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--
THE SOURCE OF SOLAR ENERGY1 

INTRODUCTION 
IThas been wisely said by Dr. W. W. Campbell 

that a scientist does not create the truth. He does 
nothing whatever to the truth; he simply uncovers it. 
Through the analysis of physical science, the universe 
is resolved into atoms-protons and electrons, and the 
cosmic laws are reduced to action and reaction of 
these integral parts. A general simplification has re- 
sulted; in the terms of atoms many complicated phe- 
nomena have been solved, and it is hoped that the new 
physics will shed some light on the problem in hand- 
the source of solar energy. 

I t  is known that throughout entire geological time 
the sun has been radiating energy a t  a rate which 
has varied but IiDtle. With the generally accepted 
estimate of the age of the earth2 each gram of the 
sun has accounted for about 2 x lo9 calories, and the 
well-known problem arises: whence came this heat. 
The great quantity of the solar radiation and the 
inadequacy of the simpler theories to account for it 
have been so frequently discussed that a short review 
of them will suffice here. 

I t  does not come within the scope of this paper to 
reexamine the data for determining the age of the 
earth. Estimates have ranged from 108 years to 
Russell's absolute maximum of 6 x log. Since even 
the minimum value given above is far in excess of 
that demanded by the following theories it is not 
necessary for our present purpose to defend any 
specific value. For the sake of definiteness we adopt 
the value lo9 as of the proper order of magnitude, 
especially since this figure has apparently met with 
wider acceptance than any other. 

The sun radiates about two ergs per second, or 
1.5.calories per year, for each gram of its mass. The 
researches of Emden, Eddington, Jeans and others 
have shown that, in order to maintain the observed 
mean density of 1.4 against the enormous pressures 
existing in the far interior, a critical temperature of 
some 10,000,000" to 30,000,000" R is required. The 
opacity of the interior, by setting up a negative tom- 
perature gradient, reduces the temperature of the 
photospheric surface approximately b 6,000" K. 

IAward4 the A. Morrison Prize in 1926 by 
the New York Academy of Seiencea 

years. 
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Bausch & Lomb 
for U 

Microscope 
'cbools 

An inexpensive, simple, sturdy, and 
efficient instrument with the vast experi
ence and unequalled manufacturing facil
ities of America's leading optical institu
tion behind it* 

Microscope TS withstands the in
experience of embryo microscopists in 
high schools, and faithfully serves the 
students more expert in its use. The 
patented side fine adjustment ceases 
to operate when objective touches 
slide. The tube length is fixed at 
160 mm. The pinion of the coarse 
adjustment can not override the rack, 
and the objective can not be lowered 
against the iris diaphragm. The 
finish is reagent and alcohol proof. 

Catalog D-17 sent upon request, 

BAUSCH & LOMB 
OPTICAL COMPANY 

632 St. Paul Street Rochester, N. Y. 

instrument. 

The innate quality of a microscope can not be 
judged by its appearance or specifiea 
tions. Instead, the discriminating 
buyer bases his selection on 
factors behind the 

Me experience .gained 

& Lomb Optical Company 

iree quarters of a century of con*, 

reasing production of precision; optical instru 

ltsi The consistent refinement and perfection. of B & L 

instruments resulting from this* expei; 

lejr acceptance today as Standards of Comi < 

A m e r i c a ' s L e a d i n g O p t i 
F o u n d e d i n 1 8 5 3 

n s t i t it t i o n 
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Marine Biological Laboratory 
Woods Hole, Mass. 

Facilities for mearch ln Zoology, 

INVESTIGATION , " ~ P ' Y ~ & ~ ~ ~ ~ ~ ~ ~ , " ~ , " ~ ~ ~ ~ ~ ~ ~ ~  
Entire Year $100 each and ninety-four private 

loboratories $200 each for not over 
three months. FVt -six tables are available for beginnem 
In research who d e s k  to work under the direction of mem- 
bers of the staff. The fee for such a table is W.00. 

Courses of laboratory instroction 
INSTRUCTION with lectures are offered in In- 

vertebrate Zoolo ProtoZool08'Y, 
j m e  18 to ~ u g u s t  Embryology. ~hy%"~ogy,  and Mor- 

phology and Taxonomy of the 
8, 1927 

~ ~ f ~ : i m e ~ e ~ , " ~ { , " n t t r e ~ " , ~ $ , 5 ~  

BIOLOGICAL SUPPLIES 

SUPPLY For the classroom, museum or col- 
lector. 

First class pre awtions 
DEPARTMENT Send for new (f926) ~*t&eme NO. 1. 

Zoological and Etmbryological ma- 
Open the Entire terial, Life Histories and Habitat 

Year 
Groups. 

Catalogue No. a, Botanical 
material. 

Catalogue No. 3, Microscopic 
slides. 

Address all corres~ondenoe rem- 
in. materlal and eatalogacn to: 

Supply Department, 
GEO. M. GRAY 

COLEMAN & BELL 
Laboratory Reagents are Dependable! 

