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" To the solid g,-ound 
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THURSDAY, MAY 4, 1899. 

SC IE NT IF IC WO R TH IE S . 
XXXII.-SIMON NEWCOMB. 

NEWCOMB must be considered, without contradic
tiorr, as one of the most celebrated astronomers 

of our time, both on account of the immensity of his 
work and the unity of view which marks the choice of 
the subjects treated by him. 

All is linked together in our solar system : the study 
of the motion of each one of the celestial bodies forming 
part of it is based upon the knowledge of a great 
number of numerical data, and there exists no funda
mental element whose influence is not repercussed on 
the entire theory of these bodies. To endeavour to 
build up the theory of our whole planetary world on an 
absolutely homogeneous basis of constants was an almost 
superhuman task. 

The evaluation of each one of these data demands, 
indeed, that one should attentively go over most of the 
previous researches, and continu. them by more thorough 
methods. All Newcomb's work, followed up with rare 
perseverance, has constantly tended to this ideal end : 
first to arrive at a more exact knowledge of the magni
tudes serving as points of reference, and then to establish 
the theory, not only of all the planets, but also of their 
satellites on a system of constants as precise as modern 
observations permit. Wishing to realise in a complete 
manner this vast programme, Newcomb has recognised 
that the published observations do not. always furnish 
the necessary information for obtaining with exactness 
all the looked-for elements. Abandoning, therefore, the 
domain of pure speculation, he has given himself up to 
researches which proclaim him· possessed of a talent of 
observation of the highest order. By personal studies 
he has succeeded in filling many of the gaps which 
seriously impeded the progress of theory. Thus, in 
order to determine the masses of Neptune and Uran us 
and the elements of their satellites, he made a series of ob
servations of great value, on which are partially founded 
the ephemerides inserted in all nautical almanacs. 
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I shall simply mention here in a few words some of 
the preparatory work preceding the construction of the 
magnificent edifice of which I have indicated the plan, 
on the happy completion of which the scientific world 
is to be congratulated. Throughout its execution one 
recognises the sign of a master-mind whose conclusions 
as~ume a definite character and remain acquired to 
sCience. 

The solar parallax is one of the most essential data 
which intervene in all researches concerning the planetary 
system. Newcomb undertook to fix its value by the dis
cussion of all the transits of Venus observed previously 
to 1882. In a very detailed memoir, he calls astro
nomers' attention to the danger to which they are 
exposed by giving an exaggerated confidence to certain 
modern methods. The systematic exclusion of the 
ancient observations cannot sufficiently be justified by 
discordances which exist between their results and those 
obtained more recently. By a minute and impartial 
discussion of all existing documents, Newcomb arrived 
at a value almost identical with the one adopted in 1896 
by the International Conference of Paris. 

Again, in order to obtain by an altogether independent 
means the value of this same constant, Newcomb under
took a d etermination of the velocity of light, based on 
the ingenious method suggested by Leon Foucault. 
These researches of a physical nature opened the way 
to an important advance in our knowledge .of the 
heavens. In fact, we had all reason to hope that the 
value obtained for the velocity of light, combined with the 
constant of aberration, would allow us to determine the 
solar parallax more accurately than by the usual astro
nomical methods. Newcomb holds that multiplicity of 
methods is an essential condition of success ; this motive 
led him to choose Foucault's methcd, which he applied 
with rare sagacity. The agreement between the different 
results obtained in this way by Cornu, Michelson and 
Newcomb is an admirable one, and testifies to the 
knowledge and skill of the experimenters. With the help 
of the values found for the velocity of light, it would have 
been possible to deduce the parallax, if recent observa
tions had not revealed the uncertainty which still hovers 
over the real value of the aberration con;tants. 

B 
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I cannot close the list of these preparatory studies 
without referring to a subject which interests the highest 
problems of astronomy of precision. 

The observations of the planets and of the moon 
depend on the coordinates of the fundamental stars, of 
which unfortunately we possess as yet no catalogue ab
solutely free from systematic errors. One of Newcom b's 
constant preoccupations was to try to constitute a uni
form system of points of reference, at least in right 
ascension, this coordinate having we ghty importance in 
the case of observations of moving bodies. The cata
logues drawn up by him, and by Auwers, for the funda
mental and bright stars of the ecliptic, have shared in 
equal measure up to a very recent date the favour of 
astronomers. But the use, in the same scientific research, 
of elements derived from different sources, presents in
conveniences acknowledged for a long time. A reform 
in this direction had become very desirable. This cir
cumstance has again afforded Newcomb the opportunity 
of manifesting the inexhaustible resources of his activity 
and talent. An international conference, held in Paris 
in 1896, under the auspices of the Bureau des Longi
tudes, had as its object to elaborate a common system of 
constants and fundamental stars to be employed in the 
astronomical ephemerides. Newcomb took one of the 
most important parts in the discussions and resolutions 
of this conference. At its suggestion he has under
taken, not only the research of the definitive values to 
adopt for the lunar-solar precession and the planetary 
precession, but also the construction of a new catalogue 
of fundamental stars in accordance with the system of 
elements chosen by the Paris meeting of astronomers. 
Newcomb has consecrated these two later years to the 
accomplishing of this arduous task. The catalogue of 
fundamental stars, which he has just finished, will come 
into use in the beginning of r901, and will realise in the 
work of astronomers that unity and simplification so long 
desired. 

