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days, and the blood volume also slightly increases. 
On returning to lower levels the blood volume rises 
and the hremoglobin percentage decreases, but neither 
returns to its original level until several days later. 

Dr. H. E. Roaf found. when the weight of the 
kidneys is expressed by a similar formula, that n is 
approximately r·5, and hence the body surface does 
not regulate the kidney weight. Possibly there is 
some reciprocal relation to the skin; or, like the blood 
volume of cold-blooded animals, the kidneys depend 
upon the mass of muscle in the body. 

In concluding this account of the section of physio
logy, we feel that some reference should be made to a 
new feature. The section was strengthened by 
having associated with it th-e first subsection of 
psychology. H. E. RoAF. 

GEODETIC OBSERVATIONS AND THEIR 
VALUE.l 

J T is not always the greatest inventions, or those 
which come most pmminently before the public, 

which effect the greatest revolutions in the field of 
practical science; it is often the perfecting of instru
ments that have been long in use which is chiefly 
responsible for progressive results of startling sig
nificance. For instance, in the scientific researches of 
chemical investigators, or in matters relating to 
pathology and meteorology, it is seldom that a fresh 
discovery is due to the invention of a new instrument; 
it is almost invariably the development of the power 
of assisting observation already existing in the old 
instruments which has effected new discoveries. This 
is peculiarly the case with modern instruments used 
in connection with geodetic work. It is the perfection 
with which the metal arc can now be graduated with 
equal divisions representing degrees, minutes, and 
seconds which has so greatly altered the conditions 
under which geodetic triangulation can be extended. 
The improvements effected in base measuring appa
x·atus is another factor in the rapid evolution of earth 
measurement and map-making all over the world; 
whilst the improved pendulum for the registration of 
the varying force of gravity, corresponding to the vary
ing conditions of density which obtain in the earth's 
crust, renders investigations into the science of isostasy 
more simple and more certain than could possibly 
have been anticipated, say, fifty years ago. 

These developments in the processes of advancing 
the practice of geodetic measurement over the surface 
of the earth are of more importance than is generally 
recognised, because the direct connection between 
geodesy and geography is not rightly understood. 
Geodesy is not a mere abstract science dealing with 
the shape or the earth and solving mathematical 
problems connected with its eccentricitv, or deter
mining the variable density of the earth's crust by 
careful investigations into the force and direction of 
gravity; it furnishes the basis and the framework 
of all that extension of earth measurement of which 
the final outcome is the map. Geodesy offers but 
little field for such form of illustration as will readilv 
fix it in the minds of men as a sound practical every
day working science essentially necessary for the 
economic and political advancement of civilisation. 

Geodesy began with the measurement of arcs on 
the earth's surface in various parts of the world by 
the process of extending a series of triangles along 
that arc from a measured base at one end of it. 
Rigorous accuracy was the dominant feature of such 
measurements. Tt.e measurement of a base a mile 
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or so in length was effected formerly by n:eans of 
"compensation bars " of a given whxch '':ere 
designed with infinite care and armed wxth m_echamsm 
for longitudinal, vertical, and transverse adjustment, 
and it was a most elaborate and lengthy process. 
The process was repeated at intervals, if the triangu
lation series was a long one, in order to ensure x·esults 
as near absolute accuracy in linear measurement as 
was possible. It took months to measure a base. 
Now it is found that by using a wire composed of 
"compensating" metals· and stretched along a series 
of cradles or supports, the same result can be obtained 
in about one-tenth the time. The Jaderin apparatus, 
which includes a wire 25 metres in length, affords 
the simplest means of obtaining accurate base 
measurement; but there is still an appreciable defect, 
due to varying conditions of temperature, which 
renders it necessary to compare the wires before and 
after use with a standard measurement. The Eotvos 
torsion balance represents, perhaps, the latest improve
ment in apparatus for the measurement of base lines. 

Independently of the base, however, the real secret 
of the facility with which strictly scientific geodetic 
triangulation can be carried over large areas of new 
country lies in the improvement in the art of graduat
ing metal arcs, which has rendered the comparatively 
light and portable 12-in. theodolite equal for purposes 
of rigidly accurate observation to the old 2-ft. or 3-ft. 
instrument of the past. In India, where one of the 
first and most perfect systems of geodetic triangula
tion has been carried out, it used to be necessary 
to call quite a large number of carriers into the field 
to convey the clumsy old instruments from one 
observing point to the next. Paths had to be cut with 
much labour and patience through the jungle; roads 
had to be smoothed out and carried up the sides of 
the hills. The expense would have been prohibitive 
but that labour was cheap in those days. The time 
occupied over the process of completing observations, 
even at only one station, frequently lengthened out 
into months. Nowadays there is a new generation of 
scientific observers educated in English schools, who 
need lose no time in carrying first-class work through 
the wild tangle of African hills and forests to deter
mine a boundary; or in threading their way with 
infinite patience by the rock-bound defiles and snowy 
heights of the Himalayas to a junction with Russian 
Surveys on the Pamix s. 

