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of the French school was certainly broadened. The 
tendency is growing to recognise that the phenomena 
are of greater complexity than has been supposed, 
and even to hark back to Faraday's conceptions. 
It is an astounding fact and a great reproach to our 
science, that we are in no way agreed as to the precise 
mechanism underlying the simplest case of chemical 
change. We simply have no criteria. Unfortunately, 
we have wandered during forty years in the wilder
ness, wearing teutonic blinkers. At the root of our 
difficulty is the lack of philosophical outlook, due 
to narrowness of practical experience, insufficient 
knowledge of materials and processes, and undue 
specialisation. We need a Wagner to knit our 
scattered themes into rhythmic form: we need also 
to pay far more attention to fact. 

The discussion of the structure of solids was prob
ably the most important part of the proceedings. 
A great difference of opinion between chemist and 
physicist was apparent. The able account of the 
results of the X-ray analysis of crystals given by 
Prof. Bragg was much appreciated. It is clear that 
it is possible to determine the orientation of atomic 
centres in crystals, but it is in no way proved that 
the partitioning of the atoms among the molecules 
can be ascertained : Prof. Bragg was prepared to 
admit this. The volume occupied or influenced by 
the atom was also much discussed. Here again it 

was agreed that the X-ray method, at present, affords 
no direct information and that only the distance 
between atomic centres can be fixed. Precision was 
given to this latter problem by Mr. Barlow, who gave 
an account of the way in which he has modified the 
original Barlow-Pope valency-volume hypothesis, by 
using a cell of unit-valency and forming models of 
atoms of higher valency by associating such unit
cells in the appropriate numbers. Mr. Barlow has 
constructed close-packed models of a considerable 
number of benzene derivatives which are in direct 
near agreement with crystallographic data: several 
of these were exhibited. The writer was able to point 
out how closely the properties of carbon were repro
duced in the model of the carbon atom-a pyramid 
of four unit-dodecahedral cells-used by Mr. Barlow 
in constructing his models. Finally, the existence 
of atoms in the crystal-in common salt, for example, 
-as independent units was brought under discussion. 
Mr. Barlow exhibited a model of the molecule of 
potassium chloride, composed of two similar 13-faced 
cells ; such molecular units may be close-packed in 
any numbers to give crystal units having all the 
geometric properties shown by potassium chloride. 
The writer expressed the opinion that it was im
possible, from the chemist's point of view, on present 
evidence, to believe for one moment that the molecule 
lost its individuality in the crystal. H. E. A. 

Heavy-Oil Engines. 
THE James Forrest Lecture for 1925 was delivered 

by Capt. H. Riall Sankey before the Institution 
of Civil Engineers on May 5, and dealt with some 
outstanding questions relating to large engines of the 
self-ignition type. The discussion was limited to 
engines working either on the two- or the four-stroke 
cycle, and compressing air to a temperature sufficient 
for the self-ignition of an injected fuel of not less than 
o·Sz specific gravity. 

There are many difficulties in connexion with fuel
injection, and much research is still required before 
practical perfection is reached and the best method 
finally established. The two methods employed are 
air-injection and mechanical injection (also called 
solid injection). The former requires an air-com
pressor, and introduces oxygen with the oil, producing 
probably a small initial explosion together with an 
air-blast which causes turbulence and drives the oil 
into all parts of the combustion chamber. The ex
pansion of the air cools the jet by some 1oo° F., which 
has to be allowed for by a higher initial pressure of 
the air in the cylinder. The air injector is able to 
impart greater energy to the atomised oil, to which is 
probably due the fact that a greater indicated mean 
effective pressure is possible with air than with 
mechanical injection, as has been found by Engineer
Commander Hawkes. The cooling effect of air
injection is especially noticeable at light loads, and 
may cause misfires and explosion troubles; mechanical 
injection is much freer from these troubles. It would 
appear that at present the economical results per I.H.P. 
are better with air-injection than with mechanical. 

