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1:-.- a paper which has appeared in the Proceedings 
of the Tokyo Mathematico-Physical Society (1916, 
p. jl3, and 1917, p. 208) Prof. H. Nagaoka has taken 
up the theory of the concave grating in order to deter
mine the errors introduced when a wide grating is 
used. He finds that the resolving power of concave 
gratings is far less than that of flat. gratings of the 
same width. As, however, the utilisation of the whole 
power of a plane grating necessitates the use of a 
collimating telescope of large size, the best plan seems 
to be to construct concave gratings of very small curva
ture. The results of investigations of the structure of 
spectt-al lines with the concave gratings hitherto avail
al:lle have been inferior to those obtained bv interfer
ence methods giving the same resolving pci'wer. But 
the latter methods are in turn subject to the drawback 
that the order of the spectrum for a particular con
stituent observed may not be identical with that of 
the principal line of the group under investigation. 

Ar the meeting of the Scottish Meteorological Society 
on December 20 last, a paper was read on ground-ice 
by Dr. John Aitken. It was pointed out that as ice 
cannot begin to form unless the water is cooled 2° or 
3° below freezing point, any radiation effect from the 
bottom of rivers could never start the freezing there. 
An expei-iment was described in which ice was formed 
in running water by the action of radiation and cold 
air. -The ice so produced was in small crystals, or 
frazil-ice, and was found attached to the bottom and 
to obstructions in the stream, the same as observed 
in rivers. This ice, when massed, w,;1s of a soft, 
spongy nature, like ground-ice. Observations made 
where there is ground-ice show that the very slight 
heating of the sun's rays soon causes it to loose its 
attachment to the bottom and rise to the surface. It 
is shown that this is due to the ice crystals slipping 
when the temperature is just above freezing point, and 
adhering when it is just under it. The difference 
measured on the thermometric scale is infinitesimal, 
though the physical results are enormous. While 
frazil-ice gives great trouble by adhering to the hecks 
of inlets at power stations, none has been experienced 
from it adhering- to -the guide-blades in the ,turbines. 
This difference, it is pointed out, is due to the water 
at the inlets being on the cold side of the freezing 
point, while in the turbines it is just above it, owing 
to its being under greater pressure and the ice melting. 

PROF. M. TIFFENEAU informs us that the first volume 
of -the correspondence of Charles Gerhardt, the cen
tenary of whose birth was celebrated by the Chemical 
Society of France in December last, will be published 
in a few weeks' time. This volume will contain fifty
eight letters from Auguste Laurent and twenty from 
Gerhardt, between the dates 1844 and 1852. It is 
hoped that two other volumes of Gerhardt's correspond
ence will appear during this year. The complete work 
will contain five hundred letters exchanged, for the 
most part, with the chief chemists in Europe during a 
period-1837 to 1856--which, from the point of view 
of chemical science, was of the highest historical signi
ficance. The publisher .of the three volumes will be 
M. P. Masson, 120 boul. Saint-Germain, Paris, and 
the price will be about fifteen fra ncs per volume, or 
thirty-two francs for the set if this sum is subscribed 
before the end of the present year. 

ONE of the difficulties with which railwav mainten
ance engineers have to contend is creeping of the 
rails in a longitudinal direction, which necessitates 
periodic rectification of the position of the rails after 
the creep has taken place. Two papers were read on 
this subject at the Institution of Civil Engineers on 
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January 8. In one of these papers Mr. H. P. Miles 
describes investigations of this phenomenon made by 
him for a period of five years in this country on a line 
consisting of 850 track miles of main a nd branch lines, 
over which various kinds of traffic passed. In the 
other paper Mr. F. Reeves describes some simple 
experiments he has carried ou-t on pine, iron, and 
rubber laths by causing loaded wheels to roll along 
them. He concludes that creep is due primarily to 
deformation of the rail as the wheel passes over it, and 
that the more violent the deformation, the greater wiil 
be the creep; thus creep is increased by increasing the 
wheel load, and also by diminishing the rigidity of the 
rail, either by reducing its section or by using a weaker 
material. The weight of ·the wheel appears to be the 
most powerful factor affecting the amount of creep. 
Creep is accentuated by braking, and is greater down
hill than up~hill, but is by no means absent on the 
latter. Creep is always with the traffic. Creep can 
be resisted more or less completely by putting in 
enough anchorage or resistance, and Mr. Reeves de
scribes several such devices, including one of his own 
design which is in use on the Buenos Ayres and Pacific 
Railway. Many railway structures are affected by 
creep, and their design should take it into considera
tion . This requires special emphasis in the drawing 
office. 

