
THURSDAY, AUGUST 20, 1891.

THE CONGRESS OF HYGIENE.
HE proceedings of this Congress were brought to a 

close on Monday, it being generally conceded that 
the importance of the conclusions arrived at and of the 
discussions on the more important topics were on a 
level with the numbers and eminence of the men of 
science taking part in the deliberations.

So far as space permits, we shall endeavour to give an 
account of some of the most salient subjects touched in 
the different Sections. To get a general idea of the 
enormous area of the ground covered, it is only necessary 
to glance at the resolutions adopted. It will be generally 
conceded that the members of the Congress are by these 
resolutions supplied with much food for thought in the 
interim which will elapse till the next meeting, which 
has been fixed at Budapest and for 1894.

We note with the greatest pleasure that Her Majesty 
and the University of Cambridge have shown their 
appreciation of the honour done to the nation by (the 
presence of so many foreigners; and that other bodies 
and individuals have not been lacking to render possible 
gatherings of a less severely scientific character than 
the Sectional meetings.

Her Majesty's action in inviting many of the most 
eminent representatives of different nationalities to Os
borne—an action, we believe, suggested by the Prince of 
Wales—has been so well received, that one regrets that 
the nation has had to wait so long for such a precedent. 
We regret it, not so much for the sake of men of science, 
but because the result has been that Royalty here has 
always lived apart not only from science but from national 
culture generally. The Queen, indeed, on the present 
system, never need know anything, except by some happy 
accident, of Britain's greatest men.

The party which went to Osborne left early by a special 
train, and were taken over from Portsmouth in the Queen’s 
yacht. They were accompanied by Sir D. Galton, Dr. 
Poore, Prof. Corfield, and Mr. S. Digby. Luncheon was 
provided at 2, and Her Majesty later on received the 
visitors, of whom the following is an official list:—

Austria-Hungary.—Dr. Emil Kusy, Ministerialrath, Sanitats 
referent, delegated by Minister of the Interior; Hofrath Franz 
Ritter von Gruber, Professor of Architecture, elegated by 
Imperial Council of Health ; Dr. Ernst Hofrath Ludwig, Pro
fessor of Applied Chemistry at Pathological Institute, delegated 
by Minister of Finance ; Dr. J. Fodor, Professor of Hygiene, 
University of Budapest, delegated by Minister of Public 
Worship and Education.

Belgium.—M. E. Beco, Secretary-General of the Department 
of Agriculture, Industry, and Public Works, delegated by 
Minister of Agriculture and Public Works; D. E. Janssens, 
Inspecteur en chef de I’Hygiine i Bruxelles, Membre de la 
Commission Centrale de Statistique de Belgique, de l’Academie 
Royale de Medecine et du Conseil Supcrieur d’Hygiene.

Denmark.—Dr. J. Lehmann, Dean of the Royal Sanitary 
Council, delegated by the Danish Government; Hans V. Berg, 
Medical Director of the Navy, delegated by Danish Naval 
Department ; Sur.-Col. Laub, delegated by the Danish Army 
Department.

Egypt-—Dr. Hassan Pasha Ibrahim, Inspector Sanitary 
Department, and Pr >fessor of Hygiene.
, France.—Dr. Etienne Jules Bergeron, Secretaire perpetuel de 

l’Academie de Melecine, Vice-President du Comile Consultatif 

d’Hygiene Publique, delegated by Ministry of Public Instruction 
M. Ie Dr. Brouardel, Doyen de la Faculte de Medecine 
de Paris, President du Comitd Consultatif d’Hygiene Pub
lique, delegated by French Government; M. Ie Dr. Auguste 
Chauveau, Membre de 1’Institut, delegated by the Ministry of 
the Interior, of Public Instruction, and of Agriculture; M. 
Ie Dr. Beranger Fc:raud, President du Conseil Supdrieur de la 
Marine, delegated by the French Government; Dr. Levraud, 
President du Conseil Municipal de la Ville de Paris, delegate of 
City of Paris ; M. Roux, Pasteur Institute, Paris.

Germany.—Dr. Buchner, Professor at Munich University, 
delegated by the Bavarian Government ; Dr. von Coler, dele
gated by the Army Medical Department, Prussian Army; Prof. 
Sell, Geheimrath, delegated by the German Empire; Dr. 
Pistor, Geheim Medicinalrath, delegated by the Prussian Govern
ment ; Prof. Dr. W. Roth, President of German Committee of 
the International Congress, Generalarzt des XII. K. S. Armee 
Corps, delegated by War Ministry of Saxony; Prof, von Koch, 
delegate of Government of Wiirtemberg.

Italy.—Dr. Angelo Mosso, Professor at Royal University, 
Turin, delegated by Italian Government; Dr. A. Corradi, 
Professor at Royal University, Pavia, delegated by Italian 
Government.

Japan.—Dr. Shimpei Gotoh, Official Expert in Ministry of 
Interior, Tokio, delegated by the Government of Japan.

The Netherlands.—Dr. G. van Overbeek de Meyer, Professor 
of State University, Utrecht, delegate of Government; Dr. W. 
P. Ruysch, Conseillier pour le Service Sanitaire, Department de 
1’Interieur, delegated by Government of the Netherlands.

Roumania.—Dr. J. Felix, Professeur Universite de Bucarest, 
Membre du Conseil Sanitaire Superieure de Roumanie, Membre 
en chef de la Ville de Bucarest, delegated by Government of 
Roumania and City of Bucharest.

Russia.—Prof. Constantin Kowalkowski, Professeur d’Hy
giene al’Universite Imperialede Varsovie, delegated by Imperial 
University, Warsaw.

Spain.—Don Juan Vilanova y Piera, President of Health 
Section of Royal Academy of Medicine, delegated by Spanish 
Government.

Sweden and Norway.—Dr. Linroth, Chief Medical Officer, 
Stockholm, delegated by Swedish Government and by City of 
Stockholm ; Dr. Gotfried E. Bentzen, Director of the Civil 
Medical Service, Christiana, delegated by Government of Sweden 
and Norway.

Servia.—Dr. Georgevitch, delegated by Servian Government.
Switzerland.—Dr. Guillaume, Director of the Federal Bureau 

of Statistics, delegate of the Swiss Government; Col. Dr. 
Gbldlin de Tiefenau, Instructeur en chef des Troupes Sani- 
taires Suisses, delegate of the Swiss Government.

United States of North America.— Major Alfred Woodhull, 
Medical Department, United States Army, delegated by United 
States Government Army Department; Lieut.-Col. Philip S. 
Wales, Medical Director United States Navy, delegated by 
United States Government Naval Department ; Dr. Salmon, 
Chief of Bureau of Animal Industry in the United States 
Department of Agriculture, delegated by Department of 
Agriculture.

India.—Dr. Simpson, Sanitary Officer of Calcutta ; Mancher- 
jee Bhownaggree, C.I.S., member of the Bhavnagar Judicial 
Council, delegate of Maharajah of Bhavnagar; Dr. Prasanna 
Kimar Ray, Professor at Presidency College, delegated by 
Chancellor and Syndicate of Calcutta University.

Ceylon.—Dr. Solomon Fernando, delegate of Government of 
Ceylon, and of Medical College.

Canada.—Dr. Covernton, delegated by Ontario, Canada.
New South Wales.—Dr. J. Ashburton Thompson, delegated 

by Government of New South Wales.
Victoria.—Dr. Aubrey Bowen, delegated by Government of 

Victoria.

The visit to Cambridge took place on Saturday. The 
University authorities did all in their power to make it 
an agreeable one. Not only did hospitality abound, but 
even in the Long Vacation degrees were conferred (this, 
unfortunately, is impossible at Oxford) on Drs. Brouardel, 
Corradi, and Fodor.

The speeches made by the Public Orator were as 
follows:—



DlGNISSIME domine, domine Procancellarie, et tota 
Academia:—

Nescio quo potissimum exordio hospites nostros, qui de 
salute publica nuper deliberaverunt, senatus nomine 
salutare debeam. Ad ipsos conversus, illud unum 
dixerim :—qui aliorum saluti tarn praeclare consuluistis, 
vosmetipsos omnes iubemus salvere. Ea vero studia, 
quae vobis cordi sunt, gloriamur in Britannia certe 
Academiam nostram primam omnium adiuvisse. In 
salutis publicae ministris nominandis valent plurimum 
diplomata nostra, valent etiam aliarum Academiarum, 
quae, exemplo nostro incitatae, laudis cursum eundem sunt 
ingressae. Hodie vero collegarum vestrorum nonnullos, 
qui gentium exterarum inter lumina numerantur, diplo- 
mate nostro honorifico decorare volumus. Nemini autem 
mirum sit, quod viros medicinae in scientia illustres iuris 
potissimum doctores hodie nominamus. Etenim Trillium 
ipsum in libris quos de Legibus composuit, scripsisse 
recordamini populi salutem supremam esse legem.

(1) Primum omnium vobis praesento gentis vicinae, 
gentis nobiscum libertatis bene temperatae amore con- 
iuncta?civemegregium,Parisiorum in Academiamedicinae 
forensis professorem praeclarum, facultatis medicae de
canum dignissimum, salutis denique publicae annalium 
editorem indefessum. Olim Caesar omnes medicinam 
Romae professos ctvitate donavit; nos non omnes certe, 
sed, habito delectu aliquo, unum e reipublicae Gallicae 
medicis illustrissimis, qui admirabilem in modum medi
cinae et iuris studia consociavit, corona nostra ob cives 
etiam in pace servatos libenter coronamus.

Duco ad vos Paulum Camillum Hippolytum 
Brouardel.

(2) Quo maiore dolore Austriaeet Germaniae legatosillus- 
tres absentesdesideramus, eomaioregaudio Italiae legatum 
insignem praesentem salutamus. Salutamus Academiae 
Bononiensis, nobiscum vetere hospitii iure coniunctae, 
alumnum, tribus deinceps in Academiis, primum Mutinae, 
deinde Panormi, denique Ticini imripa professorem, qui 
medicinae scientiam cum rerum antiquitus gestarum 
studiis feliciter consociavit, quique in Italiae scriptoribus 
eximiis, non modo in Boccaccio sed etiam in Torquato 
Tasso, artis suae argumenta non indigna invenit. Quon
dam imperator quidam Romanus Roma in ipsa augurium 
salutis per annos complures omissum repeti ac deinde 
continuari iussit. Quod autem salutis publicae concilio 
Londinensi etiam Italia interfuit, velut augurii felicis 
omen accipimus. Recordamur denique poetam antiquum 
urbis aeternae de nomine his fere verbis non inepte esse 
gloriatum :—

Roma ante Romuluin fuit ;
non ille nomen indidit, 
“ sed diva flava et candida, 
Roma, Aesculapi filia.” 1

Duco ad vos Aesculapi ministrum fidelissimum,
Al.PHONSUM CORRADI.

(3) Quis nescit urbem florentissimam quod Hungariae 
caput est, nomine bilingui nuncupatam, fluminis Danubii 
in utraque ripa esse positam. Quis non inde nobis feliciter 
advectum esse gaudet salutis publicae professorem in
signem, virum titulis plurimis cumulatum, qui etiam de 
Angliae salubritate opus egregium conscripsit. Idem, 
velut alter Hippocrates, de aere, aquis et locis praeclare 
disseruit. Olim Hippocrates ipse corona aurea Athenien- 
sium in theatro donatus est: nos Hippocratis aemulum 
illustrem laurea nostra qualicunque in hoc templo honoris 
libenter ornamus.

Duco ad vos bacteriologiae cultorem acerrimum, 
Iosephum de Fodor.

The final general meeting of the Congress was held on 
Monday, under the presidency of Sir Douglas Galton.

r Mariani Luf>ercalia, p. 3F4 of Baehrens, Frag. f>oet. Rout.

There was a large attendance, and among those present 
were nearly all the foreign delegates.

The Chairman, in opening the proceedings, after some pre
liminary remarks, said :—The success of the Congress, as an inter
national gathering, is due to the fact that we as a nation 
have many matters of interest to show to foreigners. I think I 
may say that the chief difference between our hygienic progress 
and that of our Continental neighbours is that, whilst they are 
especially fortunate in being able to pursue the theories upon 
which much of modern hygienic progress is based, with us public 
opinion has hindered the study of many physiological questions, the 
solution of which depends upon the examination of living tissue. 
Hence, we at present are in this respect somewhat behind the 
Continental schools, and we largely turn our attention to apply 
their theories to alleviate the wants of life. Hence we can show 
much of interest in practical hygiene in matters both of construc
tion and administration. Our methods of water supply and 
drainage, our various plans for refuse disposal or utilization, our 
isolation hospitals and ambulance systems present many inter 
esting features. The arrangements which are being made 
to introduce sanitary knowledge and efficiency of workman
ship in t ades (such as the plumber), upon whom the prac
tical sanitation of parts of our houses largely depends, 
are deserving of consideration ; and the health adminis
trations of the large cities of Glasgow and Manchester 
is especially worthy of the study of our visitors. The organiza
tion of this Congress has differed from that of former Con
gresses in the increased number of Sections into which it was 
divided. In proportion as the study of hygiene and demography 
becomes more elaborate, the classification must necessarily be 
more detailed, and the number of Sections must either gradually 
increase or the Sections must subdivide. Independently of the 
increased number of Sections, it was found necessary to give two 
afternoons to the discussion of questions connected with the 
sanitation of our Indian Empire, which, for the first time in the 
history of these Congresses, was repre-ented by a large number 
of delegates. The native Princes of India evinced deep 
sympathy with the Congress, and 1 trust that the interest which 
has been evoked in its object may lead to beneficial results in 
that great country. ... A principal object of the Congress 
is, without doubt, to afford to scientific men in different countries 
the opportunity of conferring together. But it has another and 
most important object—viz. to excite the interest of the com
munity at large in the knowledge of the laws of health. Your 
President the other day asked the pertinent question—Why, jf 
diseases are preventable, are they not prevented? The 
answer to that question is that, whilst an instructed 
minority may understand the importance of observing hygienic 
laws, a very large section of the community is careless of 
and indifferent to their observance, and consequently the 
portions of those laws which are individual and personal in 
their application are left a dead letter. Acts of Parliament are 
of little avail so long as the people they are framed to guide do 
not realize their value or importance, and it is quite certain that 
the only way to stamp out preventable disease is to educate 
every member of the community to feel the importance of the 
laws of health. A great international Congress like this brings 
the subject prominently before the public and has a valuable 
influence on the country in which it is held. I have already 
detained you too long. But I must add, as chairman of the 
organizing committee, that we have endeavoured to make the 
Congress useful and agreeable to those who have honoured us 
with their presence. The success which we have had is mainly 
due to our secretary-general (Dr. Poore), our foreign secretary 
(Dr. Corfield), and, as far as India is concerned, to the energy 
of Mr. Digby. The excellence of the social arrangements is 
entirely due to the organizing power and tact of the secretary of 
the reception committee, Mr. Malcolm Morris. But you will 
have an opportunity of thanking the executive before the end of 
this meeting. If there have been shortcomings, the organizing 
committee much regret them. The only apology we can offer 
is that a voluntary organization suddenly created to fulfil the 
requirements of the moment may have been somewhat strained 
at first by the number who appeared on Monday morning—a 
number far in excess of that which former experience led us to 
anticipate, and I would say in conclusion, in the words of our 
poet Prior—

“ Be to our virtues very kind. 
Be to our faults a little blind/'



The meeting next discussed the place of the next Congress ; 
we have already stated that Budapest was fixed upon.

Votes of thanks completed the business Among these, Dr. 
Sell (Germany) moved the following resolution :—

“That His Royal Highness the President be respectfully re- i 
quested to convey to Her Majesty the Queen the dutiful thanks 
of this Congress for Her Majesty’s gracious act in becoming 
Patron of the Congress, and for the magnificent hospitality 
shown by Her Majesty to members of the Congress during their 
sojourn in England.”

Prof. Ku-y (Austria) seconded the resolution.
Colonel Woodhall (United States) said that all members of ; 

the Congress must desire to express their gratitude for the way 
in which they had been received by that gracious lady Her 
Majesty the Queen, whose purity and dignity of life had enabled 
her to extend her empire of love and respect over even American I 
citizens.

The resolution was unanimously agreed to.
His Excellency M. Gennadius, the Minister for Greece, 

moved the following resolution :—“ That the best thanks of the 
Congress be dutifully tendered to His Royal Highness, the 
Prince of Wales, the President of the Congress, for the untiring ( 
interest which His Royal Highness has manifested in the Con
gress, and to which the success of the Congress is to be largely ' 
attributed.”

Finally, the Chairman proposed a vote of thanks to the officers 
of the Association, whose unsparing work and indefatigableenergy j 
had so largely conduced to the success of the undertaking. He I 
coupled with the vote the names of Dr. G. V. Poore, the hon. 
secretary-general, Prof. W. H. Corfield, the hon. foreign secre- | 
tary, and Mr. Malcolm Morris, the hon. secretary of the reception 
committee.

The vote was warmly received, and was unanimously adopted.

The Permanent International Committee have ap- | 
pointed the following International Sub-Committee to ! 
prepare a scheme for the organization of future Con- j 
gresses. The Sub-Committee consists of Prof. Dr. 
Brouardel, Hon. LL.D. Cantab. (France), Prof. Dr. 
Fodor, Hon. LL.D. Cantab. (Hungary), and Prof. Cor- | 
field (England), to represent Hygiene ; and M. Korosi 
(Hungary) and Dr. Janssens (Belgium) to represent 
Demography.

It is understood that the Sub-Committee will consider 
the advisability of forming Permanent Committees in 
various country, the plan of having Committees outside 
the country in which the Congress is held having proved 
so successful in obtaining Foreign Members for the 
London Congress, at which it was adopted for the first 
time.

This week we give an account of the work done in the 
Section of Preventive Medicine.

In this Section the President, Sir Joseph Fayrer 
K.C.S.I, F.R.S., commenced the proceedings by de
livering the following inaugural address:—

My first duty on occupying this seat is to make fitting 
acknowledgment of the honour which has been conferred on me, 
and to assure those to whom I am indebted for it that, as I ap
preciate the distinction highly, so, with the aid of my colleagues 
in this Section, and the support of the many eminent men of 
science who will take part in its work, I hope to discharge 
faithfully the important trust reposed in me. My next and 
most agreeable duty is to offer to all who honour us with their 
presence, or who propose by co-operation to forward the ob
jects of the Congress, a most hearty welcome and cordial re
cognition of the interest in it manifested by their presence ; to 
express a hope that the deliberations and conclusions which re
sult from their wisdom and experience may advance our know
ledge, and tend to enhance the welfare of the human race. This 
hope is based upon the universal recognition of the need of, and 
capacity for, improvement in the conditions upon which physical 
well-being, immunity from disease, and prolongation of life 
depend ; and this is evinced ,by the assembling together in

this Congress of men of science from all parts of the world, who 
have devoted themselves to the great international, humani
tarian purpose of ameliorating the conditions of mankind every
where, so far at least as the application of the laws of health, 
and to s >me extent those of sociology, can affect this consumma
tion. To all, then, we in this great city, who are interested in 
the progress of hygiene and demography, offer our cordial greet
ing, and express an earnest desire that our visitors may derive 
pleasure and benefit from their sojourn in London, and from the 
proceedings of the great assembly of which they form so im
portant a part.

Before I invite Dr. Cuningham to open the first subject for 
discussion, it is right that I should make a few preliminary 
remarks on the general scope and objects of the work 
comprised in this section. I do not intend to occupy much 
of the short and valuable time at our disposal by discussing 
any special subject, or by anticipating that which those who 
follow me may have to say, but shall confine myself to a brief 
notice of the present aspects of preventive medicine, its recent 
development, how much it has operated and is now operating for 
the public good, how slowly but surely it is dispelling the cloud 
of ignorance and prejudice which has overshadowed and im
peded the progress of sanitation, and how it is gradually imbuing 
the public mind with the conviction th it prevention is better and 
often easier than cure, that health may be preserved, disease 
avoided, and life prolonged by the study and observance of cer
tain well-known laws, which, correlating the individual with his 
surroundings, determine his well-being when conformed to, 
deteriorate or prevent it when neglected, and should en
force the maxim, “Venienti occurite morbo.” Unprece
dented progress in human knowledge characterizes the 
present century, and has not been wanting in preventive 
medicine. It is, however, during the last half of it that advance 
has been most remarkable, whilst it is in a later part of that 
period, that it has so established itself in the popular mind as to 
have passed from the region of doubt and speculation into that 
of certainty. It is now pretty generally understood that about 
one-fourth of all the mortality in England is caused by prevent
able disease, that the death-rate of large communities may be 
reduced much below that at which it has been wont to stand, 
the average duration of life may be made to approximate nearer 
to the allotted fourscore, and that the conditions of living may 
be greatly ameliorated. The chief obstacles to improvement 
have been ignorance and want of belief; a better knowledge 
of the laws of life and health, a more rational comprehension 
of the nature and causes of disease, are gradually but surely 
entailing improvement in the conditions of living and in 
the value of life, and the diminution and mitigation, if not 
extinction, of morbid conditions which have in past times proved 
so injurious or destructive to life. In short, as Dante says :

“ Se' 1 mondo laggiii ponesse mente 
Al fondmnento chc natura pone, 
Seguendo lui avria buona la gente.”