High temperatures and pressures occurring in 
heavy-oil-engine cylinders cause stresses which are 
difficult to meet. The parts principally affected are 
the cylinder head, the cylinder walls, and the piston. 
Cast steel is generally employed for the heads, since 
the same strength can be obtained with much thinner 
walls, and the temperature-stresses are thereby sub
stantially reduced. In large cylinders with thick 
walls the temperature- stresses in the walls exceed 
the ring-stress due to the internal pressure. Various 
ways of strengthening the walls have been employed 
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and were mentioned by the lecturer. Some idea of 
the relative ring- and temperature- stresses may be 
obtained from the following figures given by Mr. 
A. D. Bruce for a 40-in. cylinder: 

i I Tension in lb. per sq. inch 
due to 

: Thickness ot I 
!, Cylinder Wall. 

1
------I-R-i_no_cr _s_tr-es_s._, 

2 in. sooo 10,630 
I 

3·5 in. 28oo 18,6oo 
I 

Temperature affects the design of pistons pro
foundly. Hopkinson has shown that a gas-engine 
piston rr ·5 in. in diameter, without water or oil 
cooling, may have a temperature-stress of tension at 
the outside rim amounting to 7·5 tons per sq. inch. 
Hence, for larger diameters, cooling arrangements 
have to be adopted. Such arrangements-except in 
experimental engines-have not been successfully 
applied to pistons exceeding 33 in. in diameter. · 

A large mean effective pressure is desirable to 
reduce the weight of and the space occupied by the 
engine, and can be obtained by increasing the weight 
of oil injected per stroke if arrangements are made for 
reasonably perfect combustion. This requires an 
increase of oxygen packed into the compression space, 
and is known as supercharging. The method has 
been successfully worked to obtain higher powers 
with aeroplanes at high altitudes. It has been 
estimated that about 50 per cent. more indicated 
power may be obtained by supercharging, but a 
deduction of about 10 per cent. must be made for the 
power required, leaving a net gain of 40 per cent. It 
cannot be said that supercharging has advanced very 
far at present, except in two-stroke engines, but it 
may be expected to produce great improvements in 
the future. 

Among other matters dealt with by Capt. Rial! 
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Sankey is the question of compounding. A group of 
American engineers, headed by Mr. Sperry (of gyro
scope fame), has been working on this subject for 
thirty years. Complete success with a small engine 
was reported in rgi8, but Capt. Riall Sankey stated 
that he was not aware whether any large engine has 
yet been made or is under construction. In the small 
engine the mean effective pressure in each cylinder was 
330 lb. per sq. inch, and the weight of the engine was 
about o·I that of an ordinary engine. The mechanical 
efficiency was said to be extremely high. 

Capt. Riall Sankey, in concluding his lecture, urged 
the necessity for co-operation in research, and offered 
his appreciation of the work done at the Admiralty 
Research Laboratory and so freely communicated in 
papers read before the Institution of Naval Architects. 
The outstanding problem for the merchant marine is 
the production of a low-speed engine of much greater 
power than at present possible, and of lighter weight 
per B.H.P., but before this can be solved the many 
subsidiary problems discussed in the lecture must be 
solved satisfactorily. 

Tertiary Floras.1 

DR BERRY continues to add to his vast series of 
researches into the Upper Cretaceous and Tertiary 

floras, a subject which has long been somewhat 
neglected in Great Britain. The question of the 
evolution of angiosperms is almost the greatest out
standing problem of pal<eobotany. We have practi
cally no light upon it as yet; all that can be done is 
to record the history of the class as accurately as 
possible, and to this history Dr. Berry has long been 
the most indefatigable contributor. 

The present memoir deals with a Middle and an 
Upper Eocene flora of North America, the former 
known as the Claiborne, the latter as the Jackson 
flora. The author had previously described the much 
richer Lower Eocene Wilcox flora. The Wilcox 
includes 350 known species, while from the Claiborne 
on! y go, and from the Jackson I 3 3 are recorded. 
These differences appear to be due rather to the 
conditions of deposition than to any poverty of 
vegetation in the later periods. 