- --------- ·--- -~ ------------ --

OUR ASTRONOMICAL COLUMN. 
THE MASSES OF THE STARS. The m asses of all the 

double stars for which sufficient data are available 
have recentlv been calculated bv Prof. H. N. Russell 
(Popular .4stronomy, vol. xxv.,

0 

p. 666). The results 
for the mean mass of a pair of stars, gr-ouped accord
ing to the spectral classes of the bright components, 
are summarised in the following table, the unit being 
the mass of the sun :-

Spectrosco1~ic Visual Physica l From parat-
Spectrum binaries binarit:s pairs ]act ic motion~ 

No. ~lass No. Mass N o. Mas~ No J\Ia:-s. 
Bo-B5 IJ 17'5 8 10·4 36 7·1, 
B8-A5 18 4·0 6 S'9 12 3·0 114 8·,v 
F -G ''giant" 34 3·9 37 8·1 
K-M 

" 38 9·8 
F-F5 "dwarf" ... 17 3"5 9 3·4 60 2·5 
F8-Ko 21 l •8 IO I '4 51 0 7 
K5-M 4 0·7 8 1 ·o 

The first three groups present quite independent 
data, but the fourth, though for the most part inde
pendent, includes stars of the second a nd third groups. 
The giant stars of all spectral classes are thus, shown 
to be nearly equal in mass, as they are in brightness. 
Among the dwarf stars, however, where the luminosity 
falls off rapidly with increasing redness, the mean mass 
also falls off, but much more slowly. The masses of 
the stars thus seem to be more closely related to abso
lute magnitudes than to spectral types; that is, the 
brighter stars are •the more massive. This result is in 
accordance with Prof. Russell's view that only the 
more massive stars can attain great luminosity in the 
course of their evolution. 

THE SPECTRUM OF a CAKUM VENAT!CORUM.- It was 
discovered by Belopolsky a few years ago that certain 
lines in the spectrum of a Canum Venaticorum were 
alternately visible and invisible, and the same observer 
found later that such lines could be arranged in two 
groups. In a brief report in .Popular Astronomy 
(vol. xxv., p. 656) it is stated that the spectrum has 
been further investigated at the Detroit Observatory 
by Mr. C. C. Kiess, who has obtained sixty-seven 
photographs, and has uetermined the wave-lengths of 
more -than two hundred faint lines. The star is classed 
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as .-\p. Belopolsky's groups have been verified and 
added to, a nd the Jines have been respectively identified 
with those of europium and terbium. Many of the 
lines not definitely recognised as being of variable 
intensity have further been found to agree with the 
stronger lines of yttrium, lanthanum, gadolinium, and 
dysprosium. The peculiarities of the spectrum thus 
appear to arise from the exceptional development of 
lines belonging to rare earths. It may be added ·that 
the presence of europium lines in this spectrum was 
first detected by Mr. Baxandall, of the Sola r Physics 
Observatory, Cambridge. 

THE SOCIETY FOR PRACTICAL ASTll.ONOMY.-The 
annual report of the president of this society for 1916-17 
is included in the Afonthly Register, vol. ix., No. 2 
(1338 Madison Park, Chicago , Ill.). The chief purpose 
of the society is to promote the practical study of astro
nomical phenomena, .c:nd to encourage co-operation 
among its members through the various observing sec. 
tions which have been organised. A section for the 
teaching of astronomy, under the direction of Dr. Mary 
E. Bit·d, a ppears to have been especially successful. 
There is a lso a section for the construction of astro
nomical instruments, which is directed by Prof. M. F. 
Fullan, who is contributing a valuable series of articles 
on ,the construction of a Newtonian reflector, from the 
grinding a nd figuring o f the mirror to the actual 
mounting of the telescope. 

- --- ---- ----··---·----·- --- -------

BUTTER SUBSTITUTES. 
THE present shortage of fats, especially butter, gives 

a particular interest to two papers published by the 
Society of Chemical Industry. The first, printed in the 
Journal for October 31 last, is by Dr. A. Lauder and 
Mr. T. W. Fagan, who experimented on the utilisa
tion of fatty acids for feeding purposes. The large in
crease in glycerol manufacture for' explosives has re
sulted in the production of a quantity of fatty acids 
much in excess of what can ordinarily be utilised. 
According to the view now held of the digestion of fat 
in the animal organism, there does not seem to be 
any physiological reason ,Yhy it should not assimilate 
free fatty acids. In the a uthors' experiments ten 
young pigs (about seven ,veeks old) were fed, the first 
five on a mixture of m a ize meal and sharps, the re
maining five on a smaller ration of the meal and sharps 
mixture, together with a small quantity of the fatty 
acids from coconut oil. About 5 oz. of the fatty 
acids replaced r lb. of the meals. In addition to the 
above rations, a certain quantity of cabbage was given 
to the pigs. The results showed that the increases in 
the live weights of the two lots of pigs when the 
experiment had lasted for seven weeks were practic
ally identical. The c0nclusion is drawn that the fatty 
acids were assimilated, and that they replaced about 
two and a half times their weight of carbohydrate. 