11 Paradiso," viii., 143,

Such are the subjects contemplated in the work of this Section, 
and as far as time permits the most interesting of them will be 
discussed. Those selected are of great importance in their 
relations to public health ; let us hope that observers who have 
formed their opinions from experience in other countries and 
under different circumstances may throw new light on them.

In the brief space of time at my disposal it would be im
possible to give a continuous outline of the progress of 
preventive medicine during the past, or to trace its growth 
and development out of ignorance and superstition to its 
present well-established foundation on a scientific basis. It 
is of happy augury for mankind that the subject of public 
health is now fairly grasped by popular sentiment, and 
that, though ignorance, opposition, and vested interests 
still conte-t the ground, progress is sure, and the light of 
science is illuminating the dark places. It is now belter appre
ciated than it ever has been, that thecauses which induce disease 
and shorten life are greatly under our own control, and that we 
have it in our power to restrain and diminish them, and to 
remove that which has been called “the self imposed curse of 
dying before the prime of life." It is, indeed, only recently 
that the resources of medical science have been specially devoted 
to the prevention as distinguished from the cure of disease, and 
how far successfully I hope in a few words to show, whilst I 
trust the proceedings of the various Sections of this Congress



will indicate how much remains to be done. Did time permit, 
I might illustrate the progress of preventive medicine by con
trasting the state of England with its population of more than 
29,000,000 during the Victorian with the England of the 
Elizabethan age with its 4,000,000. I might remind you of the 
frightful epidemics which had devastated the land, in the forms 
of black death, sweating sickness, plague, petechial typhus, 
eruptive fevers, small-pox, influenza, and other diseases, such 
as leprosy, scurvy, malarial fever, dysentery, &c., of the 
wretched mode of living, bad and insufficient food, filthy 
dwellings, and ill-built towns and villages, with a country un
cultivated and covered with marshes and stagnant water (ac
cording to Defoe, one-fifteenth part of England consisted of 
standing lakes, stagnant water, and moist places, the land unre
claimed, and with the chill damp of marsh fever pervading all). 
The homes of the people were wooden or mud houses, small 
and dirty, without drainage or ventilation, the floors of earth 
covered with straw or rushes, which remained saturated with ' 
filth and emitting noxious miasmata. The streets were narrow 
and unpaved, with no drains but stagnant gutters and open cess
pools, while the food was principally salted meat with little or | 
no vegetable. To this may be added a large amount of intern- I 
perance and debauchery. As it is, I can only just allude to 
them. In such conditions disease found a congenial nidus, and 
by a process of evolution assumed the various epidemic forms 
which proved so destructive to life. Some of these have gone, 
let us hope never to return, and the conditions which fostered if 1 
they did not cause them have gone also. Can we venture to 
hope that it will be the same with those that remain ? Our im
munity during the last diffusion of cholera gives some ground for 
thinking it may be so, if, indeed, the Legislature and popular 
intelligence should be of accord on the subject.

If we turn to the present, we find that great improvements 
have gradually been made in the mode of living ; the houses arc 
better constructed, the drainage and ventilation are more com
plete, the land is better cultivated, and the subsoil better 
drained ; marsh fever and dysentery, at one period so rife, are 
unknown, and leprosy has long since disappeared. The death
rate is considerably reduced, and the expectancy of life enhanced. 
Water is purer, food is more varied and nutritious, clothing is 
better adapted to the climate, the noxious character of many 
occupations has been mitigated, and the mental, moral, and 
physical aspects of the people altogether improved ; education is 
general, a better form of government prevails, and the social 
conditions are far in advance of what they have been ; but still 
the state of our cities shows that improvement is demanded, 
and one object of this Congress is to point out why and how 
this may be effected, not only in this country but throughout the 
world.

If we inquire into the effects of certain well-known diseases, 
we find that they are less severe in their incidence, if not less 
frequent in their recurrence. With regard to small-pox, since 
the passing of the first Vaccination Act in 1840, the death
rate has diminished from 57'2 to 6’$ per 100,000 for 1880-84, 
though for the five years 1870-74 it was 42 7, thus showing that 
there was still much to be learnt about vaccination. Enteric 
fever was not separated from typhus fever before 1869, but since 
then the death-rate has decreased from 039 to 0’17 per 1000, 
and it has been shown that this improvement was synchro
nous in different parts of England with the construction of proper 
drains. The diminution in the death-rate from typhus fever is 
quite as striking, and this also is shown to have run parallel with 
improved sanitation in more than one large town. The death
rate from scarlatina fluctuated between 97 and 72 per 100,000 
between the years 1851 and 1880, and though it has 
diminished considerably of late years (17 per 100,000 in 
1886), a corresponding increase in the death-rate from 
diphtheria has taken place; this may be due in part to 
a better differentiation of the two diseases. In 1858 
it was reported that phthisis killed annually more than 50,000 
people ; the death-rate from this disease has not decreased very 
much for England and Wales, but it has done so in some large 
towns, notably in Liverpool; and Dr. Buchanan and Dr. Bow
ditch of Massachusetts both showed a striking parallelism 
hetween the diminution of the death-rate from this cause and 
the drying of the soil resulting from the construction of sewerage 
works. Cholera first appeared in England in 1831, and there 
were epidemics of it in 1848-49, 1853-54, and 1865-66, but the 
number of deaths diminished each time it appeared, and though 
it has been present since, it has never reached the height of an 

epidemic. This is fairly attributable to local sanitary rather 
than to coercive measures. Preventable disease still kills yearly 
about 125,000, and, considering the large number of cases for 
every death, it has been calculated that 78! millions of days of 
labour are lost annually, which means ^7,750,000 per annum ; 
this does not include the days lost by the exhaustion so often 
induced by the still too numerous unhealthy houses of the poor. 
Towns, villages, and houses are still built in an insanitary way; 
the death-rate is still higher and the expectancy of life lower 
than it should be, and though we have got rid of the terrible 
plagues of the middle ages, yet in this century, now closing, 
other epidemics have made their appearance: cholera has four 
times visited us ; fevers, eruptive diseases, and diphtheria 
have prevailed; influenza has appeared several times, even 
recently, and after leaving us last year, only to return with 
renewed virulence, caused in the United States a mortality 
almost equa to that of the plague. Much has been done, 
and a great deal of it in what is called the pre-sanitary age, 
but much remains to be effected. Let us hope that the 
future may be more prolific of improvement than the past ; 
international philanthropy seems to say it shall be so. That 
we can exterminate zymotic disease altogether is not to be 
expected, but there cannot be a doubt that we may diminish its 
incidence, and though we may never be able to reach the “ fons 
et origo mali,” yet we can make the soil upon which its seed is 
sown so inhospitable as to render it sterile. The scope and objects 
of preventive medicine are not limited to the removing of condi
tions which give rise to zymotic disease, nor even of those which 
compromise otherwise the physical welfare of mankind, but should 
extend as well to a consideration of the best means of controlling 
or obviating those which, attending the strain and struggle 
for existence, involve over-competition in various occupa
tions, whether political, professional, or mercantile, by which 
wealth or fame is acquired or even a bare livelihood is obtained, 
and under the pressure of which so many succumb, if not from 
complete mental alienation, from breakdown and exhaustion of 
the nervous system, which give rise to many forms of neurotic 
disease and add largely to the numbers of those laid aside and 
rendered unfitted to take their due share in the natural and in
evitable struggle for existence. Or I might point to the 
recrudescence of those psychical phenomena manifested by 
the so-called hypnotism or Braidism, morbid conditions arising 
out of the influence of one mind upon another ; this is a subject 
which demands not only further investigation, but great precau
tion as to its application, and claims ■ the watchful notice of 
preventive medicine on account of the dangerous consequences 
which may ensue from it.

Again, the abuse of alcohol, opium, chloral, and other 
stimulants and narcotics, and the evil consequences which may 
result therefrom, is also a subject worthy of consideration, and 
will, no doubt, receive it in a communication which is to be 
brought before this Section.

The possible deleterious influence of mistaken notions of 
education, as evinced in the over-pressure which is exercised 
upon the young, the predominance of examinations, their in
creasing multiplication and severity, and the encouragement of 
the idea that they are the best test of knowledge, whilst true 
mental culture is in danger of being neglected, and physical 
training, if not ignored, left so much to individual inclination— 
this is another subject which demands the jealous scrutiny of 
preventive medicine, whose duty it is to safeguard the human 
race from all avoidable causes of either physical or mental 
disease.

Though preventive medicine in some form has been 
practised since the days of Moses, yet it has received but 
little recognition until a comparatively recent period ; when 
science developed and observation extended, medical men 
and others became impressed with the influence of certain 
conditions in producing disease, and thus it was forced 
upon the public conscience that something must be done; 
and when philanthropists like John Howard devoted life 
and property to the amelioration of such awful conditions as 
existed—e.g. in our gaols, where the prisoners not only died of 
putrid fever, the result of ochletic causes, but actually infected 
the judges before whom they came reeking with the contagion of 
the prisons—rude sanitary measures gradually came into opera
tion and partially obviated these evil conditions, but it was not 
before the middle of this century that any scientific progress was 
made ; it was when Chadwick, Parkes, and others initiated the 
work by which they have earned the lasting gratitude of the 



human race that preventive medicine became a distinct branch 
of medical science. The sanitary condition of towns and com
munities is not dependent on the views or exertions of indi
viduals alone, for they are and have been for the last fifty years 
largely cared for by the Legislature, and a variety of Acts have 
been passed which deal with questions concerning the public 
health ; indeed, were all the provisions enforced, little would 
remain to be desired on the part of the executive Government, 
but as many of them are permissive, not compulsory, the 
benefit is less complete than it might be. The old difficulty 
of prejudice combined with ignorance still too often stands 
in the way, and, despite evidence which on any other 
subject would be conclusive, the most obvious sanitary re
quirements are often ignored or neglected. Many thousands 
of lives have been saved by the Sanitary Acts now in force ; 
but there is little doubt that more thorough organization under 
State control, as under a Minister of Public Health, would 
have most beneficial results, and would save a great many 
more. We must acknowledge, however, that we are much 
indebted to the action of the Local Government Board, under 
whose able administration the most crying evils are gradually 
being rectified. Through the wise precautions enacted by it 
against the importation and diffusion of epidemic disease, when 
other parts of Europe were affected by cholera, this country 
escaped, or so nearly so as to suggest that it was to sanitary 
measures we owed our immunity. That there is something in 
the nature of epidemics which brings them under the dominion 
of a common law as to their extension seems certain ; that there 
is much about them we do not yet grasp is equally true, but it 
is as surely the case that local sanitation is the preventive 
remedy as it is that coercive measures to arrest their progress 
are unavailing.

Under the improved system of sanitary administration which 
now obtains, and is gradually developing to a greater state of 
perfection, the sanitary administration of every district in the 
country is intrusted to the care of duly qualified health officers— 
a system from which excellent results have already accrued, 
and from which better still may be anticipated. The records of 
the past fifty years prove the influence exerted by sanitary mea
sures on vital statistics. The first reliable tables from which the 
expectancy of life may be derived show that in 1838 to 1854 it 
was for males 39 91 years, for females 41’85 years ; by the tables 
of 1871 to 1880 it had increased to 41'35 for males and 44 66 
for females. It is shown also that the expectation of life in
creases every year up to the fourth year, and decreases after that 
age. For males up to nineteen years it is higher by the last 
tables, but after that age it is higher by the old table ; for 
females it is greater by the new table up to forty-five, but after 
that age it is less. The improved sanitation saves more 
children’s lives, but the conditions of gaining a living are harder 
than they were at the time of the first table, which accounts for 
the expectancy of life for adult men being less. Women remain 
more nt home, where the better sanitation tells, and are not 
subject to quite the same conditions as men, so that their 
expectancy of life is greater than by the old tables up to the age 
of forty-five. A further proof of the effects of sanitary work is 
a decreased death-rate. Let us compare the death-rates of 
England during past times with the present ; whether they be 
equally significant for other countries 1 cannot say, but these, 
at all events, sufficiently prove the point in question :—

Death-rate.
1660-79 ••• 80 per 1000 I 1870-75
1681-90 ... 42'1 ,, I 1875-80
1746-55 ... 35-5 „ | 1880-85
1846-55 ... 24'9 ,, 1 1885-88
1866-70 ... 22'4 ,, I 1889

20 9 per 1000
20’0 ,,
*9’3 >>
18 7
1785 „

In some parts of England, where the main object is the re
covery or maintenance of health, the death-rate is down to 9 per 
1000, while in others, where the main object is manufacture and 
money-making, it is as high as 30 per 1000. Nowhere, I think, 
have the beneficial results of sanitary work been better illustrated 
than in India during the past thirty years. A Royal Commission 
was appointed after the Crimean war to inquire into the sanitary 
condition of the British Army, and this in 1859 was extended to 
India. The European army was the special subject of it, but the 
native troops were referred to incidentally. Here the inquiry had 
to deal with a large body of men, concerning whom, their con
ditions of existence being well known, reliable information was 

accessible. It was ascertained that up to that time the annual 
death-rate over a long period had stood at 69 per looo. The 
inquiry resulted in certain changes and improvements in the 
housing, clothing, food, and occupation of the soldier. Since 
those have been carried out there has been a steady decline in 
the death-rate, and the annual reports of the Sanitary Com
missioners to the Government of India give the rates as : in 
1886, 15'18 per 1000; 1887, 14'20 per 1000; 1888, 14'84 per 
1000. During some years it has been even lower, down to 
10 per 1000, whilst the general efficiency of the troops has in
creased. It is not easy to estimate the money equivalent of this, 
but if we take the rough standard which values each soldier at 
^100, a simple calculation will show how great is the gain, and 
who can estimate the value of lives saved and suffering avoided? 
As to native soldiers with whom the European troops may be 
compared, I find that the death rate was: in 1886, 13 27 per 
1000; 1887, 11'68 per 1000 ; 1888, 12'84 per 1000. Famine, 
cholera, and other epidemic visitations in some years disturb the 
regularity of the death-rate ; under less favourable conditions of 
living, as in the case of prisoners in the gaols, it is somewhat 
higher. In the Indian gaols, for example, it was : in 1886, 
31'85 per 1000; 1887, 34'15 per 1000; 1888, 35'57 per 1000.

On the whole, all this indicates improvement,1 and as regards 
the civil population progress also is being made ; but here, from 
so many disturbing causes, the figures are neither so easily ob
tained nor so reliable. The comparatively large mortality is 
due to neglect of the common sanitary laws added to extremes 
of climate, which favour the incidence and diffusion of epidemic 
disease, and intensify it when it has once appeared. A Sanitary 
Department has existed in India since 1866, and every effort is 
made by Government, at no small cost, to give effect to sanitary 
laws ; there can be little doubt that the results, so far, are good, 
that disease generally is diminishing, and that life is of longer 
duration. An important result of the observations of the able 
medical officers of the Sanitary Service of India has been to 
show that cholera is to be prevented or diminished by sanitary 
proceedings alone, and that all coercive measures of quarantine or 
forcible isolation are futile and hurtful. Here I may say that, large 
as may appear the death-rate from cholera in India (i.e. in 1888, 
I '99 per 1000 for the European armyand 1'35 for the civil popula
tion), it issmall compared with that of fevers, which caused in 1889 
4'48 per 1000 in the European armyand 17'09 in the civil popu
lation ; but there is every reason to believe that these also are 
becoming less fatal under the influence of sanitary measures. In 
preventive as in curative medicine, knowledge of causation is 
essential. It is obvious that any rational system of proceeding 
must have this for its basis. A certain empirical knowledge may 
be useful as a guide, but no real advance can be expected with
out the exactitude which results from careful scientific observation 
and induction ; the spirit of experimental research, however, is 
now dominant, and progress is inevitable. How much we owe 
to it is already well known, whilst under its guidance the reproach 
of uncertainty which attaches to medicine as a science is dis
appearing. Recent advances in physiology, chemistry, histology, 
and pharmacology, have done much to throw light on the nature 
and causes of, and also on the means of preventing or of dealing 
with, disease. It is impossible to exaggerate the value of the 
scientific researches which have led to antiseptic methods of 
preventing the morbific action of micro organic life, whether the 
toxic effects produced by them, or those induced autogenetically 
in the individual. Theory has here been closely followed by its 
practical application in prevention and treatment of disease, 
whilst the study of bacteriology, which is of such remarkable 
pre-eminence at the present time, is opening out sources from 
which may flow results of incalculable importance in their 
bearing on life and health. That the conclusions arrived at are 
always to be depended on I doubt, and it seems that scientific 
zeal may perhaps sometimes outrun discretion. That it might 
be wiser to postpone generalization has, I think, been more than 
once apparent, whilst the expediency of further investigation 
before arriving at conclusions which may subsequently prove to 
be erroneous should not be lost sight of; but it has probably

1 “ Ir i* to be noticed with regret that during the last five years there has 
been a tendency to revert to a higher death-rate and percentage of sickness. 
Let us hope this will prove only transitory ; the attention of sanitary au
thorities both at home and in India is anxiously directed towards the re
moval of whatever may be the cause of it. It is shown both by the vital 
statistics and the history of the chief diseases that there is in India an 
enormous amount of preventable sickness and death," but "that the local 
insanitary conditions or local disease causes are well known and widespread." 
—A. S. C.'s Reports for 1889.



ever been so in the course of scientific progress, that in the 
enthusiasm of research, which is rewarded by such brilliant 
results, early generalization has too often been followed by 
disappointment, and it may be by temporary discouragement of 
hopes which seemed so promising.

It would be well to bear in mind a caution recently given by 
the Duke of Argyll, “ that we should be awake to the retarding 
effect of a superstitious dependence on the authority of great 
men, and to the constant liability of even the greatest observers 
to found fallacious generalizations on a few selected facts” 
(Nineteenth Century, April 1891). Still, it is in the region of 
scientific research by experiment that we look for real progress, 
and we can only deplore the mistaken sentiment, the false esti
mate, and the misconstruction of its aspirations and purposes, 
which have placed an embargo on experiment on living animals, 
rendering the pursuit of knowledge in this direction well nigh im
possible, if not criminal ; whilst for any other purpose, whether 
of food, clothing, ornament, or sport, a thousandfold the pain 
may be inflicted without question. The inconsistency of the 
sentiment which finds unwarrantable suffering in an operation 
performed on a rabbit, when the object is to preserve human or 
animal life or prevent suffering, but which raises no objection to 
the same animal being slowly tortured to death in a trap, or 
hunted or worried by a dog, needs no comment; whilst the 
spirit which withholds from the man of science what it rtadily 
concedes to the hunter is, to say the least, as much to be 
regretted as it is to be deprecated.

It must be remembered that, important as are the researches 
into microbiology, there are other factors to reckon with before 
we can hope to gain a knowledge of the ultimate causation of 
disease. It is not by any one path, however closely or carefully 
it may be followed, that we shall arrive at a full comprehension 
of all that is concerned in its etiology and prevention, for there 
are many conditions, dynamical and material, around and wi'hin 
us which have to be considered in their mutual relations and 
bearings before we can hope to do so ; still, I believe we may 
feel satisfied that the causes of disease are now being more 
thoroughly sought out than they ever have been—all honour to 
those who are prosecuting the research so vigorously—and that 
though individual predilection may seem sometimes to dwell too 
exclusively on specific objects, yet the tendency is to investigate 
everything that bears upon the subject, and to emphasize all 
that is implied in the aphorism, Satus populi, suprema lex.

The morning sitting of the Section and most of the afiernoon 
sitting was devoled to papers and a discussion on “ The Mode of 
preventing the Spread ol Epidemic Disease from one Country to 
another.”

The chair was occupied successively by the President, Pro- 
fesseurllrouardel of Paris, and Prof, da Silva Amado of Lisbon.