The Claiborne deposits extend at intervals from 
Georgia to south-western Texas; they are marine 
in origin, which helps to account for the scantiness 
of the remains. The plants include I fungus, 6 ferns, 
5 conifers, 8 monocotyledons and 70 dicotyledons. 
The largest family is the Laurace<e, of which I3 
species are recorded, while the Leguminos<e are 
represented by 8 and the palms by 6. Some of the 
species (a cypress and two laurels) are represented 
in the form of petrified wood, of which sections are 
figured. The same is the case with some of the 
Jackson plants, including a beautiful specimen of 
palm-wood. Most of the commoner species occur 

l The Middle and Upper Eocene Floras of South-eastern North America. 
By E. \V. Berry. United States Geological Survey. Professional Paper 
No. 92. Pp. zo6+65 plates. (Washington: Government Printing Office, 
1924.) 

also in the underlying Wilcox and the succeeding 
Jackson formations. Many of the genera had already 
appeared in the Upper Cretaceous. Among the 
dicotyledons only three families out of 27 are gamo
petalous. Two of the gamopetalous genera (Diospyros 
and Apocynophyllum) go back to the Upper Cre
taceous. Dr. Berry thinks that the Gamopetale<e 
were actually the last plants to appear, and that 
their wealth of species may only have been attained 
in post-glacial times. The comparative poverty of 
this group in trees and shrubs may, however, account 
for their rarity as fossils. 

The Jackson flora has a similar geographical 
distribution to that of the Claiborne beds. The I33 
species include 4 fungi, I liverwort (a Marchantites), 

· 4 ferns, I Equisetum, 2 or 3 conifers, IS monocoty
ledons, and Io6 dicotyledons. There are 8 palms, I2 
Leguminos<e, and no less than I6 Laurace<e. Among 
the Fagace<e, it is interesting to learn that the genus 
Dryophyllum is regarded as an " ancestral " stock, 
which gave rise to Castanea, Quercus, and other 
genera. One of the leaf-species is referred to the 
Proteaceous genus Banksia, now limited to Australia. 
Among the lime family there is a Grewiopsis, an 
ancient Upper Cretaceous genus, and also a Tilia of 
quite modern type. 

These few notes can give little idea of the abundance 
of information in this extensive memoir. It is 
splendidly illustrated ; most of the 65 plates portray 
the fossil specimens; a few show views of the localities, 
restorations, or analogous contemporary vegetation. 
One of the restored landscapes introduces animal life in 
the form of a Zeuglodon, an early and, to all appearance, 
ferocious whale. Dr. Berry is much to be congratulated 
on this fine memoir, his latest contribution to the 
subject to which his life has been devoted. 

The Royal Society Conversazione. 

ON :May I3 the first of the two annual conversaziones 
of the Royal Society was held in the Society's 

rooms, and numerous interesting exhibits and pieces 
of apparatus were arranged for inspection by fellows 
and guests of the Society. 

Among the exhibits from the British Museum 
(Natural History) were some oceanic angler fishes 
shown by Mr. C. Tate Regan (Department of Zoology). 
These fishes inhabit the middle depths of the ocean 
about soo to rsoo metres below the surface. The 
males have become dwarfed and parasitic on the 
females, to which they become attached probably 
soon after they are hatched, when they are relatively 
numerous. 

The Geological Department showed deinosaur 
bones from Tendaguru, Tanganyika Territory, a 
selection from the material sent home by Mr. vV. E. 
Cutler of the British Museum Tanganyika Expedition. 
The largest and smallest femora (4 ft. I in. and 
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2 ft. 6 in. long) belonged to sauropodous deinosaurs 
which inhabited the estuarine waters of a great river 
running from west to east. The other femur 
(3 ft. 4 in. long) was from one of the armoured and 
terrestrial deinosaurs, such as Omosaurus, which is 
found in the Jurassic of England. 

The National Institute for Medical Research had 
a demonstration showing a colour reaction for 
vitamin A (Dr. 0. Rosenheim and Dr. J. C. 
Drummond). A brilliant ultramarine- blue colour 
reaction is given when arsenic chloride is added to a 
substance containing vitamin A. The reaction has 
been adopted for the colorimetric determination of 
the growth-promoting activity of medicinal cod-liver 
oils and butter. 

The Cambridge Instrument Co., Ltd., showed, 
among other things, experiments with the Shakespear 
katharometer applied to the thermal-conductivity 
method of gas analysis. The instrument has small 
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