Our List Includes: 
C. P. Inorganic Chemicals 
C. P. Organic Chemicals 
Chemical Indicators (dry). Including 

Hydro en Ion Indicators of 
Clark % Lubs and Sorenren 

Biological Stains (dry) 
Rea ents and Solutions-- 

Btains in solution 
Indicators tn Solution 
Blood Reagents 
Dia nostic Reagents 
~ i x % g  solutions 
Mounting Media 
Volumetric Solutions 
Test Papers 

Coleman & Bell Products may be se- 
cured from the principal dealers in lab- 
oratory supplies in the United States and 
in Foreign Countries, or may be ordered 
direct. Catalogue sent upon request. 

T H E  COLEMAN & BELL COMPANY 
(Inwrpomtad) 

Manufacturing Chemists 
Norwood, Ohio, U.  S. A. 

' 
The Biological Laboratory 

Cold Spring Harbor, Long Island, N. Y. 

Facilities for research Investigation in Physiolo Protozoolegy, 
lDmbryolo and other branches of g ~ l o g y .  and Bot- 
ang. Fee%r private room ~ 6 .  

pecial e uipment for mammalian work. 
~pportun?ties for beginning investigators. Fee $60. 

Instruction 
SIX weeks June 29th to August 9th. Courses in 

Field zoo lob  Physiology BIxperimental Sur erg, 
~lndocrinology: Field ~ o t a b y  and Plant ~lcofogy. 
Tuition $70. 

Situated in a re on rich in marine. fresh water. 
woodland and mea& life. One hour from the cen- 
ter of New Tork City. For information, address the 
Biolo cal Laboratory. Cold Spring Harbor, Long 
I s l ang  N. Y. 

he acute shortage 
of 1924 and 1926. 

h o  headquarters fo r  living and preserved speoi- 

All material guaranteed witheut reservations. 

No. 133. As illustrated. I n  ordering 
mention gas to be used ... ... S.00 

No. 153. With yoke to flt dentnl oxygen 
tanks ..... ............... ... . 6.00 



School of Medicine 
NEW ADMIISKCON REQUIREMENTS 

At leaat three years of approved college
work including specified requirements i n  the 

DEGREE OF B.S. IN MEDIC& 

SCIENUE 


This degree may be awarded a t  the end of 
the third or fourth year to stud& fulfilling 
certain conditione including the preparation 

DEClaEE OF DOCTOR OP WEDIUINE 
Upon satisfactory completion of prescribed 
f our-year course. 

For  catalogue and information, address 
THE DEAN, Washington University

school of Medicine, st LOW, 
Missouri 

Medicine and Dentistry 
THE UNIVERSITY OF 


ROCHESTER 

Medical School, Strong Memorial Hospital and 

Out-Patient Department of the University oi 
Rochester and the Municipal Hospital of the City 
of Rochester all under one roof. Medical Snr-
fical, ~bstethc,  Pediatric, Contagious and ~ e u r o -  
ogical patients admitted. Unusual opportunities 

for school and htpspital cooperation in medical 
and dental teaching. 

Admission 

Medical and dental candidates must have corm-


pleted three years of college work with special 
requirements in chemistry, physics and biology. 
The entering class will not exceed 40, men and 
women being admitted on equal terms. 

Charge for tnitian will be $300 per annum, pay- 
able in equal installments at the beginning of 
each semester. 

Bor &formtior mZdrea8 

The Dean-School of Medicine and Den- 
tistry, Crittenden Blvd., Rochester, N. Y. 

SCHOOL OF MEDICINE 

The School of Medicine is an Integral Part of 
the University and is in the Closest Affilia- 
tion with the Johns Hopkins Hospital. 

COURSES FOR GRADUATES 
In addition to ofPering instruction to students en- 

rolled as candidates for the degree of Doctor of Medi- 
cine, the School also offers Courses for Crnduntes in 
Medicine. In each of the clinical depa nments oppor- 
tunity for advanced instruction u.iil be ofPered to a
small number of physicians who must satisfy the 
head of the department in wdich they desire to study 
that they are likely to profit by it. 

Students will not be accepted for a period shorter 
than three academic quarters of eight weeks each, 
and it is desirable that four quarters of instruction 
be taken. The courses are not planned for purposes 
of review but for broad preparation in one of the 
lines of medical practice or research. The opportuni- 
ties offered will consist in clinical work in the dis-
pensary ward-rounds, laboratory training, and spe- 
cial cli&cal studies. 

School of Tropical lgedidne 
of the  

University ofPorto ~ i c o  
rnder the ampice8 of 

COLUMBIA UNIVERSITY 


San Juan, P. R. 


An ingtitution for the study of tropical diseases 
find their prevention. 

New bugding containing well equipped labora- 
tories and library. Clinical facilities in general 
and special hoepitale. Field work in cooperation 
with Insular Department of Health. 

Courses in bacteriology, mycology, parrteitology, 
pathology, food chemistry, public health and tram- 
missible dhaees, open to graduates in  medicine 
and others having equivalent preparation. Num-
ber of studenta limited. 

First term of second session begins Oct. 1,1927; 
second term, Feb. 1, 1928. Special students and 
investigators admitted a t  other times as space 
and circum~ltances permit. In all cases arrange-
ment in  advance ie advised. 

For further information apply to 
Director 

School of Tropical M&iclne 
san Snan, Port0 -0. 