I now come to the labours which have absorbed the 
greatest part of Newcomb's scientific activity: they refer 
to the domain of celestial mechanics. 

At the time when the great work of Le Verrier had 
only reached the tables of Jupiter, Newcomb published 
an excellent theory of the two planets furthest from us, 
Uranus and Neptune. These tables, from the moment 
of their appearance, have been used by astronomers of 
every country. 

Among the greatest triumphs of Newcomb's career 
must be counted his many and fruitful researches on the 
motion of the moon The theory of the moon bristles 
with difficulties. No one has yet succeeded in establish
ing a complete harmony between theory and observation. 
In his lunar tables, Hansen, in order to obtain this 
accordance for a limited interval of time, was obliged to 
attribute to an inequality arising from the action of 
Venus an empirical coefficient of an excessive amount, 
and to adopt besides an acceleration of the secular move
ment twice as great as that which results from the law of 
universal gravitation according to the calculations of 
two illustrious geometricians, Adams and Delaunay. 
Should we, as a great number of savants think, attribute 
to Hansen's number, so far from the theoretical value, 
an indisputable reality, and try to discover the physical 
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causes of the anomaly ; or should we see the origin of 
the disagreement in an erroneO!JS interpretation of his
torical documents? Newcomb did not recoil before the 
difficulties which the solution of this problem entailed. 
He discussed all the occultations observed since the 
invention of the telescope up to a recent time ; he him
self examined forgotten observations, buried for one 
hundred and fifty years in the registers of the Paris 
Observatory. These neglected documents have thrown 
a vivid light on.the question. In thus utilising an abun
dant harvest of new information, and correcting Hansen's 
theory by the exclusion of every empirical coefficient, 
Newcomb arrived at results of fundamental importance. 
He provoo, agreeing in this with Tisserand's researches, 
that the eclipses of the Almagest, and those of the 
Arabs, as well as the ancient occultations, agree very 
well with the theoretical value of the secular acceleration ; 
and further, as a corollary, that the most ancient solar 
eclipses, the representation of which would seem to de
mand an increase of the secular acceleration, can without 
scruple be left out of consideration, either because the 
reality of the phenomenon remains doubtful, or because 
there exists too great an uncertainty in the hour and 
place of observation. 

One might without inconvenience, therefore, adopt the 
theoretical acceleration of 6", correcting the mean motion 
and the longitude of the epoch. But whatever value is 
chosen, and this was not anticipated, one must, after 
having suppressed Hansen's erroneous inequality, resign 
oneself to introduce another notable empiric term of a 
period of about two hundred and seventy years, and of 
an unexplained origin ; one simply notes that this ampli
tude is nearly that of an inequality due to Venus, the 
existence of which is not doubtful. 

Besides this empiric inequality, Newcomb has dis
covered another, less pronounced, with a coefficient 
superior to 1", with an amplitude of about twenty-seven 
days, and appearing to be associated with a long period 
perturbation of the excentricity and perigee. These 
delicate deductions have since been confirmed by the· 
theoretical researches of Messrs. N eison and Hill, which 
show that the terms in question are due to the action of 
Jupiter. By all these investigations, Newcomb has 
elucidated, in a masterly way, the actual state of the 
theory of the motion of our satellite. 

The two theories of the moon which must be con
sidered the best are those of the two celebrated 
geometricians, Delaunay and Hansen ; they are founded 
on totally different methods. By the help of a long, 
minute and tedious transformation, because it is a 
question of formula~ occupying several quarto volumes, 
Newcomb has rendered their expressions immediately 
comparable, bringing them moreover to a system of 
precise and uniform constants. 

Further, by this comparison, he has shown that, in 
spite of the difference of method, the two theories lead 
to identical results for solar perturbations, which form 
the essential part of them and are indeed the only ones 
which were calculated by Delaunay. 

I must now pass very briefly to some of Newcomb's 
other memoirs. One of his most original researches is 
relative to Hyperion, Saturn's seventh satellite, dis
covered almost simultaneously by Bond and Lassetl. 
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The movement observed was in disaccord with the pre
<liction of theory. In fact the major axis of Hyperion's 
orbit, instead of moving, directly, round Saturn in a 
century, accomplished a revolution in the opposite direc
tion in the short period of eighteen years. 

Newcomb has proved that this rapid retrograde revo
ution is caused by the perturbing action of the next 

satellite Titan. 
In the various volumes of " The Astronomical Papers 

for the use of the American Nautical Almanac," New
comb has published a great number of memoirs. One 
can follow step by step the immense progress achieved 
in the execlltion of the vast project which he had taken 
upon himself to accomplish. 

