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second meaning to the word 'technical', which reads 
"the formal and mechanical part of an art". In this 
sense, of course, a technical school is not a proper 
part of a university, because a university does not 
and cannot limit its interest to mechanical skill how
ever important this may be. The university teaches 
its students why a thing is done, while such a technical 
school teaches him how a thing is done. Or, in other 
words, the university inculcates a method of thought, 
whereas this type of technical school develops a special 
skill. This distinction does not depend on the subject
matter which is being taught, but is based on the 
manner in which it is being taught. 

The highest form of education consists in encour
aging a man to ask questions. Perhaps as a lawyer 
I am naturally interested in this method of education, 
because the famous cross-examiners in the history of 
the courts of Great Britain have not been those who 
scattered questions wholesale, but those who knew 
how to direct their examination to the salient point. 
It may have been his legal training which encouraged 
Lord Haldane to place so much emphasis on the 
search for truth. It is interesting to note that in his 
essays he twice makes the same reference to the 
German philosopher Lessing. He said : "It was 
Lessing who declared that were God to offer him the 
Truth in one hand and the Search for Truth in the 
other, he would choose the Search. He meant that, 
just as the Truth never stands still, but is in its nature 
a process of evolution, so the mind of the seeker after 
it can never stand still. Only in the process of daily 
conquering them anew do we, in this region also, 
gain life and freedom". But this life and freedom 
of the mind cannot be gained without a struggle. 
The years which a man spends at a university should 
be those in which he is prepared, as was his medieval 
brother, to put forth every effort. This inquiring 
mind requires intellectual courage, because every 
question is a kind of adventure and in the nature of 
a challenge. The man who does not feel a sense of 
excitement when faced with such a challenge has no 
place in a university. 

That brings me finally to the most difficult problem 
with which the universities throughout the world are 
faced to-day. Ought we to admit all those who are 
seeking to enter our doors ? The recent development 
of the natural sciences has been one of the causes 
which has brought about an astonishing increase in 
the number of applicants ; but there seems to be an 
almost equal demand in the other subjects. This is 
admirable in so far as those students who are seriously 
seeking a university education are prepared to 
undergo its discipline; but it is dangerous if what 
they hope to receive is nothing more than a mech
anical training. If we in the universities lower our 
standards, we shall be sacrificing an essential part of 
our civilization. But if we make it clear that we are 
maintaining our standards, then we ought to exclude 
no one who wishes to receive a university education. 
We ought so far as possible to take as many students 
into our existing universities as they are capable of 
receiving, and if necessary we ought to be prepared 
to increase the number of the present institutions. 
It is sometimes said that if we increase the student 
population then we will not be able to find a sufficient 
supply of adequate teachers ; but here as elsewhere I 
believe that the supply will be able to satisfy the 
demand, if they are paid an adequate stipend. It is 
also said that if the number of university graduates 
is increased then they will find difficulty in obtaining 
employment. This will be true only if university 

education is inadequate, because, as Lord Haldane 
emphasized again and again, there is no field in which 
the university man ought not to take a leading part 
if he is adequately trained. This means that at the 
universities we must not be afraid to teach those 
subjects which may be said to be of practical value. 
It is how we teach and not what we teach that makes 
a university. No one would advocate a university 
course in cooking ; but if we regard it as the science 
of dietetics, then it is obviously of the greatest 
importance to the life of a nation. Mr. Justice 
Holmes, of the United States Supreme Court, once 
said that a university law school was a school in 
which law was taught in the grand manner. That 
grand manner can be applied to other subjects. I 
think that it is interesting to find that in recent 
years the Harvard School of Business Administration 
has become of major importance in American com
mercial life. Ought we not to consider the establish
ment of a similar institution in London, which is the 
centre of the banking and commercial life of the 
world ? Why, for example, should we be ready to 
teach company law at a university, but ignore the 
system of accounting with which that Jaw is so 
intimately concerned? We should regard all forms 
of human knowledge as our province, even those 
which are of practical value. 