Surgeon-Geneial Cuningham, of London, tpened the dis
cussion, and said ihe modes of prevention of spread of disease 
from one country to another were three in number, (1) quaran
tine, (2) medical inspection, (3) sanitary improvements. In his 
remarks he dealt chiefly with cholera, and he held that the chief 
factor of cholera, being carried by atmospheric currents, cannot 
be excluded from any country, and where it has been distributed 
over any area it excites the disease directly in many persons 
who are predisposed to it, and forms foci of it whenever it finds 
localities suitable for its increase; these are often very 
limited in extent, not embracing mote than a single house, 
or even a portion of a house, or ship ; the mortality among 
the steerage passengets in the latter is often very great, 
while the cabin passengers and all the crew have scarcely 
a case. Such foci are always badly ventilated, and the 
emanations arising in them acquire much greater density 
than in the open air; as a natural consequence the cloth
ing of those who reside in them absorbs an amount of the 
emanation sufficient to produce cholera in susceptible persons 
outside until it Las I een dissipated by exposure; those so 
affected, however, and the others who have contracted the com
plaint apart from such foci, do not seem to have any such 
influence, it being not the body but the emanations from the 
locality which generate the disease. Cholera, therefore, cannot 
be excluded f-om any country by general quarantine. All that 
can be done is by hygienic measures to improve the health of 
the population, and to remove the conditions which favour the 
formation of foci. The placing ships which arrive with cholera 
on board under observation, removing their crews and passen
gers to suitable localities on shore until the disease ceases among 

them, are very proper precautions, and may prevent a small 
amount of the disease among the surrounding population, but 
can never prevent an epidemic if the necessary factors be in 
progress.

Inspector-General Lawson then followed with a paper 
on “The Communicability of Cholera from one Country to 
another.”

To draw up a plan to prevent the extension of a disease, say 
cholera, from one country to another, with any prospect of 
success, it is necessary to have a general acquaintance at least 
with the different factors which contribute to the result, and of 
their mode of operation. The existing- information on these 
points falls far short of these requirements, and its increase has 
been enormously impeded by the belief that man himself is the 
chief agent in diffusing the disease ; and by interpreting the 
evidence obtained from various sources with an undue bias in 
favour of the theory. There has been, in short, and still remains, 
a most serious error in assuming that personal communication is 
the principal factor ; and a no less extensive error in the methods 
and reasoning by which the central idea of diffusion by man was 
ad vocated.

The character and causes of cholera must be derived from a 
critical examination of all the evidence Nature presents, and from 
a study of the methods she herself adopts, instead of from our 
a priori deductions. Cholera occurs in two different forms : 
simple cholera or cholera nostras, of little severity, and attributed 
to local causes ; and Asiatic epidemic, or malignant cholera, 
always a serious disease, and by many attributed to a poison 
given off by those labouring under it to others, and so diffused 
until it becomes epidemic.

Since 1832, when cholera visited Europe in the epidemic 
form, cholera nostras has been observed to fluctuate every few 
years, and with the milder cases occur a certain number present
ing all the characteis of the malignant disease ; these cases occur 
singly or in small groups, but in every instance they accompany 
epidemics of varying severity, at no very great distance off, and 
are under the same “epidemic influence.”

Those who support the theory that man diffuses cholera are, 
necessarily, required to show that persons under the disease 
must art ive at points where it has not yet appeared, before it 
commences in these latter, and that the first attacks in the new 
locality have been in persons exposed to the imported cases : 
but there are now a good many instances of epidemics springing 
up in localities at a distance from where the disease was 
already prevailing, and without any trace of importation, 
and where those first attacked had resided in the country for 
many months in succession without communication with any 
previous case. Such wete the outbreaks at Southampton in 
1865, at New Orleans in 1873, and at Toulon and the south of 

I France in 1884. all of which were most carefully investigated 
on the spot. The only other conclusion open was that the 
necessary factors were supplied by epidemic influence ; and if 
supplied in one instance, supplied in all: where there appeared 
to have been importation at the commencement of the outbreak, 
it must not be assumed that the disease was communicated by man 
unless Ihe epidemic influence could be excluded, as at present it 
could not. It seemed probable that the exciting factors were 
conveyed by the air, whether fully or only partially developed, 
and consequently it was not in our power to exclude them ; but 
much might be done by hygienic and other local means to limit 
their development in the localities they reached, and so to avoid 
excessive mortality.

Dr. Ashburton Thompson, official delegate of the Govern
ment of New South Wales, followed with a paper entitled 
“ Quarantine in Australasia : Theory and Practice.” He said 
that the amount of traffic which had to be dealt with was an 
important consideration in all questions of practical quarantine. 
The Australasian Saniiary Conference of Sydney, N.S.W., 
1884, was attended by delegates of each of the six Governments, 
and by the speaker. Their resolutions were unanimous, ac
cepted by each Government, and presented to each Parliament. 
They had not been modified since 1884, and were therefore 
those received in Australasia at the present day. Limited quaran
tine, medical inspection, the outcome of England’s local condi
tions, was exactly suited to them, but not necessarily suitable, 
therefore, where local conditions differed from England’s. The 
first proposition of the Conference was that the degree of protec
tion which quarantine measures can afford varies inversely with 
the ease of communication between the infected country and the 
country to be defended. The difference between English and



Australasian conditions was described. The Conference rejected 
ancient quarantine as a principle of action, and on account of 
easy and daily interchange of population between the six 
territories decided to regard Australasia as constituting one 
epidemiological tract, and consequently to relinquish all 
quarantine as against each other. Then, before adopting 
resolutions which would affect others, they put themselves 
in order by declaring in a second proposition that quarantine 
can yield protection commensurate with its costs only to countries 
whose internal sanitation is good ; and they recognized defects 
inherent in all quarantine measures by declaring, in a third 
proposition, that the function of quarantine is not to exclude in
fection, but to lessen the entering number of foci of infection, and 
thus made it clear that exclusive reliance was not placed by them 
on quarantine as a defence against imported disease. Having 
thus indicated what should be refrained from, it proceeded to 
say what should be done. Nations whose internal sanitary 
organization was not perfect cannot afford to refer the observation 
of suspects to the country at large. It was decided consequently 
that limited quarantine should be employed against ships actually 
carrying cases of exotic disease—that was, that vessels and 
equipment should be cleansed forthwith and held for delivery to 
owners at earliest possible date, but that the ship’s company 
should be detained in isolation for periods slightly in excess of 
recognized clinical incubation periods. Medical inspection was 
thus rejected as a principle of action not less than ancient 
quarantine, but still not inconsiderately ; when imported disease 
was one already familiar ashore, the circumstances were seen to 
resemble England’s, and then medical inspection must (not 
might or could) be used. Accordingly, in case of scarlatina or 
the like, patients were removed to ordinary isolation hospital 
(not quarantine), the quarters cleansed, and the ship discharged 
in the usual way after five or six hours’ detention. These 
principles were strictly adhered to by the Government of New 
South Wales since 1884. If not quite so closely by the other 
five Governments, the reason was probably political rather than 
commercial or scientific.

Dr. Rochard, of Faris (whose communication was read by Dr. 
Jules Bergeron', said that the means of preventing the transmis
sion of epidemic diseases, such as the plague, yellow fever, and 
cholera, were threefold—namely, isolation, disinfection—and 
sanitation. The first was the simplest and the most radical. 
It was also the most difficult to use, because it required the 
intervention of public enactments, and the existence of an entente 
internationale. It was the system of quarantine and of the 
sanitary cordons. The second was more modern, and was the 
result of the development of contemporary science. The third 
rested on the progress of urban hygiene. It was probable 
that when we had sanitary towns we could brave epidemics. 
England had spent five millions since the commencement of the 
century, and it did not fear cholera during the last epidemic. 
Some of England’s resistance to the cholera must be ascribed to 
its great distance from the source of cholera. M. Rochard next 
proceeded to detail the means taken at the frontier by the French 
authorities during the last cholera epidemic in Spain, and 
expressed the belief that it was necessary to persevere in the 
employment of those measures which responded to the neces
sities of the moment and to our present knowledge, until the 
future developed some better remedy.

Dr. Slekoulis, of Constantinople, after mentioning the methods 
quarantine and inspection, detailed by previous speakers, said 
that Turkey was like numerous other countries, one in which 
sanitary organization had yet to be carried out. If cholera has 
entered Turkey in these last years by Basjorah (Persian Gulf) 
and by Camaran (Red Sea) it was that the lazarets are not in 
accord with the progress of sanitary science. The pilgrimage of 
the Mussulmans to Mecca is also a great source of danger to the 
country. The lazarets of Turkey ought to be made sanitary, 
and there would be a great danger removed.

Dr. Hewitt, of Minnesota, U.S.A., said they had very little to 
do in his State with disease properly called epidemic except that 
of small-pox. Cholera had but once obtained something of a 
lodgment, and then it came directly from the port of New York. 
Small-pox came to them directly through emigration from the 
ports of England, and most of it came through the Gulf of St. 
Lawrence. Only the other day cases came from Liverpool to 
Minnesota. He mentioned one case in which infection was 
carried in the clothing of a woman who did not have the disease 
herself, but had been exposed on shipboard to it. The epidemic 
resulted in 300 deaths. For interior States like Minnesota the 

demand was that there should be complete sanitary central organ
ization, with local organization in direct relation thereto, and 
that this organization should stand in direct relation to the 
quarantine service, which should be bound to give notice to the 
interior authorities of the presence of disease or infection, 
and that they should all co-operate for its control.

Dr. Simpson, of Calcutta, slated that the real source of cholera 
epidemics in Europe was, in his opinion, from emigrants and 
pilgrims coming over land and in ships to Mecca, where there 
was a focus 2000 miles nearer Europe than any Indian port.

Dr. Leduc, of Nantes, agreed with Dr. Cuningham as to the 
need of improved sanitary conditions in our towns, but he 
strongly disagreed with him when he proposed the suppression 
of quarantine. Modern science teaches us that contagious dis
eases are spread by wandering germs : isolation must therefore 
be a preventive to the spread of the disease, and quarantine 
presents us with the best means of isolation, so that to propose 
the suppression of quarantine was to propose a measure at once 
irrational and contrary to the principles of modern science.

Dr. Thorne Thorne, of London, spoke of the need of sanitary 
reform in towns, and deprecated the so-called protection of a 
country by means of cordons, quarantine, &c. The sixteen days’ 
quarantine decided at Constantinople in 1866 failed, the ten days’ 
quarantine decided at Vienna failed, and yet the five days’ sug
gested at Rome is to succeed. The contention is altogether 
illogical.

Prof. Stokvis, of Amsterdam, said that at the International 
Medical Congress at Amsterdam there was a discussion on 
quarantine, in which the same arguments for and against were 
used as now. He then had no steadfast conviction. Now he 
had, and it was, that the only way to prevent the spread of 
epidemic diseases, and especially of cholera, was to make sanitary 
improvements. He had arrived at this conclusion by the study 
of the history of cholera in India, where cholera diminishes as 
sanitation improves. In the Dutch Indian Archipelago, where 
quarantine is of no consequence, the following figures show the 
great diminution in the death-rate which ensued on sanitary 
improvement. From 1864-78 the death-rate in the European 
army was 15 per 1000. In 1878 artesian wells, &c.,were made. 
In 1879-83 the death-rate fell to 6'4 per 1000 ; and in 1884-88 
10 3'5 Per 1000. These figures are very striking, and lead one 
to hope that the saying of the late Prof. De Chaumont will come 
true, that the time will arrive when cholera will only be an 
historical curiosity.

The following gentlemen also took part in the discussion: 
Dr. Felkin of Edinburgh, Prof. Brouardel of Paris, Sir Joseph 
Fayrer, Surgeon Major Pringle, Surgeon-General Cook, Dr. 
Robert Grieve of British Guiana, Dr. Ruijsch of the Hague, 
Brigade-Surgeon Staples, Surgeon-Generals Cayley, Ewart, and 
Beatson, Sefior Vicente Cabello, and Brigade-Surgeon McGann.

In the afternoon, Sir John Banks, K.C.B., in the chair, Dr. 
Manson read an elaborate paper on “ The Geographical Distri
bution, Pathological Relations, and Life-history of Filaria 
sanguinis hominis diurna and Filaria sanguinis hominis 
perstans in connection with Preventive Medicine.” The paper 
was illustrated by numerous microscopical specimens.

Dr. Manson said that the discovery of the blood-worms herein 
named Filaria sanguinis hominis diurna and Filaria sanguinis 
hominis perstans suggests an investigation into their possible 
pathological relations, and into their life-histories, with the view 
to intervention in respect to them of preventive medicine.

The facts that these parasites and the disease known as negro 
lethargy, or sleeping sickness of the Congo, are endemic in the 
same region, the West Coast of Africa; that neither can be 
acquired unless in this particular region ; and that sleeping sick
ness may declare itself many years after the endemic region has 
been quitted, and that these filariie continue to live for many 
years after the negro has left Africa ; suggest a possible relation
ship between these parasites and this disease.

A papulo-vesicular skin disease called craw-craw is endemic in 
the sleeping sickness region, and sleeping sickness is often ac
companied by a similar papulo-vesicular skin disease, probably 
the same. O’Neil found a filaria like parasite in the vesicles of 
craw-ciaw. Nielly considers a disease he calls dermatose 
parasitaire, which he found in a lad in France, the same as the 
African craw-craw ; he discovered in the vesicles of the skin in 
this case the same or a similar parasite to O’Neil’s. Nielly, at 
the same time, found an embryo filaria in his patient’s blood 
which was undoubtedly an earlier form of the skin worm. From 



this the inference may be drawn that, in certain cases, at all 
events, of sleeping sickness a filaria embryo is present in the 
blood.

Filaria s. h. diurna and Filaria t. h. perstans have both 
been found in a case of sleeping sickness.

These facts taken together amount to a presumptive case against 
one or other of these parasites as the cause of sleeping sickness.

The probable life-histories of these worms is then indicated, 
the Filaria loa being considered the parental form, and an in
sect, called the mangrove fly, the intermediary host of Filaria 
s. h. diurna. The parental form of Filaria s. h. perstans is not 
known, but, assuming that the worm of craw-craw, sleeping 
sickness, and dcrmatose parasitaire is the same, and that the 
skin form is an advanced stage of the embryo filaria found in the 
blood, then, arguing from the analogy to what happens in the 
case of the embryo of Filaria nudinentis, which closely 
resembles this skin parasite, the probable intermediary host of 
Filaria s. h. perstans is a freshwater animal, possibly a cyclops.

Provided the hypotheses as regards these parasites and the 
diseases they produce are correct, both disease and parasites 
may be avoided by securing a pure water supply to which the 
intermediary hosts of the parasites do not get access.

Travellers, missionaries, and others in Africa are appealed to 
for assistance in clearing up the subject, and for further in
formation.

An appendix to the paper contains directions for demonstrating 
in the surest, most rapid, and most effective way the presence or 
ab-ence of filaria embryos in blood, and of making collections of 
slides of blood for storage and future examination.

Dr. Sonsino, of Pisa, made a few remarks on Dr. Manson’s 
paper. The meeting then adjourned.

On Wednesday, August 12, the chair was occupied suc
cessively by Sir Joseph Fayrer, Dr. Pistor of Berlin, and 
Surgeon-General Roth of the Saxon Army.

Discussion on Diphtheria.
Dr. Edward Seaton, of London, opened a discussion on 

“ Diphtheria, with special reference to its distribution and to 
the need for comprehensive and systematic inquiry into the 
causes of its prevalence in certain countries and parts of 
countries, with a view to its prevention.”

Dr. Seaton said that he should confine himself in introducing 
this subject to leading statements, showing the necessity for com
prehensive and systematic inquiry to be promoted by Govern
ment into the causes of the prevalence of diphtheria in certain 
countries and parts of countries, with a view to its prevention. 
He first of all pointed to the special prevalence of the disease, as 
shown by Dr. Longstaff, in Norfolk and Wales, and the com
parative freedom of Devonshire, Cornwall, and the Midlands. [ 
He then dwelt on the facts that the disease prevailed more in ’ 
rural than urban districts, although it has shown of late years an 
increasing preference for urban populations, especially that of 
London. He showed the independence of the disease of what 
are ordinarily called sanitary conditions, and illustrated this by a 
table taken from Dr. Thorne Thorne's recent lectures at the 
Royal College of Physicians, showing the fall in enteric fever 
mortality in England and Wales which had synchronized 
with a rise in the mortality from diphtheria. He further 
illustrated the independence of diphtheria prevalence of 
what arc usually termed sanitary conditions by experiences 
gathered from a large manufacturing town in the Midlands, and 
from certain parts of the metropolis in which he had special 
opportunities for observation as a medical officer of health, as 
well as in connection with the work of the Metropolitan Asylums 
Board, into whose hospitals cases of diphtheria had been re
ceived during the last three years. He also gave a recent 
experience of a Surrey village, in which the disease had pre
vailed in an epidemic form, shortly after the replacement of the 
old insanitary cesspool system by a new and elaborately con
structed sewerage system. The occurrence of the disease under 
these circumstances gave rise to the suspicion that there might be a 
connection betweendiphtheria and conditions of soil, which needed 
to be investigated in a comprehensive and systematic manner. 
In conclusion, he pointed out the importance of these main con
siderations, viz. : (l) the prevalence of the disease in strikingly 
different degree in countries in the same latitude and with similar 
climatic conditionsand also in parts of countries close to each other, 
(2) the fact that it has not apparently been influenced favourably 
by the adoption of sanitary measures which have been generally 

found effective in reducing the death rate, prove the necessity 
for a comprehensive inquiry by our own Government as well as 
those of other countries, into the causes which determine the 
prevalence of diphtheria. Such an inquiry should take into 
account what has already been ascertained with regard to the 
occasional causation and spread of the disease by milk, and 
the influence which schools have on its production and spread, 
and also the subsidiary influence of dampness, dirt, overcrowd
ing, &c. ; but its main object would be to ascertain the local 
conditions and circumstances which account for the growth of the 
disease. To ascertain these the inquiries must, of course, be 
made in countries marked by freedom from the disease as well 
as in those which suffer from it specially.

Dr. Schrevens, of Tournai, followed with a paper entitled 
“ Contribution a 1’etude des causes favorisant les endemies 
diphtheritiques,” of which the following is an abstract.

By investigating carefully how the ravages committed by 
diphtheria are distributed over the different districts, one can 
attain more easily to a precise knowledge of the external con
ditions which favour the harbouring of diphtheritic germs, and 
which result in such germs being brought into a locality. In
vestigations were made by the author in Belgium with thisobject. 
Thanks to the figures kindly furnished by Dr. Kuborn, the 
distribution of diphtheria throughout the different provinces of 
Belgium for the ten years from 1871 to 1880 has been deter
mined. The same having been done for typhoid fever, it was 
noticed that where this latter disease committed the greatest 
ravages the same fact was observable in the case of diphtheria ; 
and that where diphtheria secured its smallest number of 
victims the number of deaths caused by typhoid fever dimin
ished equally. This parallel rise and fall of the mortality 
caused by typhoid fever and diphtheria is shown in two 
diagrams placed near each other on the same sheet; in the 
first, the parallelism is less evident, because one province, East 
Flanders, forms an exception to the rule I have just laid down ; 
in the second diagram this province is omitted, and the parallel 
march of diphtheria and typhoid fever stands out clearly. On 
what does this relation, this agreement rest ? On this fact, that 
these two diseases must be considered as fcecal diseases, as B. 
Russell, of Glasgow, has remarked. The bacilli of Liiffler, like 
the bacilli of Eberth, develop admirably, prosper, and extend 
w herever filth and rubbish of all kinds are stored up or spread 
out ; there exists, however, this slight difference between the 
conditions which arc severally favourable to them : impurities 
on the surface of the soil suit the bacilli of Lbffler in a special 
degree, while impurities of the subsoil please the bacilli of 
Eberth better.

Even the exception formed by East Flanders tends to confirm 
this rule, inasmuch as it is perfectly clear that its surface ought 
to be more easily cleared of all impurities by reason of the 
numerous watercourses which furrow it. A further proof that 
it is, in a special degree, impurities of the surface which serve 
to harbour diphtheritic germs in certain localities, is the ex
aggeration of mortality from diphtheria in country districts com
pared to what obtains in towns ; density of the population is 
not of the least influence on the increase of the mortality due to 
diphtheria ; but the surface of the soil is much better protected 
in towns against impurities of all kinds.

