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through the attainment and control of enormous 
voltages are we likely to obtain results equivalent 
to the very high temperatures discussed previously. 
Let us calculate, for example, the energy value of 
mc2 in terms of electron-volts. We must write 
(where V =voltage and e =electron charge) 

c2 9 x 1020 
eV -mc2 -- = --- -1·5 x 10·3 

- - N 6 X 1023 - • 

Now e =4·8 x 10·10 e.s.u. Hence V =0·3 x 107 e.s.u. 
Since one electrostatic unit of voltage equals 300 
volts, V = 300 x 0·3 x 107 = 9 x 108 or nine hundred 
million volts. 

It does not follow, of course, that voltages of this 
enormous value would be necessary, since we only 
require electrical potential gradients sufficient to 
impart to protons and electrons the energies re
quired for ' activation ', that is, the energies re
quired to overcome the repulsive forces which exist 
at very small distances. We might say, at a guess, 
that controllable voltages of the order of a hundred 
million volts would be likely to initiate an entirely 
new era in physico-chemical science. The future 
progress of this fundamental science lies, therefore, 
in the hands of the scientific electrical engineer. It 
is to be earnestly hoped that these advances will be 
made in England, the land where the electron and 
proton were discovered by Thomson and Ruther
ford, and the land where one hundred years ago 
Faraday discovered how to set electrons in ordered 
motion by moving magnetic fields. 

If we turn back now to our enclosure in chemical 
and radiant equilibrium at a temperature of 1012 

degrees, we know that there exists in such an en
closure a sufficient density of photons of frequencies 
equal to 2·2 x 1023 and upwards, that is, of photons 
which can transform into proton-electron pairs. 
Suppose that from such an enclosure there could 
escape a dense stream of radiant energy of fre-

quencies lying between, say, 2·2 x 1023 and 1024. 

Imagine a sufficiently dense stream of this type of 
radiation to escape into cold interstellar space, and 
perhaps there to encounter another similar stream. 
What might happen 1 Is it not extremely probable 
that matter would be generated 1 The reverse re
action radiant energy-+ P + E does not necessarily 
demand a very high temperature. It would be 
enough if there existed a sufficient density of 
photons of frequency equal to or greater than 
2·2 x 1023 • Such a reaction would be, indeed, 
the most fundamental synthetic photochemical 
reaction. Now photons of such frequencies are 
known to be reaching our planet from all directions 
in space. It seems quite possible, therefore, that 
matter may be in process of generation in cold 
interstellar space, whereas temperatures such as 
1012 could only be expected to occur in the hot 
cores of stars, as Milne has suggested. 

Jeans and Eddington tend to emphasise the 
' running-down ' of the universe, the steady dis
solution of matter into radiation. It see:lns likely, 
however, that, although the total effect may be 
such a running-d?wn, there exist places in the 
universe where a 'running-up' may occur, even 
though this running-up be of a temporary nature. 
The universe is probably in a state of fluctuation. 
It is certainly large enough to permit very con
siderable local fluctuations, and such fluctuations 
are by no means incompatible with that general 
running-down process which the second law of 
thermodynamics seems to demand. It may be true 
that the universe, as a whole, is passing from a less 
probable to a more probable state, from a state 
of greater to a state of lesser organisation. This 
general drift, however, is quite compatible with 
intense local fluctuations in the opposite direction. 
The re-conversion of radiation into matter may be 
one of these. 

Southern Whaling.* 

I N " Southern Whaling " Sir Sidney Harmer 
reviews the present position of the whaling 

industry and summarises our knowledge, obtained 
largely as the result of commercial operations, of 
the biology of the great whales. The statistics, 
gathered with scrupulous care, show clearly the 
great concentration of modern commercial opera
tions in the southern hemisphere, where on the 
average three-quarters of the annual world
catch of whales is obtained. Since hunting began 
in that region at the beginning of the present 
century, quite half of the world's catch has been 
made in the Antarctic, while African waters have 
contributed another quarter. Modern whaling 
operations, therefore, are conducted principally 
round the great ice barrier which surrounds the 
south pole. 