To-day there is no branch of social or economic 
life which can rest solely on experience. In facing 
the changes which are inevitable we must depend on 
the adventurous, inquiring mind, which has also been 
trained to be accurate. It is the function of the 
university to develop men of that calibre. I believe 
that Lord Haldane was right when he demanded, 
fifty years ago, that we should have more university 
students in Great Britain, so that they could \lOmpete 
with the university-trained manufacturers and indus
trialists in other countries. '!'hat is a duty which the 
universities cannot ignore. It is not enough, as he 
said, for the scholar to look down on those engaged in 
the battle of life. He must be prepared to play an act
ive part himself. I cannot do better than to close with 
the words Lord Haldane used in his rectorial address to 
the University of Edinburgh in 1907: "Rather does 
the University exist to furnish forth a spirit and a 
learning more noble-the spirit and the learning that 
are availa.ble for the service of the State and the 
salvation of humanity. The highest is also the most 
real ; and it is at once the calling and the privilege 
of the teacher to convince mankind in every walk of 
life that in seeking the highest of its kind, they are 
seeking what is also the most real of that kind. 
Whatever occupation in life the student chooses, be 
it that of the study or that of the market-place, he 
is the better the greater has been his contact with 
the true spirit of the University". 

INTERPRETATION OF GRAVITY 
ANOMALIES 

A GEOPHYSICAL discussion on this subject 
arranged jointly by the Royal Astronomical 

Society and the Geological Society was held on 
February 22, with Dr. G. M. Lees, president of the 
Geological Society, in the chair. The principal con
tributors were B. C. Browne, P. Evans and N.· L. 
Falcon; and Dr. T. C. Richards, Brigadier E. A. 
Glennie, Dr. J. de Graaff Hunter, Dr. J. Phemister, 
D. R. Brown, Dr. A. H. Cook, Dr. R. Tomaschek, 
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Prof. S. H. Hollingworth and M. W. Strong took 
part in the discussion. 

Mr. B. C. Browne gave a general description of the 
distribution of the major anomalies of the earth's 
gravitational field. The earth is an oblate spheroid, 
and calculation shows that the figure of the earth is 
nearly the same as for a self-gravitating liquid sphere 
in rotation, the value of g at the equator being less than 
that at the poles. The earth's surface is divided into 
continents and oceans : about one-third of the former 
above sea-level averages 840 metres in height, and 
.one-half of the latter is deeper than 3 ·8 km. Since 
water has a density of 1 and rock approximately 2 ·7, 
we should expect g over oceans to be about 300 
milligals less than over continents, but in fact the 
gravity is almost exactly the same over both. On a 
freely rotating body the average value of gravity over 
the two hemispheres must be equal, hence g over the 
Pacific must be equal to g over the opposite hemi
sphere, which indicates more mass below oceans than 
continents. The process of mass compensation is 
called isostasy. 

In addition to the evidence that major features - 
oceans and continents- -are compensated by having 
different types of crust, gravity surveys have shown 
that large topographic features- mountain ranges and 
sedimentary basins- are normaIJy compensated by 
variations in thickness of the crust. If they are not, 
strains in the crust will result and tectonic movements 
are to be expected ; but in normal quiescent condi
tions isostasy is expected to hold over large regions. 
The two main interpretations of the isostatic theory 
are by Pratt and Airy, and depend on whether a 
mountain range is supported by having a lighter rock 
column to a depth of about 100 km. than under the 
plains on either side, or on whether a mountain range 
has roots of light rock protruding downwards into a 
denser medium. By making these assumptions, the 
reason for gravity deficiency under many mountain 
ranges can be understood. 

The gravitational field in the United States has 
recently been analysed by Dr. Tsuboi, of the Geo
physical Institute, University of Tokyo, and, by a 
system of harmonic analysis of comparing components 
of topography and gravity, he concludes that those 
with wave-lengths greater than about 320 km. show 
correlation. Shorter wave-lengths do not. This 
result is in general agreement with those of Vening 
Meinesz, who deduced a diameter of regionality of 
about 300 km. for the compensation of the Hawaiian 
Islands. 

The conclusion is that major features (oceans, 
continents) are compensated by different types of 
crust and that large t opographic features (mountain 
ranges, basins) are normally compensated by varia
tions in thickness of the crust. 

Mr. P. Evans described how in areas of thick 
sediments of low specific gravity, as in Eastern India 
and Burma, a correction can be made to compensate 
for varying thicknesses of these light sediments over 
a metamorphic basement. Such geological corrections 
can amount to 7 5 milligals, but, even after they are 
made, large anomalies remain along the Himalayan 
and Burman mountain front. Mr. Evans thought 
that the isostatic theory of Pratt- and India is its 
birthplace-is entirely unrealistic in its geological 
conception and in its treatment of compensation of 
topographic features. The theory, despite its lack of 
geological or physical plausibility, has been developed 
by Hayford and Bowie and applied to many parts of 
the world, and calculations on the exact depth of 

compensation are merely mathematical fantasies. 
The theory of Airy, Mr. Evans continued, is much to 
be preferred, as geologists expect mountain ranges to 
be associated with some change in mass distribution 
at depth. He objected to the assumption that an 
isostatic correction which reduces an anomaly is a 
desirable one regardless of its physical meaning. A 
geological correction, however, should be first applied 
whatever its effect. 