It is difficult to convey an idea of the considerable 
efforts, the sagacity which must be displayed, the 
numerous investigations which must be accomplished, 
in order to make known to a sufficient degree of approxi
mation the motion during a century of a body of our 
planetary system. Only those scientific men who have 
~iven themselves up to analogous studies can appreciate 
the enormous expenditure of physical and intellectual 
energy which must have been necessary to Newcomb in 
order to bring to a happy end the researches on the four 
planets nearest the sun. Newcomb has based his work 
on more than 60,000 observations, which he has com· 
pared with Le Verrier's tables; the perturbations have 
been calculated with great precision. While Newcomb 
has thus founded theories of these planets on a more 
precise basis, his celebrated collaborator, Mr. Hill, has 
obtained the same results for the two planets Jupiter and 
Saturn. 

Henceforth, science will profit by the fruits of this 
immense labour, consisting of the tables of the planets 
Mercury, Venus, Mars and the Earth. In a special 
volume there are to be found various researches on the 
fundamental constants of astronomy. 

vVe have only been able to give a short sketch of 
Newcomb's achievements; he is gifted with a pro
digious power of work, which is testified by the extra
ordinarily long list of his researches. 

The reception which has been accorded to them by all 
competent men points to their author as one of the most 
illustrious representatives of celestial mechanics. 

This activity has embraced the most diverse branches 
of astronomy. Not only has he given a great scope to 
the intellectual movement of his country, but he has also 
contributed in a very successful manner to elevate the 
level of the civilisation of our age, enriching the domain 
of science with beautiful and durable conquests. 

LOEWY. 

~-·--- ·----- ---------------------

THE TEMPERATURE-ENTROPY DIAGRAM. 
The Entropy Diagram and its Applications. By J. 

Boulvin, Professor at the University of Gand, Belgium. 
Translated by Bryan Donkin. l'p. xii + 70. (London : 
E. and F. N. Span, Ltd., 1898.) 

RANKINE'S "Thermodynamic Function¢" (defined 
by t.d<f> = dH) is now called " Entropy ¢." The 

state of a pound of stuff which has only fluid stress and 
strain is completely defined when we know the values of 
any two of p, ,,, t, E or </> [ during change of state the two 
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must not be merely p and t] where E is the intrinsic 
energy and¢ is the entropy. When we say that E returns 
to its old value if we bring the stuff to the same state 
again, we state the first law of thermodynamics in its 
most general form. When we say that ¢ returns to its 
old value, we state the second law of thermodynamics in 
its most general form. 

A curve connecting the values of any two of the above 
coordinates will, therefore, completely define the chang
ing state of a pound of stuff. Rankine does not seem to 
have used the t,¢ coordinates graphically, but he used 
them very much indeed in the algebraic form ; and the 
idea that a t,cp diagram might be constructed was pub
lished by several mathematicians more than a quarter of 
a century ago. In truth, the idea was familiar to all 
students of Rankine, but until Mr. Macfarlane Gray 
began his crusade in favour of the use of the t,<J> diagram 
in practical steam engine calculation, no other person 
had any idea of the changes that its use would effect. 

When a pound of water-stuff alters in pressure and 
volume in any assigned way, at what rate does it receive 
or give out heat? This is the problem that we used to 
solve in the most laborious way ; and so troublesome was 
it that I question if anybody, not a lecturer, ever worked 
out more than one example completely. The problem 
was never put before any but the most advanced 
students. 

Now, thanks to Macfarlane Gray, this sort of problem 
is not only taken up and solved by the average student 
in the most elementary classes, but it is of all problems 
the one whose solution is most easily understood ; and it 
is through such work that we now most easily introduce 
the average student to the laws of thermodynamics and 
the properties of steam and water. For twelve years it 
has been one of the commonest of class problems to take 
an indicator (or p,v) diagram, and assuming a certain 
wetness of the steam at the beginning of the expansion, to 
convert it into a t¢ diagram. 

Prof. Boulvin has not added to our knowledge of theory 
or the practical application of the t<p diagram, but in his 
well-known " Cours de Mecanique appliquee aux 
Machines,'' in 1893, he made the method known to 
continental students, and exhibited the conversion of pv 
to trf, coordinates in a fourfold diagram ; whereas in 
England such a conversion has always been on one 
diagram. Our method has possibly been such that the 
result is confusing to all but the man who carries it out ; 
but this is the fault of all graphical methods of working 
problems. It has the merit of utilising the whole of a 
sheet of paper instead of one quarter of a sheet. The 
English method may be recommended to a student who 
wants an accurate answer. Prof. Boulvin's method may 
be recommended to a lecturer who wishes merely to 
illustrate the connection between the p,v and the tcp 
diagrams. 

The solution of the problem is really very misleading, 
for, invariably, the assumption is made that there is no 
moisture in the cylinder at the end of the exhaust. This 
assumption is the basis of the method used by Hirn and 
his numerous followers in that kind of study of the steam 
engine which is usually supposed to be complete. It 
does not seem to be understood that if there is any 
moisture in the cylinder at the end of the exhaust, Hirn's 
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