelsky
for his continuing crusade to persuade
teachers to improve their own teaching
and for his offering of tools effective
in this task. He urges teachers to be
more analytic about the goals of in-
struction and of conditions conducive
to learning. A course may be analyzed
in either of two ways: by observing
teaching materials and processes and
gauging them against an accepted
standard or by measuring the stu-

# * #
The reviewer, rvlw is a professor of
physics at The Pennsylvania State Uni-
versity, is the author of a number of
textbooks and has long been interested
in methods of teaching science.

dents' achievement. The observation
technique requires familiarity with
theories of learning with respect to
which "most college science teachers
are ignorant, suspicious, belligerently
defensive, and, when opportune, jubi-
lantly offensive." For most of his ex-
position in this book, Nedelsky turns
lo the other technique, the measure-
ment of how much students learn.
"This technique, in principle . . ., is
congenial to scientists, for it is largely
empirical and can be readily mas-
tered."

Essential to the measuring and judg-
ing of the results of instruction is a
statement of desired results or objec-
tives. Mere description of course con-
tent is inadequate. One needs to know
what students are expected to be able
to do with the content. In chapter 2,
Nedelsky gives a list of possible ob-
jectives of a course in physical science.
Three general types of competency
(1) knowledge, (2) understanding
(both analytical and intuitive) and
(3) the ability to learn are subdi-
vided using a simple decimal classifi-
cation scheme employed throughout
the book in relating sample questions,
published tests, and bibliographies to
specific course objectives. "This book,
however, tries to avoid all—and espe-
cially semantic—coercion; its rhetoric
is intended to make things clear and
leave decisions to the reader."

Three chapters on teaching meth-
ods discuss (1) reading and analytical
understanding, (2) disciplined and
imaginative thinking and intuitive un-
derstanding, (3) the laboratory. There
follow extensive chapters on tests:
theory of testing, measuring under-
standing of science, forms of tests, pre-
paring tests, uses of tests in diagnosis
and research and annotated bibliog-
raphies. Part II, comprising 35% of
the book, presents with comments
sample tests for knowledge, tests for
understanding, tests for ability to learn
and laboratory performance tests.

The annotations in the bibliogra-
phies are not only helpful literature
guides but often interesting comments.
Under a listing of Jacques Barzun's
The House of Intellect appears "Pro-
fessor Barzun writes: 'Taking an ob-
jective test is simply pointing. It calls
for the least effort of mind above that
of keeping awake: recognition'." Ne-
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