Mr. N. L. Falcon discussed the value of detailed 
gravity surveys in areas where geological conditions 
are partly known and partly unknown, provided 
there is a chance that the problem is amenable to 
gravity interpretation. Extensive gravity surveys 
have been carried out in Great Britain in the search 
for oil , and in concealed Carboniferous areas correc
tions can be made for the thickness of the uncon
formable cover. After this is done, the resultant 
gravity anomalies indicate the Carboniferous struc
tures. The Formby area in Lancashire is an out
standing example of the value of gravity work for 
solving a local problem, predictions having been 
confirmed by subsequent drilling. 

Dr. T. C. Richards thought that isostasy is true in 
some parts of the world but not in others ; some 
recent work in New Guinea indicates that isostasy 
can apply in the mountain belt, but along the north 
coast results are inconsistent. In Persia the mountain 
belt does not seem to be isostatically compensated. 

A method whereby residual anomalies can be 
found by removing the regional effect was described 
by Mr. D.R. Brown. The Hayford- Bowie isostatic 
reduction, although geologically unreasonable, does 
not differ much from those of Airy-Heiskanen or 
Vening Meinesz, the isostatic anomalies all showing 
the same main features. There are some regional 
trends which cannot be explained on any isostatic 
hypothesis. 

In summing up, Dr. G. M. Lees said that in con
tinental areas there are so many exceptions where 
the isostatic principle does not apply that he doubted 
its validity. Some mountain ranges show gravity 
deficits, others the reverslcl . The large positive ano
malies of Cyprus and in the Oman mountains of 
Arabia, for example, cannot be explained on any 
theory of isostasy. To some extent the problem 
turns on the strength of the earth's crust and the 
degree to which additional loading can be supported. 
One frequently quoted support for isostasy is the 
assumption that the recent rise of Scandinavia is the 
consequence of the disappearance of the great Ice 
Age ice burden. This is a most unsafe deduction. 
Few coastlines in the world are static ; they are 
either rising or falling, but for no ascertainable 
reason and certainly not because of the removal or 
addition of a recent burden. It is commonly asserted 
that a sedimentary basin sinks isostatically because 
of its load of sediments, but, said Dr. Lees, is it not 
rather that the sinking from some quite different 
cause has allowed the sediments to accumulate ? 
He believed that crustal deformations are the 
consequence of contraction of the earth and not of 
convection currents in an imagined sima. The 
contraction may be due to heat loss, perhaps combined 
with some physical phase-modification at depth, as 
the high-pressure researches by Prof. P. W. Bridgman 
suggest to be possible. 

As an aid to geological exploration, gravity surveys 
have proved to have considerable value where con
ditions are favourable ; but their interpretation 
inevitably requires assumptions which may or may 
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not be valid, The principal value is in detecting local 
anticlinal structures in areas of thick sedimentary 
cover ; but attempts to use the results for regional 
analysis are often unsuccessful owing to the difficulty 
of differentiating the effect of a changing thickness of 
sediments from that of a deeper-seated regional cause. 

The development of portable gravimeters during 
recent years has led to a notable increase in gravity 
surveying throughout the world. A vast amount of 
new and important information is coming forward, 
and much of it still awaits adequate geological and 
geophysical analysis and interpretation. 

LARGE-SCALE MOTIONS OF 
IONIZED CALCIUM IN THE 

ATMOSPHERE OF A GIANT STAR 
By A. McKELLAR and G. J. ODGERS 

Dominion Astrophysical Observatory, Victoria, B.C. 

and L. H. ALLER and D. B. McLAUGHLIN 
Observatory, University of Michigan, Ann Arbor, Mich. 

T HE star 31 Cygni, magnitude 4·0, was announced• 
in 1898 as having a composite spectrum, and was 

later found by W.W. Campbell• to be a spectroscopic 
binary. In 1936 W. H. Christie3 obtained an approx
imate spectrographic orbit for the brighter com
ponent, and in 1944 Miss Vinter Hansen• published 
a more definitive orbit. The system consists of a cool 
giant K-type star and a relatively small hot B-type 
star, which revolve about their common centre of 
gravity in a period of about 3,800 days. (The K5 
component, with its minimum diameter of 150 times 
that of the sun and an absolute magnitude (judged 
by spectroscopic criteria) at least as great as - 1, 
should probably be classed as a supergiant. However, 
for convenience, it is referred to as giant star in this 
account.) In 1950, D. B. "McLaughlin• reported that 
three spectrograms, obtained in 1941, indicated an 
atmospheric eclipse of the B-star. 