Another circumstance which may foster diphtheria in a locality 
is the breeding of certain species of animals presenting a great 
receptivity for diphtherogenic germs: for example, Italian 
fowls and game-cocks. The transmission of diphtheria to man 
by these animals is so well established by the observations col
lected by the author for several years past that he feels per
suaded of the need of further attention being paid to this 
subject. Finally, a third condition which necessarily fosters diph
theria in a locality is the negligence exercised in the application 
of measures of disinfection and isolation.

Every case of diphtheria must be notified to the local 
authority, who will see to it immediately that all the children 
of the sick person’s family be kept away from school as long as 
any danger of contagion exists. In every case disinfection 
must be rigorously attended to and performed by special agents. 
Notification and disinfection ought to be obligatory.

The altitude of the locality does not probably exercise any 
very great influence. One would suppose that diphtheria would 
be specially prevalent in low, damp places. Recent obser
vations by the author on the progress of diphtheria in three 
contiguous parishes of the district of Ath (CEudeghien, Ostiches, 
and Mainvault), show that in each of these parishes there was a 



principal seat of the malady, and that in the three parishes this 
seat was in precisely the most elevated hamlet of all, a fact 
which from the first appears somewhat strange. One may, 
perhaps, conclude that Loffler’s bacillus does not like too much 
damp, and that it is in this respect that its character differs from 
the bacillus of Eberth.

Dr. Hewitt, Secretary and Executive Officer of the State 
Board of Health of Minnesota, U.S.A., said that hi- experience 
covered eighteen years of sanitary service with the disease in an 
interior State of the American Union with a very complete 
public health service, consisting of 1575 local boards of health, 
with a State Board. Notification of infectious disease l>y 
physicians, householders, hotel and inn keepers, has been obli
gatory since 1883 with penalty, as is also isolation and dis
infection by the local boards of health. The facts believed to 
be proven in Minnesota were that the disease is very infectious, 
that it is communicable by persons and things, that the infec
tion lives and grows outside the body and below the body 
temperature, that it is very tenacious of life as against measures 
of disinfection, and lives for long periods in clothing and bedding 
and on floors and walls. Isolation and systematic disinfection, 
with the most perfect sanitary regulation, arc most efficient at 
present in the control of the disease. Since these had been in 
efficient use the prevalence had assumed a family character, 
limiting itself to one or more associated families, and rarely 
going beyond, except by evasion of the law on the part of an 
infected person. What was needed now was more careful 
collection of the facts of each outbreak with a view to a more 
accurate knowledge of the disease, not neglecting the preventive 
and controlling measures now found to be most efficient, as above.

Dr. Jules Bergeron, of Paris, followed with a paper entitled 
“Notesurla Prophylaxie de la Diphtheric.” Dr. Bergeron said 
that the measures to be taken against diphtheria were disinfec
tion and isolation : disinfection of all clothing, &c , contami
nated with secretions from the affected parts ; isolation of all 
cases and of all doubtful cases, such as those of a herpetic 
character, which are difficult to distinguish from diphtheria in 
the early stage of the disease. An important question to be 
answered is, How long ought isolation to continue ; how long, in 
fact, does contagion last ? Dr. Bergeron says that he adopts six 
weeks’ isolation as the maximum, and that he has never observed 
a case of transmission of the disease when a case has been isolated 
for this period.

Dr. Gibert, of Havre, spoke of diphtheria in Havre. He 
said that diphtheria appeared in Havre about i860, and was 
limited to the Graville Quartier. In 1864, there was an 
epidemic close to Eryonville. From this date the number of 
deaths constantly increased, and the disease, which at first was 
confined to only a few localities, spread throughout the town. 
The severity of the disease increased until 1885, when a 
brigade de salubrit/ was formed as an annexe to the Bureau 
d'Hygiene. The dwellings occupied by diphtheritic patients 
having been regularly disinfected, the mortality curve has since 
decreased to such an extent as to justify the hope of its total 
extinction, provided all the medical men of the town furnish 
accurate information to the Bureau d’Hygiene.

Dr. S. W. Abbott, of Boston, U.S.A., read a paper on 
“ Diphtheria in Massachusetts from 1871-88.” From his observa
tions he concludes that diphtheria is an eminently contagious 
disease, that it is infectious, not only by direct exposure of the 
sick to the well, but also through indirect media, such as cloth
ing and other articles that have come in contact with the sick ; 
that the infection is not so great as in the case of some of the 
other infectious diseases, notably small-pox and scarlet fever. Dr. 
Abbott al-o concludes that overcrowding, &c., favours the spread 
of the disease ; but that its transmission through the water supply 
is not proved. Its transmission is favoured by soil-moisture and 
damp houses; and the poison may remain infective in houses for 
a long period.

Mr. Matthew A. Adams, of Maidstone, read a paper on 
"The Relationship between the Occurrence of Diph'heria and 
the Movement of the Subsoil Water.” The conclusions he 
arrived at were that the organism of diphtheria inhabits organic
ally polluted surface-soil, and that, subject to suitable conditions 
of environment, especially as respects moisture, temperature, and 
food, it thrives and multiplies in the soil, the micro-organism 
thus produced being liable to displacement from the interstices 
of the polluted surface soil, and to dispersal into the superin
cumbent air; in this manner determining outbreaks of the disease. 
So that, given the existence of the pathogenic organism, two sets 

of factors at least are engaged in the production of a state of 
affairs that culminate in an outbreak of diphtheria. First, those 
that promote and support the growth of the germ in the soil, 
such, for instance, as moisture, temperature, air, food, and so 
on. Secondly, agents of dispersal, by which the germs already 
existing in the soil are driven out and distributed into the atmo
sphere, and so come to be breathed by man and animals ; for 
example, sudden rainfall, rise of subsoil water, lowering of 
barometric pressure.

Mr. Charles E. Paget, of Salford, followed with a paper on 
“ A Local Examination of the Difference in Susceptibility 
between Old and New Residents.”

The general conclusion at which he arrived as the result of an 
examination of the statistics of Salford was, that a shorter 
average period of residence before an attack of diphtheria was 
observed where the general mortality rate was highest and vice 
vend ; that, in fact, the relative incidence of diphtheria during 
an epidemic period, in respect of length of residence, was de
pendent to no small extent on general sanitary circumstances.

Prof. D’Espine, of Geneva, followed in the discussion. He 
drew attention to the great value in the prophylaxis of diphtheria 
in the systematic washing out of the mouth and pharynx by 
antiseptic solutions, corrosive sublimate (l in 10,000), salicylic 
acid (I in 2000), and lime-juice. In his practice he used salicylic 
acid in the strength of 1J to 2 per tooo.

Dr. Tripe, of Hackney, who followed, said he had had large 
experience of this disease, as he had been 35 years Medical 
Officer of Health in Hackney. During that time all deaths had 
been investigated, and lately all cases, with the result that there 
was no evidence that insanitary conditions of houses caused the 
disease, although they might predispose to it. He believed that 
closing playgrounds in schools is as effectual in checking the 
disease as closing the schools ; that prompt removal to hospital 
and disinfection of clothing and rooms, burning of infected rags, 
&c.. are the best methods for checking the disease.

Dr. Thursfield, of Shrewsbury, agreed with Dr. Hewitt that 
dampness had a great deal to do with the etiology of diphtheria; 
he had himself stated so thirteen years ago in a series of papers 
on the subject. He thought Dr. Adams’s conclusion regarding 
the connection of the rise and fall of the subsoil water with out
breaks of diphtheria a somewhat hasty generalization.

Dr. Giinther of Dresden, Dr. Janssens of Brussels, Dr. 
Hubert of Louvain, Dr. Escherich of Graz, Dr. Jules Felix of 
Brussels, and Dr. P. Sonsino of Pisa, also took part in the dis
cussion ; many of the speakers emphasizing the need of local 
antiseptic measures in the prophylaxis of diphtheria.

At the end of the discussion, the following recommendation 
was unanimously adopted by the Section :—

"That this Section urges the European Governments to 
make a comprehensive and systemative inquiry into the causes 
of diphtheria.”

On Tuesday afternoon. Sir John Banks, K.C.B., and 
Overlaege Bentzen, Christiania, occupied the chair.

Discussion of the Preventaiiility of Phthisis.
Dr. Arthur Ransome, F.R.S., read a paper “ On the Need of 

Special Measures for the Prevention of Consumption." He said, 
that consumption is both curable and preventable will be 
acknowledged at once by all medical men who have had any 
experience of modern methods of dealing with the disease.

Its curability is attested (1) by the reports of many pathologists 
as to the presence of evidence of healed phthisis in a large pro
portion of bodies examined in public institutions. Many 
thousands of such examinations have now been made, and the 
results show that from 25 to 50 per cent, of persons dying from 
other diseases than phthisis give signs of spontaneous cure of 
tubercular disease. (2) The testimony of all the most eminent 
modern physicians is to the same effect, that consumption is 
distinctly curable.

With regard to the preventability of the disease we have also 
a strong basis for our faith.

(1) In the marvellous results that followed the improved 
drainage and ventilation of the barracks of the British army in 
all parts of the world. Before the year 1854, the mortality from 
lung disease amongst the picked population of these dwellings 
was a scandal to the nation, and was enormously greater than 
that of the ordinary inhabitants of our towns, especially in the 
battalions sent to warm climates, such as those of India, Ceylon, 
the West Indies, the Mediterranean, &c.



Thanks to the above-mentioned measures, it now stands at 
from one-third to one-tenth of its former rates.

(2) The influence of improved drainage has been shown by 
Dr. Buchanan, in his table of towns, contrasting the mortality 
by phthisis and other diseases before and after the introduction 
of improvements in this direction ; and lastly, by the reduction 
of the general phthisis rate of the country from 2500 per 
1,000,000 in 1867, to 1500 per 1,000,000 in 1889.

My own observation in Manchester and Salford, and those 
of Dr. Irwin in Oldham, and of Dr. Flick in Philadelphia, 
point to the existence in towns of tubercular areas and infected 
houses.

Under these circumstances it seems to me that the duty of 
sanitary authorities is clear. They should regard phthisis as a 
disease to be dealt with on precisely the same lines as the 
analogous diseases, typhoid fever, cholera, and leprosy—diseases, 
namely, which are slightly, if at all, directly contagious, but 
which spread by material thrown off from the bodies of the 
patients. The means to be employed to this end would also be 
very similar: (1) notification of cases; (2) disinfection; (3) 
hospital accommodation ; and (4) general sanitary measures, 
such as ventilation, drainage, and reconstruction of unhealthy 
areas.

(1) Notification.—At first it may sound somewhat novel to 
demand that a slowly progressing ailment like phthisis should 
be notified as if it were liable to become an epidemic disease; 
but, after all, we may fairly inquire whether the purpose of 
notification is not the prevention of any disease that could be 
arrested by early intelligence of its existence being sent to the 
health officer, nor would there be much difficulty in obtaining 
the notification of phthisis. Although phthisis is not directly 
contagious, there would be nothing unreasonable in classing it 
with other diseases that need special measures to prevent its 
spread.

(2) Disinfection.—After receiving notice of a case of tubercu
losis, the next step to be taken by a local authority would be to 
ascertain whether proper care is or can be taken to prevent 
injury to the public health. In the case of well-to-do persons 
the infoimation given by the medical attendant would be suf
ficient, but where the case is that of a poor person it should be 
visited, and the local authority should see to the regular cleans
ing and whitewashing of the premises, and to the disposal of 
excretions, especially of the expectorated matter. If necessary, 
disinfection by sulphur and the steaming of clothes should be 
carried out. Paper spittoons that can be burnt should be in
sisted upon. After death, also, measures should be taken for 
the cleansing and disinfection of house, bedding, and clothes.

(3) Hospital Accommodation.—Thete would next come the 
question of the propriety or possibility of removing the sick 
person to hospital. So long as he (or she) could work, and so 
long as he would consent to use the necessary means for destroy
ing the infective material, it would be unnecessary to do more 
than I have already indicated; but when the patient becomes 
unable to follow his employment, and the family are obliged to 
seek for assistance from the parish, he has a claim to be received 
into the workhouse hospital, and such an asylum should be 
offered him, and should be made as little humiliating and as free 
from ignominy as possible.

(4) But it is probably to general sanitary measures that we 
must look for any large reduction in the rate of mortality from 
tubercle. It has been found that deep and thorough drainage 
of the subsoil will greatly diminish this mortality. In the case 
of Salisbury, as you are probably aware, it was reduced by one- 
half, and similar reports have come from other towns ; and 
though the same result has not always been obtained elsewhere, 
there can be no doubt as to the importance both of draining 
and concreting the foundations of dwelling-houses, so as to 
prevent organic vapours from rising along with the ground air 
into living-rooms.

It is for this reason that I have ventured to suggest that where 
consumption is prevalent there must exist some special nutri
ment which either (1) serves to prolong the lite of the bacillus 
of tubercle, or (2) which may even increase its virulent proper
ties, this special element in foul air being either the organic 
matter exhaled from human bodies, or the emanations from 
polluted ground air from badly drained subsoils. I should 
imagine that either of these hypotheses might account for the 
result, and certainly in the few experiments which I have 
cairied out to find the conditions that modify the virulence of 
the bacillus it was proved that foul air caused the organism to 

retain its power for evil much longer than when it was exposed 
to some fresh air and light.

It is possible that these may be regarded as somewhat strong 
proposals, but at least they have the merit that they may all be 
put in force without any material increase in the powers now 
possessed by local authorities. The only thing needed to enable 
them to be carried out in their entirety is a powerful public 
opinion to back them up. When people generally, and espe
cially the working classes, realize that a large part of their sick
ness and consequent loss of time and money is due to their 
neglect, they will unquestionably be on our side. The under
taking possesses, moreover, the further merit that not only 
will all this sanitary improvement prevent consumption and 
other tubercular diseases by doing away with the sources 
of infection, but it will also prevent them by raising the 
general standard of health amongst town dwellers. It 
will so strengthen those who are already predisposed to 
the disease that they will more readily throw off any stray germs 
of tubercle that may find an entrance into their bodies. It will 
conduce to spontaneous cure, will prevent recurrence of the 
disease, and will ward off attacks from those who are now 
healthy.

Prof. Finkelnburg, of Bonn, read a paper “On the Influence 
of Soil on the Spread of Tuberculous Diseases.”

He showed on a large map of Germany that the localities where 
phthisis was most prevalent were those in which there was a 
moory soil with stagnating and high-standing ground water ; 
such as some districts in the north western provinces, in the 
Rhenish province, in Upper Bavaria, and in some parts of 
Silesia. These facts agree with the conclusions of Bowditch 
and Buchanan. Overcrowding did not appear to have much 
influence on the spread of phthisis.

Dr. J. Edward Squire, of London, read a paper entitled, 
“To what extent can Legislation assist in diminishing the 
Prevalence of Consumption and other Tubercular Diseases,”

Dr. Squire considered that the danger of infection increased 
with the close crowding of the sick and healthy, and with defi
cient ventilation ; and that by sanitary improvements this danger 
might be obviated. There ought also to be a proper supervision 
of food (meat and milk) cbtained from tuberculous cattle. Trades 
in relation to phthisis were also discussed.

Dr. Gibert, of Havre, followed with a paper entitled “ De la 
distribution geographique de la Phthisie pttlmonaire dans la 
ville de Havre : Rapports de la Phthisie avec la densite de la 
population, avec I’alcoolisme, et avec la misere.” Dr. Gibert 
thought from his observations that overcrowding was a great 
factor in the etiology of phthisis : but that alcoholism played a 
much greater part, and poverty was also a factor. He showed 
on a map the distribution of phthisis in Havre.

Sir John Banks, of Dublin, who spoke in the discussion, 
mentioned that the sanitary improvements undertaken in Dublin 
had produced a great diminution of disease. Practice both in 
hospital and private had demonstrated this to him.

Mr. Weaver, of London, and Dr. B. O’Connor also took 
part in the discussion.

LETTERS TO THE EDITOR.
{The Editor aoes not hold himself responsible for opinions ex

pressed by his correspondents. Neither can he undertake 
10 return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part ofN ature. 
No notice is taken of anonymous communications.}

Aerial Roots of the Mangrove.
In your note on a recent meeting of the Royal Botanic Society 

(July 30, p. 304), it is stated that the only explanation yet offered 
of the erect aerial roots of Avicennia nivea is that ol detaining 
the debris and preventing the soil from being washed away. 
Without in any way detracting from the ingenuity and prob
ability of Mr. Sowerby’s explanation, it can hardly be admitted 
that this is the only explanation that has as yet been proposed. 
The peculiarities, both structural and physiological, of the man
grove-vegetation of the swamps of the Malayan Archipelago 
have been, during recent years, a special subject of investigation 
by botanists located at the Botanical Laboratory at Buitenzorg ; 
the most recent and most important addition to its literature 
being comprised in the 22nd Heft of Luerssen and Haenlein’s



“ Bibliotheca Botanica,” illustrated by eleven fine plates, by 
Herr G. Karsten. Herr Karsten points out that, in addition to 
the obvious mechanical function of these roots, serving as a 
supporting organ to attach the trees more firmly to the very 
loose soil in which they grow—this is especially observable in 
Rhitophora mangle—there is another important function per
formed by them, at least in a large number of the trees which 
make up the mangrove-vegetation, though I do not recollect 
that Avicennia nivea is especially mentioned. In the species 
examined by Karsten, these aerial roots possess very large inter
cellular spaces, which serve to promote the interchange of gases ; 
and he considers it unquestionable that their chief function is to 
assist respiration. He therefore proposes for them the term 
“pneumatophores." It would be interesting to examine the 
structure of the trees at the Botanic Garden in this respect. 
All mangrove-trees also contain large quantities of tannin, which 
is probably serviceable in preventing rotting.

August 1. Alfred W. Bennett.

The Tasman Sea.
I send you the inclosed copy of a letter from the Secretary 

of the Admiralty, in case you should consider the matter of 
sufficient interest for notice in your columns.

A. Liversidge, Permanent Hon. Sec.
Australasian Association for the Advancement

of Science.
The University, Sydney, July 4.

Admiralty, May 19, 1891.
Sir,—With reference to your letter of March 17, forwarding 

copy of a resolution passed by the Australasian Association for the 
Advancement of Science at the meeting held at Christchurch, 
New Zealand, that the name of Tasman Sea should be given to 
the sea between New Zealand and the islands of the north-west 
of New Zealand on the one hand and Australia and Tasmania 
on the other, I am commanded by my Lords Commissioners of 
the Admiralty to acquaint you that the name will be inserted in 
Admiralty charts and other publications.

I am, Sir,
Your obedient servant, 

Evan MacGregor.
To Prof. Liversidge, M. A., F. R.S., 

The University, Sydney.

Reduplication of Seasonal Growth.
Last summer I sent you a note on the occurrence of apple

blossoms and the blossoms of the mountainash in July. Before 
me now, as I write, is a simple but elegant bouquet containing 
a beautiful and fragrant corymb of the latter tree in full flower, 
side by side with one of the ripe scarlet fruit, which the black
birds have begun to devour. These were cut from one and the 
self-same tree this mon.ing at the top of my garden ; while from 
an adjoining tree was gathered a twig carrying four pinnate 
leaves from which all the chlorophyll has disappeared; the 
phenomena which mark the beginning and the end of the season 
thus appearing side by side. These trees grows on the Upper 
Bagshot Sands, and 1 have no doubt that this reduplication of 
seasonal growth is due to the later rains developing some centres 
of flowering energy in the plant, which had remained dormant 
during the spring owing to deficiency of moisture and warmth.

Wellington College, Berks, August 17. A. Irving.

conditions in practice of giving results which are at all trust
worthy. Thos. Fletcher.

Grappenhall House, Grappenhall, near Warrington,
August 17.

Rain-gauges.
I have been using the ordinary Symonds pattern rain-gauge, 

but find that the percentage of rain collected varies in propor
tion to the strength of the wind ; when this is moderately 
strong, almost the whole of the rain passes across the top, 
striking and being retained by vertical surfaces only.

The present method of estimating the rainfall is far from 
being either correct or uniform, and I should like to ascertain if 
any gauge has been made with a correctly-proportioned inverted 
cone, which will collect and compensate for side drive; and, if 
so, what are the correct proportions. It would appear that 
either this, or a funnel mounted on gimbals and balanced to face 
the wind at the correct angle, must be the only correct method 
to ascertain the actual rainfall. The present apparatus would 
appear to be crude, untrustworthy, and incapable under any

THE BRITISH ASSOCIATION.
(from our correspondent.)