Analysis of the species captured by the com
mercial vessels shows the great preponderance of 
finner whales in the catches, 90 per cent of which 

• "Southern Whaling." By Sir Sidney Harmer. Proceedings of the 
Linnean Society of London, Session 142, 1929-30. 
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consists of the four species-Blue, Fin, Humpback, 
and Sei. Of these, the Blue and the Fin contri
bute on the average three-quarters of the total 
captures, so that the industry is largely dependent 
on the available stock of these two species. The 
annual world-catch of all species of whales has 
risen from 11,000 in 1919 to about 30,000 in 1929 
and is still increasing, and the percentage of Ant
arctic Blue and Fin whales in the total world
catch has risen correspondingly from 63 to 85. 

Recent researches into the life-histories of Blue 
and Fin whales have established that the period 
of gestation of these species is about a year, and 
that the young are born at the most every al
ternate year. Propagation, therefore, is slow. 
It has been noted that the percentage of sexually 
mature females in the catches is decreasing, while 
evidence has also been brought forward which 
points to a steady decline in the average length of 
whales captured in Antarctic waters in recent 
times. In connexion with the latter feature, it is 
to be remembered that, in whale hunting, the larger 
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animals are deliberately selected. Now a decrease 
in the average•length of a species inhabiting a self
contained area and subjected to intensive fishing 
operations is regarded as symptomatic of over
fishing, but in the case of Antarctic whales other 
factors-for example, seasonal movements, inter
area recruitment, and the possibility of variation 
in the routes of migration, about which little or 
nothing is known-have also to be considered, so 
that further research into these factors is necessary 
before it can be definitely stated that there is a 
serious decline in the stocks of whales over the 
whole Antarctic area. There appears to be justifica
tion, however, for the fear that the whale stock 
is being exploited detrimentally, and Sir Sidney 
Harmer expresses the opinion that the industry in 
Antarctic waters is rapidly approaching the peak, 
if indeed that point has not already been reached. 
New developments in pelagic whaling have vitiated 
methods of conservation of the whale stock hitherto 
adopted, so that conservation by international 
agreement or legislation would seem to be an 
urgent necessity both in the interests of the whales 
and of the industry. 

The great rise in the whaling industry within 
recent years began with this new phase of pelagic 
whaling, that is, whaling without licenses outwith 
territorial limits, with parent ships of large size 
fully equipped with the latest appliances for the 
production of oil and guano. Unlike the earlier 
floating factories, these ships are self-contained 
and the whole carcase of the whale is hauled on 
board over a slipway, now most efficiently fitted 
at the stern. The parent ships are attended by 
several 'catchers ', and harbours are not absolutely 
essential, as re-fuelling and re-storing can be done 
at sea from the ' carriers ', while unloading of oil 
and guano can also be effected. This has been 
made possible by the use of whale carcases as 
'fenders ', while wireless, wireless direction-finding, 
and wireless telephony enable ' carrier ' and mother
ship to establish contact without difficulty. The 
cruising radius of these large ships, in contrast to 
shore stations, is enormous, and it is not sur
prising that hunting for whales has been effected 
right round the fringe of pack ice which streams off 
the great ice barrier surrounding the south polar 
regions. 

Sir Sidney Harmer is of the opinion that there is 
some relation between the distribution of whales 
and seasonal temperatures, and lays particular 
stress on a correlation between the September mean 
air-temperatures (for example, at South Georgia) 
and the order in which the Blue and Fin whales 
reach their maxima during the immediately suc
ceeding whaling season in the same locality. Moss
man 1 also states, " It is certain that the varying 
temperature of the South Atlantic caused by 
the fluctuating quantity of polar ice induces 
changes in the volume, direction and temperature 
of the great ocean currents ". Temperature in 
itself is not considered a limiting factor in migra
tions, but it is taken as giving some indication of 
the melting of the ice which, with the interaction 
of the ocean currents, results in the growth of the 
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plankton on which whales feed. Researches into 
the food of whales have so far elucidated that both 
Blue and Fin whales are plankton feeders and 
subsist in the Antarctic almost entirely on Euphau
sians ; but, as Sir Sidney Harmer remarks, "The 
prevalence of these Crustaceans at any time does 
not produce an identical behaviour in the several 
species of whales ", but that, " each species has 
its own times and seasons". 