It is rare to find eclipsing binary stars with com
ponents differing widely in temperature but of equal 
brightness at some wave-length in the ordinary 
photographic region. Only three were known pre
viously, namely, ~ Aurigre, VV Cephei and 32 Cygni. 
Their special importance arises from the fact that 
the hotter component is relatively small. Thus, as 
this component, exhibiting an almost continuous 
spectrum, travels behind the atmosphere of the giant 
star, it provides effectively a point-source probe for 
analysing the extended atmosphere by means of 
absorption spectroscopy. We can now say, anticipat
ing the 1951 results outlined below, that the primary 
star of 31 Cygni has a diameter at least 150 times 
that of the sun. Its atmosphere extends at least 
another 150 solar diameters from its surface. The 
small B-type component has a diameter only about 
five times that of the sun. 

The available evidence predicted an eclipse of 
31 Cygni late in 1951. Spectrographic observations 
made at Victoria, B.C., with the 72-in. reflector and 
at Ann Arbor, Michigan, with the 37-in. reflector, 
showed atmospheric eclipse effects by June I, 1951 ; 
these increased, slowly at first, but rapidly from late 
in July, until total eclipse began on August 12. The 
small hot star emerged from totality on October 12, 
and the spectrographic phenomena of the ingress 
took place again in reverse order ; on January 8, 

1952, a faint chromospheric K-line still appeared in 
the spectrum. 

Both at Victoria and Ann Arbor good series of 
spectrograms were obtained, due to the full co
operation of all observers at both observatories. 
Detailed information on the spectrograms need not 
he given here. It is sufficient to state that, in general, 
the Victoria plates were obtained with greater 
resolution, a grating spectrograph giving 4·6.A./mm. 
being used, while the Ann Arbor plates were largely 
obtained with a two-prism instrument, dispersion 
12·3 A./mm. at ).3933. Due consideration being 
given to this difference, the two sets of spectrograms 
give concordant results on the subject treated in this 
communication. 

It became evident that 31 Cygni provides possibly 
the best opportunity yet available for the detailed 
study of eclipse effects ; for example, the period 
covered by the atmospheric eclipse is greater than 
for ~ Aurigre or 32 Cygni. The large amount of data 
secured during the 1951 eclipse will provide material 
for several future researches, but one observed 
phenomenon appears sufficiently striking and of 
such general interest as to warrant special mention 
here. 

A study of the development of the H and K lines 
of Ca II ().).3968 and 3933) has been made. For our 
purpose the K line is the better situated of this 
ultimate doublet of Ca II, since it is present as a very 
wide strong line in the ordinary spectrum of a cool 
giant star, and is not present in the spectrum of the 
small hot star. On the other hand, the H line lies 
in the wing of the strong hydrogen line He ().3970) 
which is present in both K- and B-type spectra. 
Hence one can study the development of atmospheric 
absorption in the K line against an effectively pure 
background of continuous radiation from the B star. 
However, it should be remarked that the structure 
described below occurred also in the H line of Ca II. 
A further important point is that ionized calcium 
extends very far out into the stellar atmosphere, and 
the ultimate lines are the most sensitive criterion of 
its presence and abundance. 

It was found especially during egress that, in 
addition to the gradual decrease in intensity of the 
K line, a pronounced line-structure of a transitory 
nature appeared. In this account we deal only with 
the data obtained during egress ; during ingress the 
observational coverage over the most favourable 
period was not as good. However, it was more than 
adequate to allow us to say with confidence that the 
occurrence of structure in the calcium lines was much 
more definite and lasted longer after than before total 
eclipse. Before totality, one day on which the K line 
showed complexity was July 16. The greater 
prevalence of the structure after totality is itself of 
interest in emphasizing the sporadic nature of the 
source of the effect. From about two to four weeks 
after the end of totality, while the K line was still 
quite wide and had a rectangular profile, subsidiary 
weaker absorptions appeared with varying displace
ments and intensities. The left column of spectra 
reproduced herewith shows the effect, the subordinate 
lines being indicated by white dots. 

On October 26 there was a definite line with a 
Doppler shift of about 85 km./sec. to the violet of 
the main wide chromospheric K line. By October 27 
this violet component had vanished, but a wing on 
the red side was evident which one day later had 
given way to a single component on the red side, 
displaced 110 km./sec. from the normal position. On 
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