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The last two chapters are on the causes of the 
struggle and nature's laws; they are somewhat dis
cursive, and are not very helpful towards a better 
understanding of the subject. 

The illustrations are from photographs and are well 
done; one of a fisherman is reproduced here. 

ATMOSPHERIC CIRCULATION OVER THE 
TROPICAL ATLANTIC.' 

THE general circulation of the atmosphere provtaes 
meteorology with one of its most fascinating 

problems, because the details must ultimately be known 
by observation, while the theoretical results 
hitherto obtained cannot, with reasonable values for 
friction, be made to agree quantitatively with the 
observed motions. In the region of the tradewinds, 
the average conditions persist with sufficient regularity 
to make them the necessary basis of any windchart 
and a fundamental criterion as to the general truth 
of the conclusions deduced hydrodynamically on the 
assumption of a known distribution of temperature. 
It was for a long time confidently believed that above 
the tradewinds themselves, at no very great heights, 
there prevailed a countercurrent, as steady and regu
lar in its main features as the wind beneath it. Every 
schematic representation of the circulation by Maury, 
Ferrel, James Thomson, though differing in other 
features, agreed in this one, and the conclusions 
drawn by Hildebrandsson from the observations of 
clouds supported them. 

It was therefore a surprise when Prof. Hergesell 
reported in 1904 that observations made over the 
Atlantic on the Prince of Monaco's yacht, Princess 
Alice, had revealed the existence of an apparently per
sistent and extensive N.W. wind above the N.E. trades. 
The conclusion was based on observations made dur
ing the course of one summer only, but the different 
observations were sufficiently concordant to give 
Hergesell confidence in the conclusion. Clearly such 
a N.W. wind could not prevail around the whole 
tropical belt because the flow of air southward in the 
trades must be balanced by a corresponding flow north
wards. It is, moreover, impossible to devise a scheme 
of pressure distribution which would satisfy the 
elementary principles of atmospheric motion, and per
mit of N.W. winds at all points on a parallel of lati
tude. The view was therefore received with some 
scepticism, and in order to obtain further, and, if 
possible, conclusive evidence on the point, M. L. 
Teisserenc de Bort and Prof. Rotch organised a more 
systematic investigation of the conditions over the 
Atlantic, and the results of the observations made on 
voyages in 1905, 1906, 1907, are published in the 
present volume. In 1905, 1907 the observations were 
made solely in the N.E. trades in the summer months, 
July, August, and in 1907 in September also. In 
1906 two separate expeditions were made, the first in 
February in the N.E. trades, the second from May 
to the middle of August, in the region between the 
Azores, 38° N ., and Ascension, 8° S. The actual 
observations were made by Prof. H. H. Clayton and 
M. H. Maurice and other assistants. 

The first quarter of the book is devoted to descrip
tion and discussion. In an introductory chapter of 
fourteen pages, the authors refer briefly to the reasons 
which induced them to undertake the work, sum
marise the results obtained, and add some notes on 
the boat, the Otaria, a "fish carrier," and on the 
methods employed. They express their thanks to the 

I "Travaux Scientifiques de l'Observatoire de Meteorologie Dynamique 
de Trappes, avec la collaboration de l'Observatoire de Blue Hill." " TraM 
vaux de l'Atmosphhe Marine par Sondages Ac!riens Atlantique Moyen et 
Region Intertropicale." By MM. L. Teisserenc de Bort et A. L. Rotch. 
Pp. 243+xvii plates. (Paris: Gauthier Villars, rgog.) 
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Admiralty, who, at the request of Dr. Shaw, readily 
undertook to supply coal to the Otaria at Ascension, 
where tfiere are no private supplies, but it is rather 
humiliating to reflect that this represents the total 
contribution of England to these recent investigations 
over the Atlantic. 

M. H. Maurice, assistant at the Trappes Observa
tory, who accompanied the expedition, contributes a 
long article of thirtysix pages, giving the history of 
the investigations and details of the methods used. 
The article is illustrated by many photographs taken 
on the voyages. Some of these are useful in helping 
the reader to understand the procedure adopted for 
making ascents, and others, such as the photographs 
of clouds, form a contribution to meteorologiCal art, 
but it is difficult to see the special meteorological 
significance of a photograph of a "Group of Women 
and Children" at the Cape Verde Islands. 