It has always been the aspiration of English sm
veyors to link up the magnificent survey system of 
India with that of Russia. To a certain extent this 
was effected by methods which cannot be accepted as 
scientifically regular during the progress of the Pamir 
Boundary Commission in r895. The surveyors did, 
however, actually close on a determined point common 
to buth surveys (it was the first boundary pillar at the 
eastern end of Lake Victoria) after carrying an inc
gular triangulation across the great snowy ranges of 
the north-west, and the resulting agreement between 
the two values was almost too good to be altogether 
satisfactory. The means did not justify the end. It 
was impossible to ascend the gigantic peaks of the 
intervening ranges within the limits of the time avail
able, and it was necessary, therefore, to be content 
with seeing across them here and there, under specially 
favourable conditions, instead of observing from them. 
Lately, however, a more regular and systematic 
attempt has been made to turn those ranges which 
cannot be crossed, and a direct series has actually 
bt;en driven round these gigantic buttresses of the 
north o,x to the Pamirs. The results of this extra
ordinary feat are not yet published, but they furnish 
an exainple of what may be attempted in these days 
bv the introduction of an improved class of compara
ti"vely small instruments. 
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Reference \Yas made in the address to the wide
spread increase of geographical knowledge during the 
last twenty-five years, and to the appreciation of 
geography as a leading subject for education in the 
universities and schools of England. This was not 
to be accepted as entirely due to an appreciation of 
the fact that the study of geography is an absolute 
necessity in face of the world-wide competition for 
commercial supremacy, or of political discussions 
involving the destiny of nations, or even in the field of 
the military campaign where geographical knowledge 
spells success. The effect of new facilities in the 
matter of locomotion counts for much in this stirring 
up of public interest in geography. People move 
rapidly, and they move widely and in ever-increasing 
numbers, and, to a great extent, they now study the 
map to know how and where they a re going. The 
motor-car and the bicycle are responsible fot· much of 
this newly acquired interest in geography, and the 

of the British Isles, and, in a less degree, 
of the Continent, is now familiar to thousands who 
would never have looked at a map fifty years ago. 
It i' satisfactory to obsen·e that the widespread know
ledge thus distributed amongst the millions has be
come specialised with those whose business it is to 
conduct either political or military campaigns. 

The very first element in the acquisition of geo
graphical knowledge is the proper and correct use of 
technical geographical terms. In the course of the 
address instances were given of the disastrous results 
which may follow the use in political agreements of 
vague and loose geographical definitions or of the names 
of places the existence of which was not properly 
authenticated. The Russo-Afghan boundary settle
ment of 1884 was cited as an instance of the latter 
error. That boundary commission has become his
toric;:!l owing to the occurrence of the " regrettable 
incident" at Panjdeh, when a Russian force displaced. 
the Afghans and secured an advance of the Russian 
frontier thereby which was nevet· disputed by our 
Government, in spite of the fact that the joint com
mission was to effect a peaceable settlement of an 
international question. The Gladstone Government 
came to an end, and Lord Salisbury became Prime 
Minister just at the critical juncture when the success 
or failure of the mission hung in the balance. The 
Russian Commission took the field, and the settle
ment of the boundary proceeded. Then there ensued 
a useless and most expensive hunt, which lasted for 
months, in order to determine where on the Oxus 
a certain "post" existed, which was rendered an 
obligatory point in the boundary agreement, and 
which was nowhere to be found. Thousands of 
pounds were spent over that futile quest, which ended 
in the discovery that if such a "post" as that de
scribed in the protocol had en·r existed at all it had 
disappeared long ago into the river-bed-so long ago 
as to be beyond the recollection of the oldest local 
authority. The prolongation of the Commission's 
stay in Afghanistan was not only expensive; it was 
dangerous, inasmuch as the temper of the Amir at 
that time was most uncertain. Moreover, the Russian 
Government \vas then to be as little trusted as that of 
Afghanistan. Useless delay was on every account to 
be avoided. 