Cardiff, Wednesday Morning.
THE preparations of the Local Committee arc now in 

an advanced state, and members of the Association 
are beginning to arrive in considerable numbers.

A change has been made in the position of the Recep
tion Room, which is now located entirely in the Drill 
Hall, the Town Hall having had to be abandoned forthat 
purpose owing to the impossibility of making adequate 
provision for the accommodation of the large number of 
guests expected The Drill Hall is a large building, and 
has been divided into two parts by a screen, which also 
serves the purpose of a notice-board. On the entrance 
side are the offices for various purposes, post and excur
sions ; and at a central oval counter, all other requirements 
relating to tickets, reserved seats, publications, and lodg
ings are attended to by a numerous staff of clerks.

Beyond the screen the hall has been fitted up as a 
drawing-room, and from this lead off smaller rooms for 
ladies, the press, and smokers. Separated from the 
drawing-room by a passage is the gun-room, from which 
everything has been removed, and tables laid down so as 
to convert it into a dining-room.

The President’s address will be given in the Park 
Hall, this evening, and for the half-hour of waiting 
before the business commences Mr. T. E. Aylward will 
give a recital upon the fine organ in that hall. It is 
understood that Lord Bute, as Mayor of Cardiff, will at 
the outset welcome the Association in the name of the 
town of Cardiff.

The conversazioni will also be given in the same 
hall, and from 8.30 to 9 pm., Lord Bute, as Chairman 
of the Local Committee, accompanied by Lady Bute, 
will receive the guests. At 9.30 p.m. an exhibition of 
views will be given by the lime-light, amongst them some 
fine ones, by Mr. M. Stirrup, of the limestone region of 
Languedoc. Amongst other attractions will be taking 
impressions of finger-tips, by Sergeant Randall (Mr. F. 
Galton’s assistant) ; a model of the moon, shown by the 
Astronomer-Royal of Scotland ; drawings in black and 
white of the Himalayas, by Col. Tanner; a collection of 
old local maps and atlases, by Mr. O. H. Jones; the 
Eisteddfod concert given at Swansea transmitted by 
telephone, by Mr. Gavey ; and numerous other objects 
of interest.

Arrangements have been made for military and vocal 
music.

No alteration has been made in the Section rooms 
from that mentioned in our former article.

The publications of the Local Committee are ready for 
distribution, and comprise the local hand-book of 240 
pages dealing with the archaeology of the land of Morgan, 
the education, botany, geology, industries, and topo
graphy of Cardiff; the excursions-guide containing a map 
of the district on a scale of four miles to the inch, and 
two maps on a larger scale, one of the Bute Docks, and 
the other of the Barry Dock. The excursions number 
twenty in all—twelve are arranged for Saturday, the 22nd, 
and eight for Thursday, the 27th ; and moderately detailed 
descriptions of each are given in the guide to the 
excursions.

The local programme, and the list of lodgings and 
hotels, are the remaining publications of the Committee. 
The total number of members of all classes who have 
taken out tickets for the meeting was, at 6 p.m. yesterday, 
over 900.

The President's address is as follows :—



Inaugural Address by William Huggins, Esq., D.C.L. 
(Oxon.), LL.D. (Cantab., Edin., et Duhl.), Th-D. 
(Lugd. Bat.), F.R.S., F.R.A.S., Hon. F.R.S.E., &c., 
CORRESPONDANT DE l’INSTITUT DE FRANCE, PRESIDENT.

It is now many years since this Association has done honour 
to the science of Astronomy in the selection of its President.

Since Sir George Airy occupied the chair in 1851, and the 
late Lord Wrottesley nine years later, in i860, other sciences 
have been represented by the distinguished men who have 
presided over your meetings.

The very remarkable discoveries in our knowledge of the 
heavens which have taken place during this period of thirty 
years—one of amazing and ever-increasing activity in all 
branches of science—have not passed unnoticed in the addresses 
of your successive Presidents ; still it seems to me fitting that I 
should speak to you to-night chiefly of those newer methods of 
astronomical research which have led to those discoveries, and 
which have become possible by the introduction since i860 into 
the observatory of the spectroscope and the modern photographic 
plate.

In 1866 I had the honour of bringing before this Association, 
at one of the evening lectures, an account of the first fruits of 
the novel and unexpected advances in our knowledge of the 
celestial bodies which followed rapidly upon Kirchhoff’s original 
work on the solar spectrum and the interpretation of its lines.

Since that time a great harvest has been gathered in the same 
field by many reapers. Spectroscopic astronomy has become a 
distinct and acknowledged branch of the science, possessing a 
large literature of its own and observatories specially devoted to 
it. The more recent discovery of the gelatine dry plate has 
given a further great impetus to this modern side of astronomy, 
and has opened a pathway into the unknown of which even an 
enthusiast thirty years ago would scarcely have dared to dream.

In no science, perhaps, does the sober statement of the results 
which have been achieved appeal so strongly to the imagination, 
and make so evident the almost boundless powers of the mind of 
man. By means of its light alone to analyze the chemical 
nature of a far distant body ; to be able to reason about its 
present state in relation to the past and future; to measure 
within an English mile or less per second the otherwise invisible 
motion which it may have towards or from us ; to do more, to 
make even that which is darkness to our eyes light, and from 
vibrations which our organs of sight are powerless to perceive 
to evolve a revelation in which we see mirrored some of the 
stages through which the stars may pass in their slow evolutional 
progress—surely the record of such achievements, however poor 
the form of words in which they may be described, is worthy to 
be regarded as the scientific epic of the present century.

I do not purpose to attempt a survey of the progress of spec
troscopic astronomy from its birth at Heidelberg in 1859, but to 
point out what we do know at present, as distinguished from 
what we do not know, of a few only of its more important prob
lems, giving a prominent place, in accordance with the traditions 
of this chair, to the work of the last year or two.

In the spectroscope itself advances have been made by Lord 
Rayleigh by his discussion of the theory of the instrument, and 
by Prof. Rowland in the construction of concave gratings.

Lord Rayleigh has shown that theie is not the necessary con
nection, sometimes supposed, between dispersion and resolving 
power, as besides the prism or grating other details of construc
tion and of adjustment of a spectroscope must be taken into 
account.

The resolving power of the prismatic spectroscope is propor
tional to the length of path in the dispersive medium. For the 
heavy flint glass used in Lord Rayleigh’s experiments, the thick
ness necessary to resolve the sodium lines, came out i-O2 cm. 
If this be taken as a unit, the resolving power of a prism of 
similar glass will be in the neighbourhood of the sodium lines 
equal to the number of centimetres of its thickness. In other 
parts of the spectrum the resolving power will vary inversely as 
the third power of the wave-length, so that it will be eight 
times as great in the violet as in the red. The resolving power 
of a spectroscope is therefore proportional to the total thickness 
of the dispersive material in use, irrespective of the number, the 
angles, or the setting of the separate prisms into which, for the 
sake of convenience, it may be distributed.

I'he resolving power of a grating depends upon the total 
number of lines on its surface, and the order of spectrum in 

use ; about 1000 lines being necessary to resolve the sodium 
lines in the first spectrum.

As it is often of importance in the record of observations to 
state the efficiency of the spectroscope with which they were 
made, Prof. Schuster has proposed the use of a unit of purity 
as well as of resolving power, for the full resolving power of a 
spectroscope is realized in practice only when a sufficiently narrow 
slit is used. The unit of purity also is to stand for the separa
tion of two lines differing by one-thousandth of their own wave
length ; about the separation of the sodium pair at D.

A further limitation may come in from the physiological fact 
that, as Lord Rayleigh has pointed out, the eye, when its full 
aperture is used, is not a perfect instrument. If we wish to 
realize the full resolving power of a spectroscope, therefore, the 
emergent beam must not be larger than about one-third of the 
opening of the pupil.

Up to the present time the standard of reference for nearly all 
spectroscopic work continues to be Angstrom’s map of the 
solar spectrum, and his scale based upon his original determina
tions of absolute wave-length. It is well known, as was pointed 
out by Thalen in his work on the spectrum of iron, in 1884, that 
Angstrom’s figures are slightly too small, in consequence of an 
error existing in a standard metre used by him. The corrections 
for this have been introduced into the tables of the wave-lengths 
of terrestrial spectra collected and revised by a Committee of 
this Association from 1885 to 1887. Last year the Committee 
adedd a table of corrections to Rowland’s scale.

The inconvenience caused by a change of standard scale is, 
for a time at least, considerable ; but there is little doubt that 
in the near .future Rowland’s photographic map of the solar 
spectrum, and his scale based on the determinations of absolute 
wave-length by Pierce and Bell, or the Potsdam scale based on 
original determinations by Muller and Kempf, which differs 
very slightly from it, will come to be exclusively adopted.

The great accuracy of Rowland’s photographic map is due 
chiefly to the introduction by him of concave gratings, and of a 
method for their use by which the problem of the determina
tion of relative wave-lengths is simplified to measures of coin 
cidences of the lines in different spectra by a micrometer.

The concave grating and its peculiar mounting, in which no 
lenses or telescope are needed, and in which all the spectra are 
in focus together, formed a new departure of great importance 
in the measurement of spectral lines. The valuable method of 
photographic sensitizers for different parts of the spectrum has 
enabled Prof. Rowland to include in his map the whole visible 
solar spectrum, as well as the ultra violet portion as far as it can 
get through our atmosphere. Some recent photographs of the 
solar spectrum, which 'include A, by Mr. George Higgs, are of 
great technical beauty.

During the past year the results of three independent re
searches have appeared, in which the special object of the ob
servers has been to distinguish the lines which nre due to our 
atmosphere from those which are truly solar—the maps of M. 
Thollon, which, owing to his lamented death just before their 
final completion, have assumed the character of a memorial of 
him ; maps by Dr. Becker ; and sets of photographs of a high 
and a low sun by Mr. McClean.

At the meeting of this Association in Bath, M. Janssen gave 
an account of his own researches on the terrestrial lines of the 
solar spectrum which owe their origin to the oxygen of our 
atmosphere. He discovered the remarkable fact that, while one 
class of bands varies as the density of the gas, other diffuse 
bands vary as the square of the density. These observations 
are in accordance with the work of Egoroff and of Olszewski, 
and of Liveing and Dewar on condensed oxygen. In some 
recent experiments Olszewski, with a layer of liquid oxygen 
30 millimetres thick, saw, as well as four other bands, the band 
coincident with Fraunhofer's A; a remarkable instance of the 
persistence of absorption through a great range of temperature. 
The light which passed through the liquid oxygen had a light 
blue colour resembling that of the sky.

Of not less interest are the experiments of Knut Angstrom, 
which show that the carbonic acid and aqueous vapour of the 
atmosphere reveal their presence by dark bands in the invisible 
infra-red region, at the positions of bands of emission of these 
substances.

It is now some thirty years since the spectroscope gave us for 
the first time certain knowledge of the nature of the heavenly 
bodies, and revealed the fundamental fact that terrestrial matter



is not peculiar to the solar system, but is common to all the stars 
which are visible to us.

In the case of a star such as Capella, which has a spectrum 
almost identical with that of the sun, we feel justified in con
cluding that the matter of which it is built up is similar, and 
that its temperature is also high, and not very different from the 
solar temperature. The task of analyzing the stars and nebula? 
becomes, however, one of very great difficulty w hen we have to 
do with spectra differing from the solar type. We are thrown 
back upon the laboratory for the information necessary to enable 
us to interpret the indications of the spectroscope as to the 
chemical nature, the density and pressure, and the temperature 
of the celestial masses.

What the spectroscope immediately reveals to us are the 
waves which were set up in the ether filling all interstellar space, 
years or hundreds of years ago, by the motions of the molecules 
of the celestial substances. As a rale, it is only when a body 
is gaseous and sufficiently hot that the motions within its mole
cules can produce bright lines and a corresponding absorption. 
The spectra of the heavenly bodies are, indeed, to a great ex
tent absorption spectra, but we have usually to study them 
through the corresponding emission spectra of bodies brought 
into the gaseous form and rendered luminous by means of flames 
or of electric discharges. In both cases, unfortunately, as has 
been shown recently by Profs. Liveing and Dewar, Wiillner, 
E. Wiedemann, and others, there appears to be no certain direct 
telation between the luminous radiation as shown in the spectro
scope and the temperature of the flame, or of the gaseous 
contents of the vacuum tube—that is, in the usual sense of the 
term as applied to the mean motion of all the molecules. In 
both cases, the vibratory motions within the molecules to which 
their luminosity is due are almost always much greater than 
would be produced by encounters of molecules having motions 
of translation no greater than the average motions which 
characterize the temperature of the gases as a whole. The 
temperature of a vacuum tube through which an electric dis
charge is taking place may be low, as shown by a thermometer, 
quite apart from the consideration of the extreme smallness of 
the mass of gas, but the vibrations of the luminous molecules 
must be violent in whatever way we suppose them to be set up 
by the discharge ; if we take Schuster’s view that comparatively 
few molecules are carrying the discharge, and that it is to the 
fierce encounters of these alone that the luminosity is due, then 
if all the molecules had similar motions, the temperature of the 
gas would be very high.

So in flames where chemical changes are in progress, the 
vibratory motions of the molecules which are luminous may be, 
in connection with the energy set free in these changes, very 
different from those corresponding to the mean temperature of 
the flame.

Under the ordinary conditions of terrestrial experiments, 
therefore, the temperature or the mean vis viva of the molecules 
tuay have no direct relation to the total radiation, which, on the 
other hand, is the sum of the radiation due to each luminous 
molecule.

These phenomena have recently been discussed by Ebert from 
the standpoint of the elcctro-magnetic theory of light.

Very great caution is therefore called for when we attempt to 
reason by the aid of laboratory experiments to the temperature 
of the heavenly bodies from their radiation, especially on the 
reasonable assumption that in them the luminosity is not ordin
arily associated with chemical changes or with electrical dis
charges ; but is due to a simple glowing from the ultimate con
version into molecular motion of the gravitational energy of 
shrinkage.

In a recent paper Stas maintains that electric spectra are 
to be regarded as distinct from flame spectra, and from 
researches of his own, that the pairs of lines of the sodium spec
trum other than D are produced only by disruptive electric dis
charges. As these pairs of lines are found reversed in the solar 
spectrum, he concludes that the sun’s radiation is due mainly to 
electric discharges. But Wolf and Diacon, and later, Watts, 
observed the other pairs of lines of the sodium spectrum when 
the vapour was raised above the ordinary temperature of the 
Bunsen flame. Recently, Liveing and Dewar saw easily, be
sides D, the citron and green pairs, and sometimes the blue pair 
and the orange pair, when hydrogen charged with sodium vapour 
was burning at different pressures in oxygen. In the case of 
sodium vapour, therefore, and presumably in all other vapours 
and gases, it is a matter of indifference whether the necessary
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vibratory motion of the molecules is produced by electric dis
charges or by flames. The presence of lines in the solar spec
trum which we can only produce electrically, is an indication, 
however, as Stas points out, of the high temperature of the 
sun.

We must not forget that the light from the heavenly bodies 
may consist of the combined radiations of different layers of gas 
at different temperatures, and possibly be further complicated to 
an unknown extent by the absorption of cooler portions of gas 
outside.

Not less caution is needed if we endeavour to argue from the 
broadening of lines and the coming in of a continuous spectrum 
as to the relative pressure of the gas in the celestial atmospheres. 
On the one hand, it cannot be gainsaid that in the laboratory 
the widening of the lines in a Pliicker’s tube follows upon in
creasing the density of the residue of hydrogen in the tube, when 
the vibrations are more frequently disturbed by fresh encounters, 
and that a broadening of the sodium lines in a flame at ordinary 
pressure is produced by an increase of the quantity of sodium in 
the flame ; but it is doubtful if pressure, as distinguished from 
quantity, does produce an increase of the breadth of the lines. 
An individual molecule of sodium will be sensibly in the same 
condition, considering the relatively enormous number of the 
molecules of the other gases, whether the flame is scantily or 
copiously fed with the sodium salt. With a small quantity of 
sodium vapour the intensity will be feeble except near the 
maximum of the lines ; when, however, the quantity is increased, 
the comparative transparency on the sides of the maximum will 
allow the light from the additional molecules met with in the 
path of the visual ray to strengthen the radiation of the mole
cules farther back, and so increase the breadth of the lines.

In a gaseous mixture it is found, as a rule, that at the same 
pressure or temperature, as the encounters with similar molecules 
become fewer, the spectral lines will be affected as if the body 
were observed under conditions of reduced quantity or tem
perature.

In their recent investigation of the spectroscopic behaviour of 
flamesunder various pressures up to fortyatmospheres, Profs. Live
ing and Dewar have come to the conclusion that, though the pro- 
minent feature of the light emitted by flames at high pressure 
appears to be a strong continuous spectrum, there is not the 
slightest indication that this continuous spectrum is produced by 
the broadening of the lines of the same gases at low pressure. 
On the contrary, photometric observations of the brightness of 
the continuous spectrum, as the pressure is varied, show that it 
is mainly produced by the mutual action of the molecules of a 
gas. Experiments on the sodium spectrum were carried up to a 
pressure of forty atmospheres without producing any definite 
effect on the width of the lines which could be ascribed to the 
pressure. In a similar way the lines of the spectrum of water 
showed no signs of expansion up to twelve atmospheres ; though 
more intense than at ordinary pressure, they remained narrow 
and clearly defined.

It follows, therefore, that a continuous spectrum cannot be 
considered, when taken alone, as a sure indication of matter in 
the liquid or the solid state. Not only, as in the experiments 
already mentioned, such a spectrum may be due to gas when 
under pressure, but, as Maxwell pointed out, if the thickness of 
a medium, such as sodium vapour, which radiates and absorbs 
different kinds of light, be very great, and the temperature high, 
the light emitted will be of exactly the same composition as that 
emitted by lamp-black at the same temperature, for the radia
tions which are feebly emitted will be also feebly absorbed, and 
can reach the surface from immense depths. Schuster has shown 
that oxygen, even in a partially exhausted tube, can give a con
tinuous spectrum when excited by a feeble electric discharge.

Compound bodies are usually distinguished by a banded spec
trum ; but, on the other hand, such a spectrum does not neces
sarily show the presence of compounds—that is, of molecules 
containing different kinds of atoms—but simply of a more com
plex molecule, which may be made up of similar atoms, and be, 
therefore, an allotropic condition of the same body. In some 
cases—for example, in the diffuse bands of the absorption spec
trum of oxygen—the bands may have an intensity proportional 
to the square of the density of the gas, and may be due either 
to the formation of more complex molecules of the gas with in
crease of pressure, or it may be to the constraint to which the 
molecules are subject during their encounter with one another.

It may be thought that at least in the coincidences of bright 
lines we are on the solid ground of certainty, since the length of
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die waves set up in the ether by a molecule, say of hydrogen, is 
the most fixed and absolutely permanent quantity in nature, 
and is so of physical necessity, for with any alteration the mole
cule would cease to be hydrogen.

Such would be the case if the coincidence were certain ; but 
an absolute coincidence can be only a matter of greater or less 
probability, depending on the resolving power employed, on the 
number of the lines which correspond, and on their characters. 
When the coincidences are very numerous, as in the case of iron 
and 1 he solar spectrum, or the lines are characteristically 
grouped, as in the case of hydrogen and the solar spectrum, we 
may regard the coincidence as certain ; but the progress of 
science has been greatly retarded by resting important conclu
sions upon the apparent coincidence of single lines, in spectro
scopes of very small resolving power. In such cases, unless 
other reasons supporting the coincidence arc present, the prob
ability of a real coincidence is almost too small to be of any 
importance, especially in the case of a heavenly body which may 
have a motion of approach or of recession of unknown amount.

But even here we are met by the confusion introduced by 
multiple spectra, corresponding to different molecular groupings 
of the same substance ; and, further, to the influence of sub
stances in vapour upon each other ; for when several gases are 
present together, the phenomena cf radiation and reversal by 
absorption are by no means the same as if the gases were free 
from each other’s influence, and especially is this the case when 
they are illuminated by an electric discharge.

1 have said as much as time will permit, and I think indeed 
sufficient, to show that it is only by the laborious and slow pro
cess of most cautious observation that the foundations of the 
science of celestial physics can be surely laid. We are at pre
sent in a time of transition, when the earlier, and, in the nature 
of things, less precise, observations are giving place to work of 
an order of accuracy much greater than was formerly considered 
attainable with objects of such small brightness as the stars.

