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GALACTIC EVIDENCES FOR THE TIME-SCALE
OF THE UNIVERSE'

By Dr. S. CHANDRASEKHAR i
YERKES OBSERVATORY, THE UNIVERSITY OF CHIGAGO

AN important phase of modern astronomical re-
search is concerned with the time scale of the universe,
t.e., with the specification of a natural unit of time
in which it would be most convenient to deseribe the
changing aspects of the astronomical universe. Stated
in this manner, it is apparent that the solution to the
problem of the time scale will not permit us (not at
any rate in the first instance) either to “date” the
present epoch in a “fundamental” calendar or to fore-
cast with definiteness the “end.” What it would allow
us, however, is to specify an interval of time in which
various aspects of the astronomical universe may be
expected to change appreciably. Conversely, the solu-
tion to the problem of the time scale will ultimately
depend on the study of a variety of different aspeets

1 Address given before the Philosophical Society of
‘Washington on December 4, 1943.

of the universe and the establishment in each case of a
time interval during which the aspect studied might
change to an appreciable extent. And if such studies
should lead us in most instances to time intervals
which are of the same order of magnitude, it would
not be unreasonable to attribute to a unit of time of
this order of magnitude a fundamental significance.
It would appear that this is the only manner in which
a rational approach to the problem of the time secale
can be made. However, in formulating the problem
in this manner it is evident that a certain element of
arbitrariness has been introduced into the discussion.
But this is unavoidable and inherent in a problem in
which the emphasis is on an order of magnitude and
not on an absolute measure.

During the past twenty years many attempts have
been made to establish a time scale in the sense de-
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E is made from a Pyrex 2 liter flask which has a 24,/40
ground glass joint D sealed into it. The tubing sealed

Fia. 1

into the male part of the joint should be constrieted
slightly at the bottom and turned up to prevent the
ingress of air bubbles during boiling. The siphon is
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equipped with an air trap. It is made by sealing a
side arm into the bulb of a broken 10 ml pipette; the
upper part of the bulb is sealed. The siphon tube
should be sloped from the bulb into the flask so that if
any bubbles form they will collect in B. Over a period
of months only a small amount of air collects in B.
The rubber tubing € should permit the insertion of a
clamp when the apparatus is not in use. The soda
lime tube F should contain only coarse particles;
otherwise it offers too much resistance to the distilla-
tion and may blow the stopper out of the flask. Some-
times it is advisable to remove the soda lime tube dur-
ing the distillation.

Two mls of 85 per cent. phosphoric acid and a few
glass beads are put into the flask. A Day pinch clamp
is left on the rubber tubing at C until the water starts
to boil. The siphon can be filled from the rubber
tubing on the end of the delivery tube from the large
carboy. When the siphon and the air trap B are filled,
the clamp is put on at ¢. When the first distillation
is started the flask E should be filled to a level a little
below that in A; otherwise when the water starts to
boil it will foree some of the solution out of the flask
into the leveling box.

The entire apparatus can be assembled in an area
24 x 15 x 65 inches, which includes a 5-gallon carboy
reservoir for single distilled water. Where there is a
supply of running distilled water, a line can be
brought over to the 5-gallon carboy and so facilitate
filling the reservoir. The carboy rests on a shelf sup-
ported by wall brackets and a § inch pipe which serves
as a support for the rest of the equipment.

OnAF MICKELSEN
‘W. W. BenToN
JoEN A. PHELAN
LABORATORY OF PHYSIOLOGICAL HYGIENE
AND THE CENTRAL SCIENTIFIC SHOP,
UNIVERSITY OF MINNESOTA, MINNEAPOLIS
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Timely Texts fon Fygiene Courses

HEALTHFUL LIVING FOR NURSES

By HArorp S. DmerL, M.D., Professor of Preventive Medicine and Public Health and Dean

. of the Medical Sciences, and Ruta E. BoynToN, M.D., Professor of Preventive Medicine
and Public Health and Director of the Students’ Health Service, University of Minnesota.
531 pages, 51 x 8%. $2.50

The purpose of this new book is to provide a textbook covering the essential information in personal
and community health that every nurse should have. Although many of the health problems of the
nurse are the same as those of other students, the profession of nursing exposes the young women
who enter it to specific health hazards not found outside the medical and nursing field. For this
reason, the authors approach the subject of healthful living from the point of view of the nurse
and her special problems, such as the care of the feet, care of the skin and hair, and tropical and
other communicable diseases.