A wrong application of elementary geographical 
terms was jnstanced in the settlement of the eastern end 
of the same Russo-Afghan boundary in 1895· It was a 
matter of urgent importance that this bounaary should 
be settled in the Pamir region in the short season 
which elapsed between the opening of the passes in 
the spring and the closing of them by snow in autumn. 
There was no reason to anticipate delay or difficulty 
arising from the determination of the geographical 
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position set out in the political agreements. As in 
the case of the "Penjdeh" boundary, a scientific basis 
for that position had been carried from India to the 
scene of action, and the Russian men of science 
accepted the data of the English surveyors. Trouble 

1 came only when the boundary as defined in the agree
ment was to be carried in an easterlv direction from 
a certain ascertained point to the Chinese frontier. 
This was the crucial point of the boundary inasmuch 
as it covered those passes which were supposed to 
lead from Russia lndiawards. It was the "easterly 
direction" which caused the trouble. \Vas it to be 
accepted as a little east of north, a little east of south, 
or due east? No agreement with the Russian repre
sentatives could be arrived at, and business came to 
an end. There was every prospect of a long and 
risky winter sojourn on the ''roof of the world " for 
the Commission. Luckily the possible deadlock had 
been foreseen, and the political translation of the 
term "easterly direction" had been requested in ad
vance. The answer came just in time to save the 
situation. The Commission was withdrawn (not with
out risk) over the passes, and the boundary 
region left to winter solitude. The 
.. foot of the hills" proved to be a stumbhng
block in the way of another important boundary 
settlement. 'What constitutes the "foot of the hills "? 
Is it where steep slopes end and the more gentle 
glacis, or fan, reaching down to the drainage line of 
the valley, commences, or is it that drainage line 
itself where all slopes end? The latter was once 
adopted as the free translation of that term, and so 
great was the indignation stirred up by that trans
lation that it seemed likely to end in war. 

Instances of want of appreciation of the slight 
(•lementarv knowledge of geographical definitions 
such as would save similar mistakes might be multi
plied, but, after all, the gt eatest losses in territory, or 
financially, have accrued from the actual want of 
properly authenticated map information when deter
mining international boundaries. No instance per
haps exists of a more forcible character than that of 
the boundary dispute between the two great South 
American Republics, the Argentine and Chili. Here 
a boundary dispute resulted from the framing of an 
agreement between the political representatives of the 
two countries without any preliminary examination 
of the geographical features of the country concerned. 
The boundary, according to this agreement, was to 
follow the main range of the Cordillera of the Andes 
which parted the waters of the Pacific from those of 
the Atlantic. There are "main " ranges in the 
southern Andes of quite sufficient importance to justify 
the conditions required, if they did but part the waters 
of the Pacific from those of the Atlantic. But the 
great rivers that emptied themselves into the Pacific 
had their sources in the flat plains of l\rgentiw· 
Patagonia, and traversed the Andes from side to side. 
The dispute involved quite a library of learned treatise,; 
on the subject, and cost the two countries quite 
120 millions in preparation for war before it was 
referred to British arbitration. 

It is therefore of universal national importance thai 
means should be provided for the determination of cer

absolutely fixed positions in their coordinate values 
of latitude and longitude if international boundarie.' 
are to be preserved. Great and impassable t·anges and 
rivers (if the rivers flow through permanent and 
rocky channels), broad deserts, and certain other 
natural features, such as well-marked water partings, 
may stand well enough for the dividing wall between 
contiguous countries, where they exist; but over flat 
and cultivated plains. the only lasting artificial 
boundary mark must be one the position of which is 
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so determined that there can be no room for dispute 
about it, even if it shollld be removed or perish 
through age. This is only to be effected by accurate 
survey work based ultimately on g eodetic triangula
tion, and it is this work carried out by British officers 
in so many parts of the world, with the aid of modern 
light and efficient instruments, which is gradually 
working out the boundaries of nations, and, incident
ally, carrying geographical mapping into the remotest 
regions of the world. The invention of a portable 
receiver for the transmission of signals by wireless 
telegraphy is likely to be of the greatest importance 
to these workers in remote geographical fields. Here 
again the perfecting of a minor form of installation 
for wireless telegraphy is rapidly leading to develop
ments of which we are at present only dimly conscious. 

What the Society of Arts can do in this special field 
of activity, after teaching people to believe in science, 
is to foster by all means in its power such aids to 
the progress of knowledge as are to be found in new 
inventions, new developments, and adaptations of 
instrumental means for observation and measurement 
in the endless process of collecting information. 

--------- -- ·-····- --

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

CAMBRIDGE.-Sir Arthur Evans has presented to the 
museum the last instalment of an interesting set of 
objects selected from the collections of his father, the 
la te Sir John Evans. The gift consists of 121 
specimens ranging in date from prehistoric times to 
the eighteenth century. The value of the collection 
is greatly enhanced by the fact that all the specimens 
composing it were found in Cambridgeshire and Lhe 
adjacent counties. 

Mr. C. S. Wright has been appointed University 
lecturer in surveying and cartography (Royal Geo
graphical Society lecturer). 

Dr. Assheton has been appointed University lecturer 
in animal embryology. 