The question of the migrations of whales is one 
of prime importance, but the problem still awaits 
solution. There are undoubtedly breeding and 
feeding migrations, and the supposition that in the 
southern hemisphere a southward migration is for 
feeding and a northward for breeding is probably 
correct. Nothing, however, seems to be known 
of the migration routes or of the extent of the 
northward retiral. 

The monthly statistics of the whales captured in 
the dependencies of the Falklands show clearly 
that the Blue and Fin whales reach their maxima 
during the summer months in the Antarctic and 
during the southern winter off the African coast. 
The composition of the stock fluctuates consider
ably in any one season (say at South Georgia), so 
that it is obvious that there are several lines of 
convergence on this particular area. Normally, 
at all sub-antarctic and antarctic localities, large 
and fat individuals are caught at the beginning of 
the season. Later, thin whales predominate, 
while towards the end of the season fat individuals 
may be again in evidence. It is presumed, there
fore, that the lean whales have come from poor 
feeding grounds, probably in the warmer sub
tropical waters, and that the fat whales have ex
perienced good feeding grounds nearer the polar 
ice or within the ice zone. A certain percentage of 
whales remains in sub-antarctic areas during the 
southern winter, and those captured have been 
found to be sexually mature or almost mature, 
but, naturally, operations during this period 
cannot be carried out except on a very limited 
scale, so that the relative frequency of whales in 
sub-antarctic waters during this period cannot be 
estimated. 

Sir Sidney Harmer has submitted the figures as 
gathered by him from various sources to statistical 
treatment and has given a few tentative inter
pretations. No complete explanation is possible 
from the available data as to seasonal movements, 
but the suggestion is put forward that the central 
point of the main concentration of the Fin whale 
is farther north than that of the Blue whale, which 
latter is assumed to be (and probably is) an ice
loving species. The statistics show clearly that 
there are definite years when the Blue whales are 
in. excess in the captures and others when Fin 
whales are more abundant, and that these phases 
seem to be correlated with the fluctuating ice 
conditions. The adoption, therefore, of the Sep
tember mean temperature as a means of establish
ing correlation has been actuated by these occur
rences. Blue whale years seem to correspond 
with low temperatures and heavy ice conditions, 
and Fin whale years with the reverse. With regard 
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to breeding seasons, all available knowledge, 
chiefly from a study of fretuses, is again reviewed, 
and the interpretation, with which there is general 
agreement, is that pairing and parturition take 
place outside the usual hunting grounds and seasons. 

Since the publication of Sir Sidney Harmer's 
paper on" Southern Whaling", there has appeared 
"International Whaling Statistics" for the ten
year period 1919-1929, which has been published 
at Oslo by the Norwegian Government on the re
commendation of the International Council for 
the Exploration of the Sea. This contains the 
figures from the whaling industry throughout the 
world, and is the first of a series which will con
stitute a complete study of the whaling industry 
for the last twenty years. The figures employed 
in Sir Sidney Harmer's paper show sometimes 
considerable differences from those of the " Inter
national Statistics ", though, taken as a whole, this 
does not affect the general trend of the argument. 
Attention may be directed, however, toone particular 
series of figures. In Table 6 of Sir Sidney Harmer's 
paper, the tabulated data represent the whales 
captured during the season 1928-29 by all countries, 
and not, as stated, by Norwegian companies only. 
An interesting feature in the presentation of the 
data in "International Statistics " is the average 
production of oil per whale. The oil production 
is here given in the form of Blue whale equivalents 