The accuracy of the earlier determinations of the spectra of 
the terrestrial elements are in most cases insufficient for modern 
work on the stars as well as on the sun. They fall much below 
the scale adopted in Rowland’s map of the sun, as well as below 
the degree of accuracy attained at Potsdam by photography in a 
part of the spectrum for the brighter stars. Increase of resolv
ing power very frequently breaks up into groups, in the spectra 
of the sun and stars, the lines which had been regarded as 
single, and their supposed coincidences with terrestrial lines fall 
to the ground. For this reason many of the early conclusions, 
based on observation as good as it was possible to make at the 
time with the less powerful spectroscopes then in use, may not 
be found to be maintained under the much greater resolving 
power of modern instalments.

The spectroscope has failed as yet to interpret for us the re
markable spectrum of the Aurora Borealis. Undoubtedly in 
this phenomenon portions of our atmosphere are lighted up by 
electric discharges : we should expect, therefore, to recognize 
the spectra of the gases known to be present in it. As yet we 
have not been able to obtain similar spectra from these gases 
artificially, and especially we do not know the origin of the 
principal line in the green, which often appears alone, and may 
have, therefore, an origin independent of that of the other lines. 
Recently the suggestion has been made that the aurora is a phe
nomenon produced by the dust of meteors and falling stars, and 
that near positions of certain auroral lines or flutings of man
ganese, lead, barium, thallium, iron, &c., are sufficient to justify 
us in regarding meteoric dust in the atmosphere as the origin of 
the auroral spectrum. Liveing and Dewar have made a con
clusive research on this point, by availing themselves of the 
dust of excessive minuteness thrown off from the surface of 
electrodes of various metals and meteorites by a disruptive dis
charge, and carried forward into the tube of observation by a 
more or less rapid current of air or other gas. These experiments 
prove that metallic dust, however fine, suspended in a gas will 
not act like gaseous matter in becoming luminous with its 
characteristic spectrum in an electric discharge similar to that of 
the aurora. Prof. Schuster has suggested that the principal 
line may be due to some very light gas which is present in too 
small a proportion to be detected by chemical analysis or even 
by the spectroscope in the presence of the other gases near the 
earth, but which at the height of the auroral discharges is in 
a sufficiently greater relative proportion to give a spectrum. 
Lemstrbm, indeed, states that he saw this line in the silent dis

charge of a Holtz machine on a mountain in Lapland. The lines 
may not have been obtained in our laboratories from the atmo
spheric gases on account of the difficulty of reproducing in tubes 
with sufficient nearness the conditions under which the auroial 
discharges take place.

In the spectra of comets the spectroscope has shown the 
presence of carbon presumably in combination with hydrogen, 
and also sometimes with nitrogen ; and in the case of comets 
approaching very near the sun, the lines of sodium, and other 
lines which have been supposed to belong t» iron. Though the 
researches of Prof. 11. A. Newton and of Prof. Schiaparelli 
leave no doubt of the close connection of comets with corre
sponding periodic meteor swarms, and therefore of the probable 
identity of cometary matter with that of meteorites, with which 
the spectroscopic evidence agrees, it would be perhaps unwise 
at present to attempt to define too precisely the exact condition 
of the matter which forms the nucleus of the comet. In any case 
the part of the light of the comet which is not reflected solar 
light can scarcely be attributed to a high temperature produced 
by .the clashing of separate meteoric stones set up within the 
nucleus by the sun’s disturbing force. We must look rather to 
disruptive electric discharges, produced probably by processes of 
evaporation due to increased solar heat, which would be amply 
sufficient to set free portions of the occluded gases into the 
vacuum of space. May it be that these discharges arc assisted, 
and indeed possibly increased, by the recently discovered action 
of the ultra-violet part of the sun’s light? Lenard and Wolfe 
have shown that ultra-violet light can produce a discharge from 
a negatively electrified piece of metal, while Hallwachs and 
Righi have shown further that ultra-violet light can even charge 
positively an unelectrified piece of metal. Similar actions on 
cometary matter, unscreened as it is by an absorptive atmo
sphere, at least of any noticeable extent, may well be powerful 
when a comet approaches the sun, and help to explain an 
electrified condition of the evaporated matter which would 
possibly bring it under the sun's repulsive action. We shall 
have to return to this point in speaking of the solar corona.

A very great advance has been made in our knowledge of the 
constitution of the sun by the recent work at the Johns Ilopkins 
University by means of photography and concave gratings, in 
comparing the solar spectrum, under great resolving power, 
directly with the spectra of the terrestrial elements. Prof. 
Rowland has shown that the lines of thirty-six terrestrial 
elements at lea-t are certainly present in the solar spectrum, 
while eight others are doubtful. Fifteen elements, including 
nitrogen as it shows itself under an electric discharge in a 
vacuum tube, have not been found in the solar spectrum. 
Some ten other elements, inclusive of oxygen, have not yet been 
compared with the sun’s spectrum.

Rowland remarks that of the fifteen elements named as not 
found in the sun, many are so classed because they have few 
strong lines, or none at all, in the limit of the solar spectrum as 
compared by him with the arc. Boron has only two strong lines. 
The lines of bismuth are compound and too diffuse. Therefore 
even in the case of these fifteen elements there is little evidence 
that they are really absent from the sun.

It follows that if the whole earth were heated to the tempera
ture of the sun, its spectrum would resemble very closely the 
solar spectrum.

Rowland has not found any lines common to several elements, 
and in the case of some accidental coincidences, more accurate 
investigation reveals some slight difference of wave-length or a 
common impurity. Further, the relative strength of the lines in 
the solar spectrum is generally, with a few exceptions, the same 
as that in the electric arc, so that Rowland considers that his 
experiments show “ very little evidence ” of the breaking up of 
the terrestrial elements in the sun.

Stas in a recent paper gives the final results of eleven years ot 
research on the chemical elements in a state of purity, and on 
the possibility of decomposing them by the physical and chemical 
forces at our disposal. His experiments on calcium, strontium, 
lithium, magnesium, silver, sodium, and thallium, show that these 
substances retain their individuality under all conditions, and are 
unalterable by any forces that we can bring to bear upon 
them.

Prof. Rowland looks to the solar lines which are unaccounted 
for as a means of enabling him to discover such new terrestrial 
elements as still lurk in rare minerals and earths, by confronting 
their spectra directly with that of the sun. He has already 
resolved yttrium spectroscopically into three components, and 



actually into two. The comparison of the results of this inde
pendent analytical method with the remarkable but different 
conclusions to which M. Lecoq de Boisbaudran and Mr. Crookes 
have been led respectively, from spectroscopic observation of 
these bodies when glowing under molecular bombardment in a 
vacuum tube, will be awaited with much interest. It is worthy 
of remark that, as our knowledge of the spectrum of hydrogen in 
its complete form came to us from the stars, it is now from the 
sun that chemistry is probably about to be enriched by the dis
covery of new elements.

In a discussion in the Bakerian Lecture for 1885 of what we 
knew up to that time of the sun's corona, I was led to the con
clusion that the corona is essentially a phenomenon similar in 
the cause of its formation to the tails of comets—namely, that it 
consists for the most part probably of matter going from the sun 
under the action of a force, possibly electrical, which varies as 
the surface, and can therefore in the case of highly attenuated 
matter easily master the force of gravity even near the sun. 
Though many of the coronal particles may return to the sun, 
those which form the long rays or streamers do not return ; they 
separate and soon become too diffused to be any longer visible, 
and may well go to furnish the matter of the zodiacal light, which 
otherwise has not received a satisfactory explanation. And 
further, if such a force exist at the sun, the changes of terrestrial 
magnetism may be due to direct electric action, as the earth 
moves through lines of inductive force.

These conclusions appear to be in accordance broadly with 
the lines along which thought has been directed by the results of 
subsequent eclipses. Prof. Schuster takes an essentially similar 
view, and suggests that there may be a direct electric connection 
between the sun and the planets. He asks further whether the 
sun may not act like a magnet in consequence of its revolution 
about its axis. Prof. Bigelow has recently treated the coronal 
forms by the theory of spherical harmonics, on the supposition 
that we see phenomena similar to those of free electricity, the 
rays being lines of force, and the coronal matter discharged from 
the sun, or at least arranged or controlled by these forces. At 
the extremities of the streams for some reasons the repulsive 
power may be lost, and gravitation set in, bringing the matter 
back to the sun. The matter which does leave the sun is per
sistently transported to the equatorial plane of the corona ; in 
fact, the zodiacal light may be the accumulation at great dis
tances from the sun along this equator of such like material. 
Photographs on a larger scale will be desirable for the full 
development of the conclusions which may follow from this study 
of the curved forms of the coronal structure. Prof. Schaeberle, 
however, considers that the coronal phenomena may be satisfac
torily accounted for on the supposition that the corona is formed 
of streams of matter ejected mainly from the spot zones with 
great initial velocities, but smaller than 382 miles per second. 
Further that the different types of the corona are due to the 
effects of perspective on the streams from the earth’s place al the 
time relatively to the plane of the solar equator.

Of the physical and the chemical nature ot the coronal matter 
we know very little. Schuster concludes, from an examination 
of the eclipses of 1882, 1883, and 1886, that the continuous 
spectrum of the corona has the maximum of actinic intensity dis
placed considerably towards the red when compared with the 
spectrum of the sun, which shows that it can only be due in 
small part to solar light scattered by small particles. The lines 
of calcium and of hydrogen do not appear to form part of the 
normal spectrum of the corona. The green coronal line has no 
known representative in terrestrial substances, nor has Schuster 
been able to recognize any of our elements in the other lines o( 
the corona.

The spectra of the stars are almost infinitely diversified, yet 
they can be arranged with some exceptions in a series in which 
the adjacent spectra, especially in the photographic region, are 
scarcely distinguishable, passing from the bluish-white stars like 
Sirius, through stars more or less solar in character, to stars with 
banded spectra, which divide themselves into two apparently 
independent groups, according as the stronger edge of the bands 
is towards the red or the blue. In such an arrangement the 
sun’s place is towards the middle of the series.

At present a difference of opinion exists as to the direction in 
the series in which evolution is proceeding, whether by further 
condensation white stars pass into the orange and red stages, or 
whether these more coloured stars are younger and will become 
white by increasing age. The latter view was suggested by 
Johnstone Stoney in 1867.

About ten years ago Ritter in a series of papers discussed 
the behaviour of gaseous masses during condensation, and the 
probable resulting constitution of the heavenly bodies. Accord
ing to him, a star passes through the orange and red stages 
twice: first during a comparatively short period of increasing 
temperature, which culminates in the white stage, and a second 
time during a more prolonged stage of gradual cooling. He 
suggested that the two groups of banded stars may correspond 
to these different periods : the young stars being those in which 
the stronger edge of the dark band is towards the blue, the other 
banded stars, which arc relatively less luminous and few in 
number, being those which are approaching extinction through 
age.

Recently a similar evolutional order has been suggested, which 
is based upon the hypothesis that the nebulae and stars consist 
of colliding meteoric stones in different stages of condensation.

More recently the view has been put forward that the diversi
fied spectra of the stars do not represent the stages of an 
evolutional progress, but arc due for the most part to differences 
of original constitution.

The few minutes which can be given to this part of the 
address are insufficient for a discussion of these different views. 
I purpose, therefore, to state briefly, and with reserve, as the 
subject is obscure, some of the considerations from the characters 
of their spectra which appeared to me to be in favour of the 
evolutional order in which I arranged the stars from their photo- 
eraphic spectra in 1879. This order is essentially the same as 
Vogel had previously proposed in his classification of the stars 
in 1874, in which the white stars, which are most numerous, 
represent the early adult and most persistent stage of stellar life ; 
the solar condition that of full maturity and of commencing age ; 
while in the orange and red stars with banded spectra we see the 
setting in and advance of old age. But this statement must be 
taken broadly, and not as asserting that all stars, however 
different in mass and possibly to some small extent in original 
constitution, exhibit one invariable succession of spectra.

In the spectra of the white stars the dark metallic lines are 
relatively inconspicuous, and occasionally absent, at the same 
time that the dark lines of hydrogen arc usually strong, and more 
or less broad, upon a continuous spectrum, which is remarkable 
for its brilliancy at the blue end. In some of these stars the 
hydrogen and some other lines are bright, and sometimes 
variable.

As the greater or less prominence of the hydrogen lines, dark 
or bright, is characteristic of the white stars as a class, and 
diminishes gradually «ith the incoming and increase in strength 
of the other lines, we are probably justified in regarding it as 
due to some conditions which occur naturally during the pro
gress of stellar life, and not to a peculiarity of original consti
tution.

To produce a strong absorption spectrum a substance must be 
at the particular temperature at which it is notably absorptive ; 
and, further, this temperature must be sufficiently below that of 
the region behind from which the light comes for the gas to 
appear, so far as its special rays are concerned, as darkness upon 
it. Considering the high temperature to which hydrogen must 
be raised before it can show its characteristic emission and ab
sorption, we shall probably be right in attributing th<- relative 
feebleness or absence of the other lines, not to the paucity of the 
metallic vapours, but rather to their being so hot relatively to the 
substances behind them as to show feebly, if at all, by reversion. 
Such a state of things would more probably be found, it seems 
to me, in conditions anterior to the solar stage. A considerable 
cooling of the sun would probably give rhe to banded spectra 
due to compounds, or to more complex molecules, which might 
form near the condensing points of the vapours.

The sun and stars are generally regarded as consisting of glow
ing vapours surrounded by a photosphere where condensation is 
taking place, the temperature of the photospheric layer from 
which the greater part of the radiation comes being constantly 
renewed from the hotter matter within.

At the surface the convection currents would be strong, pro
ducing a considerable commotion, by which the different gases 
would be mixed and not allowed to retain the inequality of pro
portions at different levels due to their vapour densities.

Now the conditions of the radiating photosphere and those of 
the gases above it, on which the character of the spectrum of a 
star depends, will be determined, not alone by temperature, but 
also by the force of gravity in these regions ; this force will be 
fixed by the star’s mass and its stage of condensation, and will 
become greater as the star continues to condense.



In the case of the sun the force of gravity has already become 
so great at the surface that the decrease of the density of the 
gnes must be extremely rapid, passing in the space of a few 
miles from atmospheric pressure to a density infinitesimally 
small ; consequently the temperature-gradient at the surface, if 
determined solely by expansion, must be extremely rapid. The 
gases here, however, are exposed to the fierce radiation of the 
sun, and unless wholly transparent would take up heat, especially 
if any solid or liquid particles were present from condensation or 
convection currents.

From these causes, within a very small extent of space at the 
surface of the sun, all bodies with which we are acquainted 
should fall to a condition in which the extremely tenuous gas 
could no longer give a visible spectrum. The insignificance of 
the angle subtended by this space as seen from the earth should 
cause the boundary of the solar atmosphere to appear defined. 
If the boundary which we see be that of the sun proper, the 
matter above it will have to be regarded as in an essentially dy
namical condition—an assemblage, so to speak, of gaseous pro- | 
jectiles for the most part falling back upon the sun after a 
greater or less range of flight. But in any case it is within ' 
a space of relatively small extent in the sun, and probably in the 
other solar stars, that the reversion which is manifested by dark 
lines is to be regarded as taking place.

Passing backward in the star’s life, we shauld find a gradual 
weakening of gravity at the surface, a reduction of the tempera
ture-gradient so far as it was determined by expansion, and con
vection currents of less violence producing less interference with 
.he proportional quantities of gases due to their vapour densities, 
while the effects of eruptions would be more extensive.

At last we might come to a state of things in which, if the 
star were hot enough, only hydrogen might be sufficiently cool 
relatively to the radiation behind to produce a strong absorption. 
The lower vapours would be protected, and might continue to 
be relatively too hot for their lines to appear very dark upon the 
continuous spectrum ; besides, their lines might be possibly to 
some extent effaced by the coning in under such conditions in 
the vapours themselves of a continuous spectrum.

In such a star the light radiated towards the upper part of the 
atmosphere may have come from portions lower down of the 
atmosphere itself, or at least from parts not greatly hotter. 
There may be no such great difference of temperature of the low 
and less low portions of the star's atmosphere as to make the 
darkening effect of absorption of the protected metallic vapours 
to prevail over the illuminating effect of their emission.

It is only by a vibratory motion corresponding to a very high 
temperature that the bright lines of the first spectrum of hydro
gen can be brought out, and by the equivalence of absorbing and 
emitting power that the corresponding spectrum of absorption 
should be produced ; yet for a strong absorption to show itself, 
the hydrogen must be cool relatively to the source of radiation 
behind it, whether this be condensed particles or gas. Such 
conditions, it seems to me, should occur in the earlier rather 
than in the more advanced stages of condensation.

The subject is obscure, and we may go wrong in our mode of 
conceiving of the probable progress of events, but there can be 
no doubt that in one remarkable instance the white-star spec
trum is associated with an early stage of condensation.

Sirius is one of the most conspicuous examples of one type of 
this class of stars. Photometric ob-ervations combined with its 
ascertained parallax show that this star emits from forty to sixty 
times the light of our sun, even to the eye, which is insensible to 
ultra-violet light, in which Sirius is very rich, while we learn 
from the motion of its companion that its mass is not much 
more than double that of our sun. It follows that, unless we 
attribute to this star an improbably great emissive power, it 
must be of immense size, and in a much more diffuse and there
fore an earlier condition than oar sun ; though probably at a 
later stage than those white stars in which the hydrogen lines are 
bright.

A direct determination of the relative temperature of the 
photospheres of the stars might possibly be obtained in some 
cases from the relative position of maximum radiation of their 
continuous spectra. Langley has shown that through the whole 
range of temperature on which we can experiment, and presum
ably at temperatures beyond, the maximum of radiation-power 
in solid bodies gradually shifts upwards in the spectrum from 
the infra-red through the red and orange, and that in the sun it 
has’reached the blue.

The defined character, as a rule, of the stellar lines of absorp- 
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tion suggests that the vapours producing them do not at the 
iome time exert any strong power of general absorption. Con
sequently, we should probably not go far wrong, when the pho
tosphere consists of liquid or solid particles, if we could compare 
select parts of the continuous spectrum between the stronger 
lines, or where they are fewest. It is obvious that, if extended 
portions of different stellar spectra were compared, their true 
relation would be obscured by the line-absorption.

The increase of temperature, as shown by the rise in the 
spectrum of the maximum of radiation, may not always be ac
companied by a corresponding greater brightness of a star as 
estimated by the eye, which is an extremely imperfect photo
metric instrument. Not only is the eye blind to large regions 
of radiation, but even for the small range of light that we can 
see the visual effect varies enormously with its colour. Accord
ing to Prof. Langley, the same amount of energy which just 
enables us to perceive light in the crimson at A would in the 
green produce a visual effect 100,000 times greater. In the 
violet the proportional effect would be 1600, in the blue 62,000, 
in the yellow 28,000, in the orange 14,000, and in the red 1200. 
Captain Abney’s recent experiments make the sensitiveness of the 
eye for the green near F to be 750 times greater than for the red 
about C. It is for this reason, at least in part, that I suggested 
in 1864, and have since shown by direct observation, that the 
spectrum of the nebula in Andromeda, and presumably of 
similar nebulae, is, in appearance, only wanting in the red.

The stage at which the maximum radiation is in the green, 
corresponding to the eye's greatest sensitiveness, would be that 
in which it could be most favourably measured by eye-photome
try. As the maximum rose into the violet and beyond, the star 
would increase in visual brightness, but not in proportion to the 
increase of energy radiated by it.

The brightness of a star would be affected by the nature of 
the substance by which the light was chiefly emitted. In the 
laboratory, solid carbon exhibits the highest emissive power. A 
stellar stage in which radiation comes, to a large extent, from a 
photosphere of the solid particles of this substance, would be 
favourable for great brilliancy. Though the stars are built up 
of matter essentially similar to that of the sun, it does not follow 
that the proportion of the different elements is everywhere the 
same. It may be that the substances condensed in the photo
spheres of different stars may differ in their emissive powers, but 
probably not to a great extent.

All the heavenly bodies are seen by us through the tinted 
medium of our atmosphere. According to Langley, the solar 
stage of stars is not really yellow, but, even as gauged by our 
imperfect eyes, would appear bluish-white if we could free our
selves from the deceptive influences of our surroundings.

From these considerations it follows that we can scarcely 
infer the evolutional stages of the stars from a simple comparison 
of their eye magnitudes. We should expect the white stars to 
be, as a class, less dense than the stars in the solar stage. As 
great mass might bring in the solar type of spectrum at a rela
tively earlier time, some of the brightest of these stars may bj 
very massive, and brighter than the sun—for example, the bril
liant star Arcturus. For these reasons the solar stars should 
not only be dense than the white stars, but perhaps, as a class, 
surpass them in mass and eye-brightness.