The second paper, published in the issue of Decem
ber 15, by Mr. W. Clayton, deals with "Modern Mar
garine Technology." The first butter substitute was 
prepared at the time of the Franco-Prussian \Var by 
Mege-Mouries, who digested animal fat with sodium 
carbonate solution in the presence of pepsin (from pig 
or sheep stomach), the product being afterwards 
churned with IO per cent. of cow's milk and water 
containing macerated cow's udder. In modern mar
g-arine· manufacture the fat is no longer artificially 
digested with pepsin, whilst animal fat is more and 
more being replaced by vegetable oils (coconut, palm
kernel, cotton-seed, arachis, soja-bean, sesam e, kapok. 
maize, and wheat), and by hardened or hydrogenated 
oil. It has been established that the very small quan
titv of nickel whic:1 remains in the hydrogenated oil 
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is quite harmless. In the preparation of margarine 
milk is used for two primary reasons : first for flavour
ing purposes, and secondly as an emulsifying agent. 
The milk is pasteurised by heating at 82° C. for a few 
minutes (a possible improvement would be to sterilise 
it by means of ultra-violet light or a high-tension 
alternating current), cooled to ro° C., and delivered 

. into souring tanks. In the latter it is inoculated with 
lactic acid bacilli and the temperature then raised to 
the point favourable to lactic fermentation. When 
the fermentation ha s proceeded so far that the acidity 
causes u rapid precipitation of curd the milk is again 
cooled to a safe inhibiting temperature. The mixture 
of vegetable a nd animal fats and oils is melted, 
strained, and brought to a suitable temperature (best 
25° C.-35° C.). 'It is then run into a churn containing 
the prepared milk (the milk is sometimes added to the 
oil, but then emulsification is not so good), and the 
mixture emulsified by the ,action of revolving baffle. 
plates. The emulsion is allowed to flow on to a 
slanting shoot, where it meets a spray of ice-cold 
water. This causes immediate solidification and a 
breaking up of the mass into yellow granules. These 
granules, after draining, are kept at a constant tem
perature in a maturing room, where the bacteria intro
duced by the milk can develop. Maturing takes 
longest in the case of the best animal margarines. 
When mature the product is kneaded to form a 
coherent butter-like mass and to expel the excess of 
moisture, and then passes to the blending department, 
where. it is prepared for sale. Boric acid (not exceed
ing 0-5 per cent.) is generally added as a preservative. 
Lactic fermentation imparts to the milk a pleasant acid 
taste, but does not give it the true butter flavour. 
Much research will be necessary before margarine can 
be made with a ta;te like that of butter. 

E. H. 

SEA-PENS OF THE "SIBOGA" 
EXPEDITION. 1 

THE Pennatulacea of the Siboga expedition-the 
richest collection of sea-pens made by a single 

expedition-comprise about 550 specimens, which 
Prof. Hickson has referred to seventeen genera and 
forty-five species (seventeen new). Having at his dis
posal this, wealth of material, and other specimens in 
his own collection and in that of the University of 
Manchester, Prof. Hickson has taken the opportunity 
of making a thorough survey and revision of the 
order. He regards the order as consisting of only a 
few well-marked generic groups, and considers that 
new generic names should not be introduced without 
very strong reason. No new generic name is proposed 
in this memoir, and several recently described genera 
have been merged in older ones. Prof. Hickson care
fully defines the descriptive terms employed in his 
memoir in the hope that henceforward there may be 
a gr~ater measure of uniformity in the terminology; 
certainly he has set a high standard of precision in 
the system~tic descriptions. 

In the course of interesting speculations on the 
hypothetical ancestor and the evolution of s<>a-pens, 
Prof. Hickson says he is inclined to believe that 
Cavernularia is nearer the ancestral form-which he 
suggests was a dimorphic Alcvonacean similar in build 
to Sarcophytum trochif orme'-than Lituari a , which 
Prof. Kilkenthal considered to be the most primitive 
sea-pen. 

Pennatulacea were obtained by the expedition from 
sixty.five of. the 322 collecting stations, and th ': names 

1 " The Pennatulacea of th~ Sihn~a Expedition, with a Gener.ii S1 rvev nf 
the Ordn.': Ry _Prof. S. J. !"1ick!son. Pp. x+265+p1at~s .\'.+1 ch.cut. 
(Leyden: E. J. Bnll, 1916.) Pnce 13.50 franc , . 
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