on the following basis : one Blue whale= 2 Fin 
whales = 2l Hump backs = 6 Sei whales. Previ
ously a production of 75 to 80 barrels of oil per 
whale was considered a good average, but nowa
days this has risen with the improved methods of 
extraction to more than a hundred. The more 
complete utilisation of the whale carcases by pelagic 
whalers is all to the good, but has added to the 
investigator's difficulties in that recent oil pro
duction figures are not comparable with those 
for earlier years, while the effect on oil production 
of any variations in condition or of decrease in the 
average size of the whales is also masked. The 
efficiency of modern ' plant ' has also resulted in 
an improvement in the quality of the oil produced, 
and it is now possible to put the higher grades of 
oil direct on the market in a more or less colourless 
and odourless condition. 

An interesting effect of the intensive whaling 
operations in the Antarctic is that exploration has 
incidentally received a new impetus, as it did in the 
early days of sealing, for example, of Weddell, 
Biscoe, and Enderby, and new discoveries of land 
are likely to be achieved. Scientifically, also, the 
exploration of new areas will extend our know
ledge of the distribution and frequency of these 
finner whales. 

' Mossman, R . C. " The Climate and Meteorology of Anhrctic and 
Sub-Antarctic R egions." Jou'f"nal of the Scottish Meteorological S ociety 
3rd Series, vol. 18, No. 35, 1918. ' 

Obituary. 
PROF. ARCHIBALD BARR, F.R.S. 

B y the death of emeritus Prof. Archibald Barr, 
on Aug. 5, in Glasgow, the engineering pro

fession loses one of its ablest representatives in 
Great Britain. 

Prof. Barr was born in Paisley in 1855. He was 
educated at Paisley Grammar School and the Uni
versity of Glasgow, where he graduated in engineer
ing science in 1876. Thereafter he spent eight 
years as assistant to Prof. James Thomson in the 
University of Glasgow, when he was called to the 
chair of mechanical engineering in the Yorkshire 
College (now the University of Leeds), where he 
spent five years and equipped and organised the 
engineering laboratory, making it one of the most 
up-to-date in the country at that time. In 1889 
he was recalled to Glasgow as regius professor of 
civil engineering and mechanics in the University, 
in succession to the earlier holders of the chair
Lewis Gordon, Macquorn Rankine, and James 
Thomson. 

Dr. Barr might then have settled down to the 
comparative ease of an academic life, but he found 
at Glasgow inadequate lecture rooms and a poorly 
equipped laboratory in the basement, and he had 
the vision to see that the science teaching of the 
future must develop along experimental lines ; he 
therefore threw himself with characteristic energy 
and purpose into the work of arousing interest and 
collecting funds with which to build and equip an 
engineering college worthy of Glasgow as one of the 
most important centres of engineering activity in 
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Great Britain. The result was the James Watt 
Engineering Laboratories, opened in 1900. Here 
he continued, until 1913, to lecture, to supervise 
laboratory instruction and research, and to inspire 
an ever-growing staff and body of students with 
the determination to understand the fundamental 
principles of engineering science and to apply these 
to the manifold problems that confront the en
gineer in the daily practice of his profession. In 
1889, when he went to Glasgow, there were thirty
six engineering students at the University ; when 
he resigned the chair in 1913, this number had 
increased to more than two hundred. 

Dr. Barr did not confine his activities to the Uni
versity, but undertook consulting work in the 
testing of engine and boiler plants, and contributed 
to the papers and discussions of the leading en
gineering and scientific societies in Glasgow and 
London. He served at different times as president 
of the Institution of Engineers and Shipbuilders 
in Scotland, the Royal Philosophical Society of 
Glasgow, and the Scottish Aeronautical Society; 
he supervised the first motor car reliability trials 
held in Scotland, in 1901 ; was convener of the 
engineering section of the Glasgow International 
Exhibition in 1901, and chairman of the committee 
which organised the first aviation meeting held in 
Scotland, at Lanark in 1910 ; while from 1921 
until his death he was chairman of the governors of 
the Royal Scottish National Institution, at Larbert, 
for the care of mentally defectives. 

The year after Prof. Barr's appointment to the 
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