THE new Gresham College in Basinghall Street, 
London, E.C., was formally opened by the Lord 
Mayor on December 15. Mr. Sheriff Painter, chair
man of the City side of the Gresham Committee, gave 
a history of the Gresham Trust, which, he said, came 
into operation in 1596 after the death of the founder, 
Sir Thomas Gresham, and his widow. Under Gres
ham's will seven lectureships were founded in divinity, 
a stronomy, music, geometry, civil law, physic, and 
rhetoric. For the first 200 years those lectures were 
delivered at the mansion of Sir Thomas Gresham, in 
the parish of St. Helen's, Bishopsga te, where Gres
ham House stood. The first Gresham College was 
opened in r843, and the lectures were delivered there 
until a few years ago, when as it became inadequate 
to present-day uses, it was demolished and the new 
building was erected. The building, which is larger 
than the old college, has a frontage to Gresham 
Street of about 71 ft. and to Basinghall Street of 
58 ft. The lecture hall and g allery will seat about 
430 persons. The hall is lined throughout with oak. 
Provision is made for a complete kinema tograph appa
ratus for use in the scientific a nd medical lectures. 
The building has cost about 34,oool. 

SPEAKING a t the National Libera l Club on the sub
ject of Liberalism and education, Lord Haldane said 
that when this nation came into existence as a great 
industrial nation it had practically no competitors. 
At that time dash and " go" and practical skill alone 
were required. Now the art of manufacture is linked 
with the science of education. It is a business which 
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is controlled by scientific principles, and woe will 
befall the country which is lacking in the scientific 
equipment necessary to enable it to compete with its 
more favoured rivals. In Germany a nd America great 
progress is being made in the realisa tion of the truth 
that, not only must young men and women be pre
pared from an early age if they a re to be made 
experts in their vocations in life, but that in their 
vocational training a large amount of g eneral educa
tion must be given. The question will have to be 
faced in this country, and the only point is whether 
the public will give to the educational movement that 
support without which no Chancellor of the Exchequer 
can make headway. An effort in the direction of 
higher education is necessary if this nation is to 
hold its own. Upon the same occasion Mr. J. .-\ .. 
Pease said that the view that education should be 
made compulsory up to the age of sixteen is an 
idea l which it is impossible to attain; but he hopes 
that the present limit may be raised to fourteen years. 

ARRANGEMENTS have been made for a large number 
of educational conferences in London early in the new 
year. Twenty-one educational a ssociations are co
operating in a conference to be held in the University 
of London on January 2-10, which will be opened by 
an address by Mr. James Bryce on "Salient Educa
tional Issues." Among the associations taking part 
may be mentioned the Geographical Association, of 
which DL J. Scott Keltie is the president, whose 
address will be, "Thirty Years' Progress in Geo
graphical Education"; the School Nature Study 
Society; the Association of Science Teachers; the 
Child Study Society; and the Associations of Teachers 
in Domestic Subjects and in Technical Institutions. 
The London County Council has arranged another 
conference of teachers, to be held at Birkbeck College 
from January I to 3· One of the six meetings is 
to be devoted to a consideration of the subject of 
mental fatigue, another to memory drawing, and 
two others to educational experiments in schools. 
The Mathematical Association will hold its annual 
meeting at the London Day Training College on 
January 7· Among the papers to be read in the 
morning we notice one by Prof. J. E. A. Steggall on 
practical mathematics in school. In the afternoon the 
president of the association, Sir George Greenhill, 
will give an address on the use of mathematics, and 
Dr. W. N. Shaw will speak on "Principia Atmo
spherica." 

THE governors of the Imperial College of Science 
and Technology, at their meeting on Friday last, con
sti tuted two new chairs of chemistry, and appointed 
two new professors-Or. Jocelyn Field Thorpe, 
F.R.S., professor of organic chemistry, and Dr. 
James C. Philip, professor of physical chemistry. 
Four years ago Dr. Thorpe was elected to the Sorby 
research fellowship of the Roya l Society, which he 
has held at the University of Sheffield . He was 
formerly research fellow and lecturer in chemistry 
at the University of Manchester, a nd received his 
earlier tra ining partly in London, a t the Royal Col
lege of Science, and partly in Germany, where, at 
Heidelberg-, he studied under Victor Meyer and Prof. 
Auwers. Dr. Philip has been on the staff of the 
Imperial College for some years la tterly as an assist
ant professor. He is well known for his work on 
physica l chemistry, and is now one of the secretaries 
of the Chemical Society. He is a g-raduate of Aber
deen and Gottingen Universit ies. The department of 
chemistry in the Imperial College has now four pro
fessors-Prof. H . Brereton Baker, F.R.S., who is 
professor of chemistry and director of the laboratories; 
Prof. W. A. Bone, F.R.S., professor of chemical 
technolog y (fuel and refractory ma teria ls), together 
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