TEXTBOOK OF HEALTHFUL LIVING

By Harorp S. DieHL, M.D. Second edition. 634 pages, 6x9. $2.50

This remarkably successful textbook has established an impressive record of distribution and use and
has won the enthusiastic endorsement of teachers and reviewers everywhere. Especially adapted
for classroom use, the text contains many valuable pedagogical aids in the form of tables, charts,
and carefully selected questions. Some of the topics covered are: major health problems; foods;
~ weight and its control ; dietary dangers; digestive disturbances; stimulants; exer01se——fat1gue—rest
specific disease preventlon normal sex life; mental health; etc

ELEMENTS OF HEALTHFUL LIVING

By Harorp S. Dierrn, M.D. 315 pages, 6x9. $1.75

In this condensation of Textbook of Healthful Living the author answers the urgent need for a brief,
vital text suited to the shorter courses in hygiene necessitated by wartime conditions. All material
and data have been revised in the light of the latest information, and much of the subject matter
has been rewritten in more compact form. In view of the special health requirements created by
the war, the sections on physical fitness have been revised and expanded. A new section on heredity
has also been included.

Send for copies on approval

McGRAW-HILL BOOK COMPANY, INC.

330 West 42nd Street, New York 18, N. Y. Aldw&ch House, London, W.C.2.
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WILEY BOOKS

IN MATHEMATICS
for your V-12 and AST courses

If you prefer a wunified textbook covering algebra,
analytic geometry, and trigonometry, we recommend—

A FIRST YEAR OF COLLEGE MATHEMATICS

By HENRY J. MILES, University of Illinois. For V-12 courses M1-
2-3-4, and AST Basic Phase Curriculum courses 406-407. 607 pages;
5% by 814; $3.00

If you prefer individual textbooks, we recommend—

For V-12 courses M1-2-3-4; for AST Basic Phase Curriculum courses 406—407:

COLLEGE ALGEBRA TRIGONOMETRY

By H. P. PETTIT and P. LUTEYN; both at By HOWARD K. HUGHES and GLEN T.
Marquette University. Second Edition: 247 pages; MILLER; both at Purdue University. With

5% by 8%; $1.90 , tables: 268 pages; 5§ by 8%; $2.00
COLLEGE ALGEBRA

By LOUIS J. ROUSE, University of Michigan. .
Second Edition: 462 pages; 5% by 8; $2.25 PLANE TRIGONOMETRY

ANALYTIC GEOMETRY WITH TABLES

By EDWARD S. SMITH, MEYER SALKOVER, By .HARVEY A, SIMMONS, Northwestern Uni-
and HOWARD K. JUSTICE; all at the University versity, and GREENVILLE D. GORE, Central
of Cincinnati. 298 pages; 6 by 9; $2.50 ~ Y.M.C.A. College.. 282 pages; 53 by 8%; $2.00

For V-12 courses M5-6-7; for AST Basic Phase Curriculum course 408:

CALCULUS CALCULUS
By EDWARD S. SMITH, MEYER SALKOVER, By HENRY B. PHILLIPS, Massachusetts Insti-
and HOWARD K. JUSTICE. 558 pages; 6 by 9; tute of Technology. 353 pages; 5 by 7%; $3.00

$3.25 DIFFERENTIAL EQUATIONS

By HARRY W. REDDICK, The Cooper Union
School of Engineering. 245 pages; 5% by 8%; $2.50

CALCULUS _ DIFFERENTIAL EQUATIONS
By FREDERIC H. MILLER, The Cooper Union By HENRY B. PHILLIPS. Third Edition: 125
School of Engineering. 419 pages; 6 by 9; $3.00 pages; 5 by 7%; $1.756

JOHN WILEY & SONS, INC,, 440-4th Ave., New York 16, N. Y.