A short notice of seven pages by Prof. H. H. Clay
ton deals with the meteorological conditions in the 
region of the tradewipds up to heights of 2ooo 
metres. It is based upon results obtained during the 
voyages of 1905, 1906, and is accompanied by a series 
of diagrams showing the distribution of humidity 
and temperature at different heights and latitudes. 
One of the most interesting features is the relatively 
warm and dry body of air at an altitude of about 1000 
metres, which was found in every month between 
latitudes 15° and 30° N. The paper is an example 
of concise discussion, and it is to be regretted that it 
does not embrace the whole of the observations for 
all heights reached. 

The remaining threefourths of the book contain the 
results of the individual ascents, together with plates 
illustrating the routes followed in the different expedi
tions, and showing the character of the observed 
motion at different places for heights up to 20 kilo . 
metres. These results are proving of the greatest 
value, not only for dealing with the problems which· 
the authors set out to solve, but in connection with 
such questions as the motion in the stratosphere in 
the equatorial regions and the gradient of pressure 
at high levels. 

The general conclusion drawn from the observations 
is that the N.E. tradewinds form a layer the mean 
height of which is only 1000 metres; above this comes 
a region where the wind has still a northerly com
ponent, and usually blows from N.W. These N.W. 
winds are, however, not found further south than lat. 
20° in summer, which is about 12° north of the region 
between the two systems of tradewinds. Above the 

of N.W. winds, antitrades prevail, beginning 
at a height of about 3000 metres near the Canaries, 
lat. 30° N., and at 18oo metres, near Cape Verde 
Islands, lat. 15° N. They blow from S.E. near the 
equator, changing gradually through S. to S.W., near 
the northern limit of the tradewinds, and finally 
passing over into westerly winds in the latitude of tl;te 
Azores. The N.W. winds discovered by Hergesell 
appear to be a prolongation over the trade
wind region of a current from higher latitudes, similar 
to that indicated by James Thomson, and attributed 
by him to "a revolutional momentum brought from 
equatorial regions and not yet exhausted." The inter
tropical circulation is therefore in its main features 
in agreement with the views held by the majority of 
meteorologists before any actual investigations by 
means of kites and balloons had been undertaken. 
It is extremely gratifying that the authors have been 
enabled by this prolonged series of observations to 
reach definite conclusions where previously nothing 
but plausible hypotheses existed. It is earnestly hoped 
that the investigations will not end here, but that a 
united effort will be made to obtain observations 
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simultaneously along a parallel of latitude, and, if 
possible, to combine these with regular .series of 
ascents at places distributed as nearly as posstble along 
a meridian. When this has been done a firm founda›
tion for a survey of the atmosphere will have been 
laid. 

There is a certain lack of coherence about the pre›
sent work, so that although each individual contribu›
tion is excellent, the collection does not reach the 
same standard. Something of this kind is perhaps 
inevitable where different authors, separated from each 
other bv the Atlantic, undertake to write different 
sections• of a scientific report which are closely related 
to each other, and require to be published without 
undue delay. E. GoLD. 

PRECISION OF LEVELLING OPERATIONS. 1 

T HE volume referred to below, containing the 
account and discussion of the precise levelling 

operations in India from 1858 to Igog, is published at 
an opportune time. The revision of the main lines 
of levels in this country and the establishment of 
really permanent bench marks is, we understand, a 
task that our Ordnance Survey intends to take up 
at an early date. The experience gained in the 
Indian work as recorded in this volume cannot fail 
to be of great value. 

As with any other physical measurement, we find 
in the case of levelling that increased precision means 
that problems unimportant or often unthought of 
in earlier days rise to prominence and demand solu›
tion. Thus at the very outset of the subject we are 
confronted by a question of what do we 
mean when we say that two pomts are at the same 
level? Do we mean that the .distance of each point 
from the surface which would correspond with the 
mean sea surface, assuming the land to be removed, 
measured along the normal is identical, or do we 
mean that our two points lie on the same equipotential 
surface? The former definition gives us the socalled 
"orthometric " height, while the latter gives what has, 
perhaps not very happily, been called the "dynamic" 
height. 

Thus consider the case of a lake. The dynamic 
height of every point on the water surface is evidently 
the same, but the actual vertical distance above sea›
level varies from point to point, the rate of variation 
being a maximum along a north and south line and 
zero, if we exclude secondorder distortions of the 
spheroid, along an east and west line. 