It has been shown by Lane that, so long as a condensing 
gaseous mass remains subject to the laws of a purely gaseous 
body, its temperature will continue to rise.

The greater or less breadth of the lines of absorption of 
hydrogen in the white stars may be due to variations of the 
depth of the hydrogen in the line of sight, arising from the 
causes which have been discussed. At the sides of the lines 
the absorption and emission are feebler than in the middle, and 
would come out more strongly with a greater thickness of gas.

The diversities among the white stars are nearly as numerous 
as the individuals of the class. Time does not permit me to 
do more than to record that, in addition to the three sub-classes 
into which they have been divided by Vogel, Scheiner has re
cently investigated minor differences as suggested by the charac
ter of the third line of hydrogen near G. He has pointed out, 
too, that so far as his observations go the white stars in the 
constellation of Orion stand alone, with the exception of Algol, 
in possessing a dark line in the blue which has apparently the 
same position as a bright line in the great nebula of the same 
constellation ; and Pickering finds in his photographs of the 
spectra of these stars dark lines corresponding to the principal 
lines of the bright-line stars, and the planetary nebula: with the



exception of the chief nebular line. The association of white 
stars with nebular matter in Orion, in the Pleiades, in the region 
of the Milky Way, and in other parts of the heavens, may be 
regarded as falling in with the view that I have taken.

In the stars possibly further removed from the white class than 
our sun, belonging to the first division of Vogel’s third class, 
which are distinguished by absorption bands with their stronger 
edge towards the blue, the hydrogen lines are narrower than in 
the solar spectrum. In these stajs the density-gradient is 
probably still more rapid, the depth of hydrogen may be less, 
and possibly the hydrogen molecules may be affected by a larger 
number of encounters with dissimilar molecules. In some red 
stars with dark hydrocarbon bands, the hydrogen lines have not 
been certainly observed; if they are really absent, it may be 
because the temperature has fallen below the point at which 
hydrogen can exert its characteristic absorption ; besides, some 
hydrogen will have united with the carbon. The coming in of 
the hydrocarbon bands may indicate a later evolutional stage, 
but the temperature may still be high, as acetylene can exist in 
the electric arc.

A number of small stars more or less si nilar to those which 
are known by the names of their discoverers, Wolf and Rayct, 
have been found by Pickering in his photographs. These are 
remarkable for several brilliant groups of bright lines, including 
frequently the hydrogen lines and the line D3, upon a continuous 
spectrum strong in blue and violet rays, in which are also dark 
lines of absorption. As some of the bright groups appear in 
his photographs to agree in position with corresponding bright 
lines in the planetary nebukc, Pickering suggests that these stars 
should be placed in one class with them, but the brightest 
nebular line is absent from these stars. The simplest concep
tion of their nature would be that each star is surrounded by a 
nebula, the bright groups being due to the gaseous matter out
side the star. Mr. Roberts, however, has not been able to 
bring out any indication of nebulosity by prolonged exposure. 
The remarkable star i; Argus may belong to this class of the 
heavenly bodies.

In the nebula;, the elder Herschel saw portions of the fiery 
mist or “shining fluid ” out of which the heavens and the earth 
had been slowly fashioned. For a time this view of the nebulae 
gave place to that which regarded them as external galaxies, 
cosmical “sand-heaps,” too remote to be resolved into separate 
stars; though indeed, in 1858, Mr. Herbert Spencer showed that 
the observations of nebula: up to that time were really in favour 
of an evolutional progress.

In 1864, I brought the spectroscope to bear upon them ; the 
bright lines which flashed upon the eye showed the source of the 
light to be glowing gas, and so restored these bodies to what 
is probably their true place, as an early stage of sidereal life.

At that early time our knowledge of stellar spectra was small. 
For this reason partly, and probably also under the undue in
fluence of theological opinions then widely prevalent, I unwisely 
wrote in my original paper in 1864, "that in these objects we 
no longer have to do with a special modification of our own type 
of sun, but find ourselves in presence of objects possessing a 
distinct and peculiar plan of structure.” Two years later, how
ever, in a lecture before this Association, I took a truer posi
tion. " Our views of the universe,” I said, “are undergoing 
important changes ; let us wait for more facts, with minds un
fettered by any dogmatic theory, and therefore free to receive 
the teaching, whatever it may be, of new observations.”

Let us turn aside for a moment from the nebula: in the sky to 
the conclusions to which philosophers had been irresistibly led 
by a consideration of the features of the solar system. We have 
before us in the sun and planets obviously not a haphazard 
aggregation of bodies, but a system resting upon a multitude of 
relations pointing to a common physical cause. From these 
considerations Kant and Laplace formulated the nebular hypo
thesis, resting it on gravitation alone, for at that time the science 
of the conservation of energy was practically unknown. These 
philosophers showed how, on the supposition that the space now 
occupied by the solar system was once filled by a vaporous mass, 
the formation of the sun and planets could be reasonably ac
counted for.

By a totally different method of reasoning, modern science 
traces the solar system backward step by step to a similar state 
of things at the beginning. According to Helmholtz, the sun's 
heat is maintained by the contraction of his mass, at the rate of 
about 220 feet a year. Whether at the present time the sun is 

getting hotter or colder we do not certainly know. We can 
reason back to the time when the sun was sufficiently expanded 
to fill the whole space occupied by the solar system, and was 
reduced to a great glowing nebula. Though man’s life, the life 
of the race perhaps, is too short to give us direct evidence of any 
distinct stages of so august a process, still the probability is 
great that the nebular hypothesis, especially in the more precise 
form given to it by Roche, does represent broadly, notwithstand
ing some difficulties, the succession of events through which the 
sun and planets have passed.

The nebular hypothesis of Laplace requires a rotating mass of 
fluid which at successive epochs became unstable from excess of 
motion, and left behind rings, or more probibly perhaps lumps, 
of matter from the equatorial regions.

The difficulties to ,which I have rcferrel have suggested to 
some thinkers a different view of things, according to which it 
is not necessary to suppose that one part of the system gravita
tionally supports another. The whole may consist of a congeries 
of discrete bodies even if these bodies be the ultimate molecules 
of matter. The planets may have been formed by the gradual 
accretion of such discrete bodies. On the view that the material 
of the condensing solar system consisted of separate particles or 
masses, we have no longer the fluid pressure which is an essential 
part of Laplace’s theory. Faye, in his theory of evolution fro u 
meteorites, has to throw over this fundamental idea of the nebular 
hypothesis, and he formulates instead a different succession of 
events, in which the outer planets were formed last; a theory 
which has difficulties of its own.

Prof. (Jeorge Darwin has recently shown, from an investiga
tion of the mechanical conditions of a swarm of meteorites, that 
on ceitain assumptions a meteoric swarm might behave as a 
coarse gas, and in this way bring back the fluid pressure exercised 
by one part of the system on the other, which is req tired by 
Laplace’s theory. One chief assumption consists in supposing 
that such inelastic bodies as meteoric stones might attain the 
effective elasticity of a high order which is necessary to the 
theory through the sudden volatilization of a part of their mass 
at an encounter, by which what is virtually a violent explosive is 
introduced between the two colliding stones. Prof. Darwin is 
careful to point out that it must necessarily be obscure as to how 
a small mass of solid matter can take up a very large amount of 
energy in a small fraction of a second.

Any direct indications from the heavens themselves, however 
slight, are of so great value, that I should perhaps in this con
nection call attention to a recent remarkable photograph, by Mr. 
Roberts, of the great nebula in Andromeda. On this plate we 
seem to have presented to us some stage of cosmical evolution 
on a gigantic scale. The photograph shows a sort of whirlpool 
disturbance of the luminous matter which is distributed in a plane 
inclined to the line of sight, in which a series of rings of bright 
matter separated by dark spaces, greatly foreshortened by per
spective, surround a large undefined central mass. We are 
ignorant of the parallax of this nebula, but there can be little 
doubt that we are looking upon a system very remote, and there
fore of a magnitude great beyond our power of adequate com
prehension. The matter of this nebula, in whatever state it 
may be, appears to be distributed, as in so many other nebulae, 
in rings or spiral streams, and to suggest a stage in a succession 
of evolutional events not inconsistent with that which the nebular 
hypothesis requires. To liken this object more directly to any 
particular stage in the formation of the solar system would be 
“ to compare things great with small,” and might be indeed to 
introduce a false analogy; but, on the other hand, we should 
err through an excess of caution if we did not accept the remark
able features brought to light by this photograph as a presump
tive indication of a progress of events in cosmical history following 
broadly upon the lines of Laplace’s theory.

The old view of the original matter of the nebula;, that it con
sisted of a “ fiery mist,”

“a tumultuous cloud 
Instinct with fire and nitre,”

fell at once with the rise of the science of thermodynamics. In 
1854, Helmholtz showed that the supposition of an original fiery 
condition of the nebulous stuff was unnecessary, since in the 
mutual gravitation of widely separated matter we have a store of 
potential energy sufficient to generate the high temperature of 
the sun and stars. We can scarcely go wrong in attributing the 
light of the nebulm to the conversion of the gravitational energy 
of shrinkage into molecular motion.

The idea that the light of comets and of nebulae may be due



to a succession of ignited flashes of gas from the encounters of 
meteoric stones was suggested by Prof. Tait, and was brought to 
the notice of this Association in 1871 by Sir William Thomson 
in his Presidential Address.

The spectrum of the bright-line nebula? is certainly not such a 
spectrum as we should expect from the flashing by collisions of 
meteorites similar to those which have been analyzed in our 
laboratories. The strongest lines of the substances which in the 
case of such meteorites would first show themselves, iron, 
sodium, magnesium, nickel, &c., are not those which distinguish 
the nebular spectrum. On the contrary, this spectrum is chiefly 
remarkable for a few brilliant lines, very narrow and defined, 
upon a background of a faint continuous spectrum, which 
contains numerous bright lines, and probably some lines of 
absorption.

The two most conspicuous lines have not been interpreted ; 
for though the second line falls near, it is not coincident with a 
strong double Une of iron. It is hardly necessary to say that 
though the near position of the brightest line to the bright 
double line of nitrogen, as seen in a small spectroscope in 1864, 
naturally suggested at that early time the possibility of the pre
sence of this element in the nebulae, I have been careful to point 
out, to prevent misapprehension, that in more recent years the 
nitrogen line and subsequently a lead line have been employed 
by me solely as fiducial points of reference in the spectrum.

The third line we know to be the second line of the first spec
trum of hydrogen. Mr. Keeler has seen the first hydrogen line 
in the red, and photographs show that this hydrogen spectrum 
is probably present in its complete form, or nearly so, as we 
first learnt to know it in the absorption spectrum of the white 
stars.

We are not surprised to find associated with it the line D3, 
near the position of the absent sodium lines, probably due to the 
atom of some unknown gas, which in the sun can only show 
itself in the outbursts of highest temperature, and for this reason 
does not reveal itself by absorption in the solar spectrum.

It is not unreasonable tc assume that the two brightest lines, 
which are of the same order, are produced by substances of a 
similar nature, in which a vibratory motion corresponding to a 
very high temperature is also necessary. These substances, as 
well as that represented by the line Da, may be possibly some of 
the unknown elements which are wanting in our terrestrial 
chemistry between hydrogen and lithium, unless indeed D3 be 
on the lighter side of hydrogen.

In the laboratory we must have recourse to the electric dis
charge to bring out the spectrum of hydrogen ; but in a vacuum- 
tube, though the radiation may be great, from the relative few
ness of the luminous atoms or molecules or from some other 
cause, the temperature of the gas as a whole may be low.

On account of the large extent of the nebula.', a comparatively 
small number of luminous molecules or atoms would probably be 
sufficient to make the nebula: as bright as they appear to us. On 
such an assumption the average temperature may be low, but the 
individual particles, which by their encounters are luminous, 
must have motions corresponding to a very high temperature, 
and in this sense be extremely hot.

In such diffuse masses, from the great mean length of free 
path, the encounters would b- are but correspondingly violent, 
and tend to bring about vibrations of comparatively short 
period, as appears to be the case if we may judge by the great 
relative brightness of the more refrangible lines of the nebular 
spectrum.

Such a view may perhaps reconcile the high temperature which 
the nebular spectrum undoubtedly suggests with the much lower 
mean temperature of the gaseous mass, which we should expect 
at so early a stage of condensation, unless we assume a very 
enormous mass; or that the matter coming together had pre
viously considerable motion, or considerable molecular agitation.

The inquisitiveness of the human mind does not allow us to 
remain content with the interpretation of the present stale of the 
cosmical masses, but suggests the question—

“ What sec’st thou else
In the dark backward and abysm of time?”

What was the original state of things? how has it come about 
that by the side of ageing worlds we have nebulae in a relatively 
younger stage ? Have any of them received their birth from 
dark suns, which have collided into new life, and so belong to a 
second or later generation of the heavenly bodies ?

During the short historic period, indeed, there is no record of 
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such an event; still it would seem to be only through the collision 
of dark suns, of which the number must be increasing, that a 
temporary rejuvenescence of the heavens is possible, and by such 
ebbings and flowings of stellar life that the inevitable end to 
which evolution in its apparently uncompensated progress is 
carrying us can, even for a little, be delayed.

We cannot refuse to admit as possible such an origin for 
nebulae.

In considering, however,.the formation of the existing nebula? 
we must bear in mind that, in the part of the heavens within 
our ken, the stars still in the early and middle stages of evolution 
exceed greatly in number those which appear to be in an 
advanced condition of condensation. Indeed, we find some 
stars which may he regarded as not far advanced beyond the 
nebular condition.

It may be that the cosmical bodies which arc still nebulous 
owe their later development to some conditions of the part of 
space where they occur, such as, conceivably, a greater original 
homogeneity, in consequence of which condensation began less 
early. In other parts of space condensation may have been still 
further delayed, or even have not yet begun. It is worthy of 
remark that these nebula? group themselves about the Milky Way, 
where we find a preponderance of the white-star type of stars, 
and almost exclusively the bright-line stars which Pickering asso
ciates with the planetary nebula:. Further, Dr. Gill concludes, 
from the rapidity with which they impress themselves upon the 
plate, that the fainter stars of the Milky Way also, to a large 
extent, belong to this early type of stars. At the same time 
other types of stars occur also over this region, and the red 
hydrocarbon stars are found in certain parts ; but possibly these 
stars may be before or behind the Milky Way, and not physically 
connected with it.

If light matter be suggested by the spectrum of these nebula*, 
it may be asked further, as a pure speculation, whether in them 
we are witnessing possibly a later condensation of the light 
matter which had been left behind, at least in a relatively 
greater proportion, after the first growth of worlds into which 
the heavier matter condensed, though not without some entangle
ment of the lighter substances. The wide extent and great 
diffuseness of this bright-line nebulosity over a large part of the 
constellation of Orion may be regarded perhaps as pointing in 
this direction. The diffuse nebulous matter streaming round the 
Pleiades may possibly be another instance, though the character 
of its spectrum has not yet been ascertained.

In the planetary nebulte, as a rule, there is a sensible increase 
of the faint continuous spectrum, as well as a slight thickening 
of the bright lines towards the centre of the nebula, appearances 
which are in favour of the view that these bodies are condensing 
gaseous masses.

Prof. G. Darwin, in his investigation of the equilibrium of a 
rotating mass of fluid, found, in accordance with the independent 
researches of Poincare, that when a portion of the central body 
becomes detached through increasing angular velocity, the 
portion should bear a far larger ratio to the remainder than is 
observed in the planets and satellites of the solar system, even 
taking into account heterogeneity from the condensation of the 
parent mass.'

Now this state of things, in which the masses though not 
equal are of the same order, does seem to prevail in many 
nebulae, and to have given birth to a large class of binary stars. 
Mr. See has recently investigated the evolution of bodies of this 
class, and points out their radical differences from the solar 
system in the relatively large mass-ratios of the component 
bodies, as well as in the high eccentricities of their orbits 
brought about by tidal friction, which would play a more im
portant part in the evolution of such systems.

Considering the large number of these bodies, he suggests 
that the solar system should perhaps no longer be regarded as 
representing celestial evolution in its normal form—

“ A goodly Patcrne to whose perfect mould 
He fashioned them . . —

but rather as modified by conditions which are exceptional.
It may well be that in the very early stages condensing masses 

are subject to very different conditions, and that condensation 
may not always begin at one or two centres, but sometimes set 
in at a large number of points, and proceed in the different cases 
along very different lines of evolution.

Besides its more direct use in the chemical analysis oi the 
heavenly bodies, the spectroscope has given to us a great and



unexpected power of advance along the lines of the older 
astronomy. In the future, a higher value may, indeed, be placed 
upon this indirect use of the spectroscope than upon its chemical 
revelations.

By no direct astronomical methods could motions of approach 
or of recession of the stars be even detected, much less could 
they be measured. A body coming directly towards us or going 
directly from us appears to stand still. In the case of the stars 
we can receive no assistance from change of size or of brightness. 
The stars show no true disks in our instruments, and the neared 
o( them is so far off that if it were approaching us at the rate of 
a hundred miles in a second of time, a whole century of such 
rapid approach would not do more than increase its brightness 
by the one-fortieth part.

Still it was only too clear that, so long as we were unable to 
ascertain directly those components of the stars’ motions which 
lie in the lire of sight, the speed and direction of the solar 
motion in space, and many of the great problems of the consti
tution of the heavens, must remain more or less imperfectly 
known. Now the spectroscope has placed in our hands this 
power, which, though so essential, appeared almost in the nature 
of things to lie for ever beyond our grasp; it enables us to 
measure directly, and under favourable circumstances to within 
a mile per second, or even less, the speed of approach or of 
recession of a heavenly body. This method of observation has 
the great advantage for the astronomer of being independent of 
the distance of the moving body, and is therefore as applicable 
and as certain in the case of a body on the extreme confines of 
the visible universe, so long as it is bright enough, as in the case 
of a neighbouring planet.

Doppler had suggested as far back as 1841 that the same 
principle, on which he had shown that a sound should become 
sharper or Hatter if there were an approach or a recession 
between the ear and the source of the sound, would apply 
equally to light; and he went on to say that the difference of 
colour of some of the binary stars might be produced in this 
way by their motions. Doppler was right in that the principle 
is true in the case of light, but he was wrong in the particular 
conclusion which he drew from it. Even if we suppose a star 
to b: moving with a sufficiently enormous velocity to alter 
sensibly its colour to the eye, no such change would actually be 
seen, for the reason that the store of invisible light beyond both 
I mits of the visible spectrum, the blue and the red, would be 
drawn upon, and light-waves invisible to us would be exalted or 
degraded so as to take the place of those raised or lowered in 
the visible region, and the colour of the star would remain 
unchanged. About eight years later Fizeau pointed out the 
importance of considering the individual wave-lengths of which 
white light is composed. As soon, however, as we had learned 
to recognize the lines of known substances in the spectra of the 
heavenly bodies, Doppler’s principle became applicable as the 
basis of a new and most fruitful method of investigation. The 
measurement of the small shift of the celestial lines from their 
true positions, as shown by the same lines in the spectrum 
of a terrestrial substance, gives to us the means of ascertaining 
directly in miles per second the speed of approach or of reces
sion of the heavenly body from which the light has come.

An account of the first application of this method of research 
to the stars, which was made in my observatory in 1868, was 
given by Sir Gabriel Stokes from this chair at the meeting at 
Exeter in 1869. The stellar motions determined by me were 
shortly after confirmed by Prof. Vogel in the case of Sirius, 
and in the case of other stars by Mr. Christie, now Astronomer- 
Royal, at Greenwich ; but, necessarily, in consequence of the 
inadequacy of the instruments then in use for so delicate an 
inquiry, the amounts of these motions were but approximate.

The method was shortly afterwards taken up systematically at 
Greenwich and at the Rugby Observatory. It is to be greatly 
regretted that, for some reasons, the results have not been suffi
ciently accordant and accurate for a research of such exceptional 
delicacy. On this account probably, as well as that the spectro
scope at that early time had scarcely become a familiar instru
ment in the observatory, astronomers were slow in availing 
themselves of this new and remarkable power of investigation. 
That this comparative neglect of so truly wonderful a method of 
ascertaining what was otherwise outside our powers of observa
tion has greatly retarded the progress of astronomy during the 
last fifteen years, is but too clearly shown by the brilliant results 
which within the last couple of years have followed fast upon 
the recent masterly application of this method by photography 

at Potsdam, and by eye with the needful accuracy al the Lick 
Observatory. At last this use of the spectroscope has taken its 
true place as one of the most potent methods of astronomical 
research. It gives us the motions of approach and of recession, 
not in angular measures, which depend for their translation into 
actual velocities upon separate determinations of parallactic dis
placements, but at once in terrestrial units of distance.