Authorities vary as to which system is on the whole 
the more convenient for practical use, so that the 
Indian Survey has followed the safe plan of printing 
both values. We may, however, venture the remark 
that a convention which assigns different "levels " to 
different points upon the surface of still water is 
repugnant to a very large class of practical men, 
namely, the engineers. The difference between the 
heights of a station, measured on the two systems, 
amounts to a maximum of nearly two feet in the case 
of Bangalore, 3000 feet above the sea, a figure which 
would obviously be largely exceeded if the levelling 
were extended to regions of great elevation, and if 
the mean latitude were differently selected. It is not 
quite clear in choosing; a mean latitude of 24° for 
the zero of their dynamic heights, and thereby making 
the system valid only for India, that the Survey 
experts have adopted the best course. It is an argu›
able question, which we merely mention here without, 
be it understood, expressing any definite opinion, 

1 "Acconnt of the Qp .. rations of the Great Trigonometrical Survey of 
Indirt," Vol. xix., LeveHing of Precision in India (z8s8-1gog). By Colonel 
S. G. B·1rrard, R.E., F.R.S. Pp. xiii+484+xviii plates. (Debra-Dun: 
Office of the Trigonometrical Survey of Tndia, 1910.) Price 10.8 rupees. 
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whether, if dynamic heights are to be used at all, they 
should not be based upon a universal datum, and 
therefore referred to a mean latitude of 45°. 

The discussion of the level errors is of great interest 
and importance. The conclusion ::rrh:ed at _is tha.t for 
the Indian work the error of a ctrcmt vanes netther 
directly as the length nor as square. root of .the 
length, but in accordance wtth an mtermedtate 
formula:

Error in feet= v(o•oo4) 2 M+(o•ooo34) 2 :VP, 

where M is the distance in miles. 
This gives onetenth of a foot for a line of 235 miles, 

and one foot for about 28oo mil s, a very satisfactory 
degree of precision. 

The importance of both l.><l,j:;curate and permanent 
bench marks is rightly ins\$ted upon. Many cases 
have been found where the marks have moved, and 
obviously no can be drawn as to 
or subsidences 111 the earth’s crust unless the stabthty 
of the bench marks is beyond suspicion. 

E. H. H. 

DR. HENRY TAYLOR BOVEY, F.R.S. 

W E announced with regret last week the death 
of Dr. H. T. Bovey, late rector of the Imperial 

College of Science and Technology, and formerly 
dean of the faculty of applied science in McGill 
University, Montreal, which occurred at his residef!ce 
in Eastbourne on February 2. The funeral servtce 
was held at St. John’s Church, Eastbourne, on 
February 6 and his remains were interred in East›
bourne Cen’tetery. 

Dr. Bovey was born at Torquay in 1852, and after 
being educated in a local school, entered Queens’’ 
College, Cambridge, in 1870. He graduated in I8z3 
as twelfth wrangler, and was elected a fellow of hts 
college in 1876. He entered the profession of 
engineering, and joined the staff of the .Mersey Docks 
and Harbour Board. Whilst at Liverpool he took 
part in founding the Liverpool Society of Civil 
Engineers, and he had every reason to look forward 
to a prosperous professional life in England. But an 
accident occurred which gave his life a new bent, 
and afforded opportunity for a brilliant career 
where. Like the best type of Cambridge honours 
man, Dr. Bovey was a keen supporter of athletics. 
Whilst taking part in a game of football, he was 
thrown down’ and had several ribs broken. He made 
a good recovery, but one lung had been slightly 
injured, and he was advised to spend the next wintel 
in a dry climate, lest the wound should become a 
focus for pulmonary disease. He therefore accepted 
from Sir William Dawson, principal of McGilt 
University, the offer of a chair in civil engineering 
and applied mechanics, but declined to bind himsell 
to hold this post for longer than a year. 

vVhen Dr. Bovey arrived in Montreal in I88r, he 
found that his post was indeed a sinecure. Not only 
was there no laboratory of any description, but h:is 
chair was attached to the "Arts " facultv, and hts 
subject had to compete with subfects as .an 
option for a degree. At that time 111 McGtll the pnn›
cipal qualification for the success of an optional sub›
ject was constituted by its claims to be considered 
a "soft snap," i.e. by demanding light work and 
having easy terminal examinations. The mathe. 
matical teaching provided by the Universitv was quite 
unsuited to engineering students, and Dr. Bovey’s 
efforts to have ii: modified met with no success. Next 
year, therefore, Dr. Bovey resigned his chair, and was 
about to return to England, but he was pressed by 
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