This method of work will doubtless be very prominent in the 
astronomy of the near future, and to it probably we shall have 
to look for the more important discoveries in sidereal astronomy 
which will bq made during the coming century.

In his recent application of photography to this method of 
determining celestial motions, Prof. Vogel, assisted by Dr. 
Scheiner, considering the importance of obtaining the spectrum 
of as many stars as possible on an extended scale without an 
exposure inconveniently long, wisely determined to limit the 
part of the spectrum on the plate to the region for which the 
ordinary silver-bromide gelatine plates are most sensitive— 
namely, to a small distance on each side of G—and to employ as 
the line of comparison the hydrogen line near G, and recently 
also certain lines of iron. The most minute and complete 
mechanical arrangements were provided for the purpose of 
securing the absolute rigidity of the comparison spectrum rela
tively to that of the star, and for permitting temperature 
adjustments and other necessary ones to be made.

The perfection of these spectra is shown by the large number 
of lines, no fewer than 250 in the case of Capella, within the 
small region of the spectrum on the plate. Already the motions 
of about fifty stars have been measured with an accuracy, in 
the case of the larger number of them, of about an English mile 
per second.

At the Lick Observatory it has been shown that observations 
can be made directly by eye with an accuracy equally great. 
Mr. Keeler’s brilliant success has followed in great measure from 
the use of the third and fourth spectra of a grating 14,438 lines 
to the inch. The marvellous accuracy attainable in his hands 
on a suitable star is shown by observations on three nights of the 
star Arcturus, the largest divergence of his measures being not 
greater than six tenths of a mile per second, while the mean of 
the three nights’ work agreed with the mean of five photographic 
determinations of the same star at Potsdam to within one-tenth 
of an English mile. These are determinations of the motions of 
a sun so stupendously remote that even the method of parallax 
practically fails to fathom the depth of intervening space, and by 
means of light-waves which have been according to Elkin's 
nominal parallax, nearly 200 years upon their journey.

Mr. Keeler, with his magnificent means, has accomplished a 
task which I attempted in vain in 1874, with the comparatively 
poor appliances at my disposal, of measuring the motions in the 
line of sight of some of the planetary nebula;. As the stars have 
considerable motions in space, it was to be expected that nebula: 
should possess similar motions, for the stellar motions must have 
belonged to the nebula: out of which they have been evolved. 
My instrumental means, limiting my power of detection to 
motions greater than twenty-five miles per second, were in
sufficient. Mr. Keeler has found in the examination of ten 
nebula: motions varying from two miles to twenty seven miles, 
with one exceptional motion of nearly forty miles.

For the nebula of Orion, Mr. Keeler finds a motion of re
cession of about ten miles a second. Now this motion agrees 
closely with what it should appear to have from the drift of the 
solar system itself, so far as it has been possible at present to 
ascertain the probable velocity of the sun in space. This grand 
nebula, of vast extent and of extreme tenuity, is probably more 
nearly at rest relatively to the stars of our system than any other 
celestial object we know ; still it would seem more likely that 
even here we have some motion, small though it may be, than 
that the motions of the matter of which it is formed were so 
absolutely balanced as to leave this nebula in the unique position 
of absolute immobility in the midst of whirling and drifting suns 
and systems of suns.

The spectroscopic method of determining celestial motions in 
the line of sight has recently become fruitful in a new but not 
altogether unforeseen direction, for it has, so to speak, given us 
a separating power far beyond that of any telescope the glass
maker and the optician could construct, and so enabled us to 
penetrate into mysteries hidden in stars apparently single, and 
altogether unsuspected of being binary systems. The spectro
scope has not simply added to the list of the known binary stars, 
but has given to us for the first lime a knowledge of a new clas 



of stellar systems, in which the components are in some cases of 
nearly equal magnitude, and in close proximity, and are re
volving with velocities greatly exceeding the planetary velocities 
of our system.

The K line in the photographs of Mizar, taken at the Harvard 
College Observatory, was found to be double at intervals of 
fifty-two days. The spectrum was therefore not due to a single 
source of light, but to the combined effect of two stars moving 
periodically in opposite directions in the line of sight. It is 
obvious that if two stars revolve round their common centre of 
gravity in a plane not perpendicular to the line of sight, all the 
lines in a spectrum common to the two stars will appear alter
nately single or double.

In the case of Mizar and the other stars to be mentioned, the 
spectroscopic observations arc not as yet extended enough to 
furnish more than an approximate determination of the element 
of their orbits.

Mizar especially, on account of its relatively long period— 
about 105 days—needs further observations. The two stars arc 
moving each with a velocity of about fifty miles a second, prob 
ably in elliptical orbits, and are about 143 millions of miles 
apart. The stars, of about equal brightness, have together a 
mass about forty times as great as that of our sun.

A similar doubling of the lines showed itself in the Harvard 
photographs of B Auriga: at the remarkably close interval of 
almost exactly two days, indicating a period of revolution of 
about four days. According to Vogel’s later observations, each 
star has a velocity of nearly seventy miles a second, the distance 
between the stars being little more than seven and a half mil
lions of miles, and the mass of the system 4'7 times that of the 
sun. The system is approaching us at the speed of about sixteen 
miles a second.

The telescope could never have revealed to us double stars of 
this order. In the case of B Auriga.', combining Vogel’s distance 
with Pritchard’s recent determination of the star’s parallax, the 
greatest angular separation of the stars as seen from the earth 
would be 1/200 part of a second of arc, and therefore very far 
loo small for the highest powers of the largest telescopes. If 
we take the relation of aperture to separating power usually 
accepted, an object-glass of about 80 feet in diameter would be 
needed to resolve this binary star. The spectroscope, which 
takes no note of distance, magnifies, so to speak, this minute 
angular separation 4000 limes ; in other words, the doubling of 
the lines, which is the phenomenon that we have to observe, 
amounts to the easily measurable quantity of twenty seconds of 
arc.

There were known, indeed, variable stars of short period, 
which it had been suggested might be explained on the hypo
thesis of a dark body revolving about a bright sun in a few days, 
but this theory was met by the objection that no such systems of 
closely revolving suns were known to exist.

The Harvard photographs of which we have been speaking, 
were taken with a slitless form of spectroscope, the prisms being 
placed, as originally by Fraunhofer, before the object-glass of 
the telescope. This method, though it possesses some advant
ages, has the serious drawback of not permitting a direct com
parison of the star's spectrum with terrestrial spectra. It is 
obviously unsuited to a variable star like Algol, where one star 
only is bright, for in such a case there would be no doubling of 
the lines, but only a small shift to and fro of the lines of the 
blight star as it moved in its orbit alternately towards and from 
our system, which would need for its detection the fiducial 
positions of terrestrial lines compared directly with them.

For such observations the Potsdam spectrograph was well 
adapted. Prof. Vogel found that the bright star of Algol did 
pulsate backwatds end forwards in the visual direction in a 
period corresponding to the known variation of its light. The 
explanation which had been suggested for the star’s variability, 
that it was partially eclipsed at regular inlcivals of 68'8 hours 
by a dark companion large enough to cut off nearly five-sixths 
of its light, was therefore the true one. The dark companion, 
no longer able to hide itself by its obscureness, was brought out 
into the light of direct observation by means of its gravitational 
effects.

Seventeen hours before minimum, Algol is receding at the 
rate of about 24J miles a second, while seventeen hours after 
minimum it is found to be approaching with a speed of about 
28?. miles. From these data, together with those of the varia
tion of its light, Vogel found, on the assumption that both 
stars have the same density, (hat the companion, nearly as large 

as the sun, but with about one-fourth his mass, revolves with a 
velocity of about fifty-five miles a second. The bright star, of 
about twice the size and mass, moves about the common centre 
of gravity with the speed of about twenty-six miles a second. 
The system of the two stars, which are about 3] millions of 
miles apart, considered as a whole, is approaching us with a 
velocity of 2'4 miles a second. The great difference in lumin
osity of the two stars, not less than fifty limes, suggests rather 
that they are in different stages of condensation, and dissimilar 
in density.

It is obvious that if the orbit of a star with an obscure com
panion is inclined to the line of sight, the companion will pass 
above or below the bright star, and produce no variation of its 
light. Such systems may be numerous in the heavens. In 
Vogel’s photographs, Spica, which is not variable, by a small 
shifting of its lines reveals a backward and forward periodical 
pulsation due to orbital motion. As the pair whirl round their 
common centre of gravity, the bright star is sometimes ad
vancing, at others receding. They revolve in about four days, 
each star moving with a velocity of about fifty-six miles a second 
in an orbit probably nearly circular, and possess a combined 
mass of rather more than two and a half times that of the sun. 
Taking the most probable value for the star’s parallax, the 
greatest angular separation of the stars would be far too small to 
be detected with the most powerful telescopes.

If in a close double star the fainter companion is of the white
star type, while the bright star is solar in character, the com
posite spectrum would be solar with the hydrogen lines unusually 
strong. Such a spectrum would in itself afford some probability 
of a double origin, and suggest the existence of a companion 
star.

In the case of a true binary star the orbital motions of the 
pair would reveal themselves in a small periodical swaying of 
the hydrogen lines relatively to the solar ones.

Prof. Pickering considers that his photographs show ten stars 
with composite spectra ; of these, five arc known to be double. 
The others are : t Persei, f Auriga:, 8 Sagittarii, 31 Ceti, and 
B Capricorni. Perhaps B Lyra: should be added to this list.

In his recent classical work on the rotation of the sun, Duner 
has not only determined the solar rotation for the equator but 
for different parallels of latitude up to 75°. The close accord
ance of his results shows that these observations are sufficiently 
accurate to be discussed with the variation of the solar rotation 
for different latitudes which had been determined by the older 
astronomical methods from the observations of the solar spots.

Though I have already spoken incidentally of the invaluable 
aid which is furnished by photography in some of the applica
tions of the spectroscope to the heavenly bodies, the new power 
which modern photography has put into the hands of the as
tronomer is so great, and has led already, within the last few 
years, to new acquisitions of knowledge of such vast importance, 
that it is fitting that a few sentences should be specially devoted 
to this subject.

Photography is no new discovery, being about half a century 
old ; it may excite surprise, and indeed possibly suggest some 
apathy on the part of astronomers, that though the suggestion 
of the application of photography to the heavenly bodies dates 
from the memorable occasion when, in 1839, Arago, announcing 
to the Academic des Sciences the great discovery of Niepce and 
Daguerre, spoke of the possibility of taking pictures of the sun 
and moon by the new process, yet that it is only within a few 
years that notable advances in astronomical methods and dis
covery have been made by its aid.

The explanation is to be found in the comparative unsuitability 
of the earlier photogra| hie methods for use in the observatory. 
In justice to the earlier workers in astronomical photography, 
among whom Bond, De la Rue, J. W. Draper, Rutherfurd, 
Gould, hold a foremost place, it is needful to state clearly thal 
the recent great successes in astronomical photography are not 
due to greater skill, nor, to any great extent, to superior instru
ments, but to the very great advantages which the modern 
gelatine dry plate possesses for use in the observatory over the 
methods of Daguerre, and even over the wet collodion film on 
glass, which, though a great advance on the silver plate, went 
but a little way towards putting into the hands of the astronomer 
a photographic surface adapted fully to his wants.

The modern silver bromide gelatine plate, except for its 
grained texture, meets the needs of the astronomer al all points. 
It possesses extreme sensitiveness ; it is always ready for use; 



it can be placed in any position ; it can be exposed for hours ; 
lastly, it does not need immediate development, and for this 
reason can be exposed again to the same object on succeeding 
nights, so as to make up by several instalments, as the weather 
may permit, the total time of exposure which is deemed 
necessary.

Without the assistance of photography, however greatly the 
resources of genius might overcome the optical and mechanical 
difficulties of constructing large telescopes, the astronomer would 
have to depend in the last resource upon his eye. Now we can- 
net by the force of continued looking bring into view an object 
too feebly luminous to be seen at the first and keenest moment 
of vision. But the feeblest light which falls upon the plate is 
not lost, but is taken in and stored up continuously. Each hour 
the plate gathersup 3600 times the light-energy which it received 
during the first second. It is by this power of accumulation that 
the photographic plate may be said to increase, almost without 
limit, though not in separating power, the optical means at the 
disposal of the astronomer for the discovery or the observation 
of faint objects.

Two principal directions may be pointed out in whichlphoto- 
graphy is of great service to the astronomer. It enables him 
within the comparatively short time of a single exposure to 
secure permanently with great exactness the relative positions of 
hundreds or even of thousands of stars, or the minute features of 
nebulae or other objects, or the phenomena of a passing eclipse, 
a task which by means of the eye and hand could only be ac
complished, if done at all, after a very great expenditure of time 
and labour. Photography puts it in the power of the astronomer 
to accomplish in the short span of his own life, and so enter 
into their fruition, great works which otherwise must have been 
passed on by him as a heritage of labour to succeeding genera
tions.

The second great service which photography renders is not 
simply an aid to the powers the astronomer already possesses. 
On the contrary, the plate, by recording light-waves which are 
both too small and too large to excite vision in the eye, brings 
him into a new region of knowledge, such as the infra-red and 
the ultra-violet parts of the spectrum, which must have remained 
for ever unknown but for artificial help.

The present year will be memorable in astronomical history 
for the practical beginning of the Photographic Chart and 
Catalogue of the Heavens, which took their origin in an Inter
national Conference which met in Paris in 1S87, by the invita
tion of M. 1’Amiral Mouchez, Director of the Paris Observatory.

The richness in stars down to the ninth magnitude of the 
photographs of the comet of 1882 taken at the Cape Observatory 
under the superintendence of Dr. Gill, and the remarkable star 
charts of the Brothers Henry which followed two years later, 
astonished the astronomical world. The great excellence of 
these photographs, which was due mainly to the superiority of 
the gelatine plate, suggested to these astronomers a complete 
map of the sky, and a little later gave birth in the minds of 
the Paris astronomers to the grand enterprise of an Inter
national Chart of the Heavens. The actual beginning of 
the work this year is in no small degree due to the great 
energy and tact with which the Director of the Paris 
Observatory has conducted the initial steps, through the many 
delicate and difficult questions which have unavoidably pre
sented themselves in an undertaking which depends upon the 
harmonious working in common of many nationalities, and of 
no fewer than eighteen observatories in all parts of the world. 
The three years since 1887 have not been too long for the de
tailed organization of this work, which has called for several 
elaborate preliminary investigations on special points in which 
our knowledge was insufficient, and which have been ably 
carried out by Profs. Vogel and Bakhuyzen, Dr. Trepied, Dr. 
Scheiner, Dr. Gill, the Astronomer-Royal, and others. Time 
also was required for the construction of the new and special 
instruments.

The decisions of the Conference in their final form provide 
for the construction of a great photographic chart of the heavens 
with exposures corresponding to forty minutes’ exposure at 
Paris, which it is expected will reach down to stars of about the 
fourtrenth magnitude. As each plate is to be limited to four 
square degrees, and as each star, to avoid possible errors, is to 
appear on two plates, over 22,000 photographs will be required. 
For the more accurate determination of the positions of the stars, 
a reseau with lines at distances of 5 mm. apart is to be 
previously impressed by a faint light upon the plate, so that the 

image of the riseau will appear together with the images of the 
stars when the plate is developed. This great work will be 
divided, according to their latitudes, among eighteen observatories 
provided with similar instruments, though not necessarily con
structed by the same maker. Those in the British dominions 
and at Tacubaya have been constructed by Sir Howard Grubb.

Besides the plates to form the great chart, a second set of 
plates for a catalogue is to be taken, with a shorter exposure, 
which will give stars to the eleventh magnitude only. These 
plates, by a recent decision of the Permanent Committee, are to 
be pushed on as actively as possible, though as far as may be 
practicable plates for the chart are to be taken concurrently. 
Photographing the plates for the catalogue is but the first step 
in this work, and only supplies the data for the elaborate 
measurements which have to be made, which are, however, less 
laborious than would be required for a similar catalogue without 
the aid of photography.

Already Dr. Gill has nearly brought to conclusion, with the 
assistance of Prof. Kapteyn, a preliminary photographic survey 
of the southern heavens.

With an exposure sufficiently long for the faintest stars to im
press themselves upon the plate, the accumulating action still 
goes on for the brighter stars, producing a great enlargement of 
their images from optical and photographic causes. The question 
has occupied the attention of many astronomers, whether it is 
possible to find a law connecting the diameters of these more or 
less over exposed images with the relative brightness of the 
stars themselves. The answer will come out undoubtedly in 
the affirmative, though at present the empirical formulae which 
have been suggested for this purpose differ from each other. 
Captain Abney proposes to measure the total photographic 
action, inc'uding density as well as size, by the obstruction 
which the stellar image offers to light.

A further question follows as to the relation which the photo
graphic magnitudes of stars bear to those determined by eye. 
Visual magnitudes are the physiological expression of the eye’s 
integration of that part of the star's light which extends from the 
red to the blue. Photographic magnitudes represent the plate’s 
integration of another part of the star’s light—namely, from a 
little below where the power of the eye leaves off in the blue to 
where the light is cut off by the glass, or is greatly reduced by 
want of proper corrections when a refracting telescope is used. 
It is obvious that the two records are taken by different methods 
in dissimilar units of different parts of the star’s light. In the 
case of certain coloured stars the photographic brightness is very 
different from the visual brightness; but in all stars, changes, 
especially of a temporary character, may occur in the photo
graphic or the visual region, unaccompanied by a similar change 
in the other part of the spectrum. For these reasons it would 
seem desirable that the two sets of magnitudes should be tabu
lated independently, and be regarded as supplementary of each 
other.

The determination of the distances of the fixed stars from the 
small apparent shift of their positions when viewed from widely 
separated positions of the earth in its orbit is one of the most 
refined operations of the observatory. The great precision with 
which this minute angular quantity—a fraction of a second only— 
has to be measured, is so delicate an operation with the 
ordinary micrometer, though, indeed, it was with this instrument 
that the classical observations of Sir Robert Ball were made, 
that a special instrument, in which the measures are made by 
moving the two halves of a divided object-glass, known as a 
heliometer, has been pressed into this service, and quite recently, 
in the skilful hands of Dr. Gill and Dr. Elkin, has largely in
creased our knowledge in this direction.

It is obvious that photography might be here of great service, 
if we could rely upon measurements of photographs of the 
same stars taken at suitable intervals of time. Prof Pritchard, 
to whom is due the honour of having opened this new path, 
aided by his assistants, has proved by elaborate investigations 
that measures for parallax may be safely made upon photo
graphic plates, with, of course, the advantages of leisure and 
repetition ; and he has already by this method determined the 
parallax for twenty-one stars with an accuracy not inferior to 
that of values previously obtained by purely astronomical 
methods.

The remarkable successes of astronomical photography, which 
depend upon the plate’s power of accumulation of a very feeble 
light acting continuously through an exposure of several hours, 
are worthy to be regarded as a new revelation. The first chapter



opened when, in 1880, Dr. Henry Draper obtained a picture 
of the nebula of Orion ; but a more important advance was 
made in 1883, when Dr. Common, by his photographs, brought 
to our knowledge details and extensions of this nebula hitherto 
unknown. A further disclosure took place in 1885, when the 
Brothers Henry showed for the first time in great detail the 
spiral nebulosity issuing from the bright star Maia of the 
Pleiades, and, shortly afterwards, nebulous streams about the 
other stars of this group. In 1886, Mr. Roberts, by means of 
a photograph to which three hours’ exposure had been given, 
showed the whole background of this group to be nebulous. 
In the following year Mr. Roberts more than doubled for us the 
great extension of the nebular region which surrounds the trape
zium in the constellation of Orion. By his photographs of the 
great nebula in Andromeda he has shown the true significance 
of the dark canals which had been seen by the eye. They are 
in reality spaces between successive rings of bright matter, 
which appeared nearly straight owing to the inclination in which 
they lie relatively to us. These bright rings surround an unde
fined central luminous mass. I have already spoken of this 
photograph.

Some recent photographs by Mr. Russell show that the great 
rift in the Milky Way in Argus, which to the eye is void of 
stats, is in reality uniformly covered with them. Also, quite 
recently, Mr. George Hale has photographed the prominences 
by means of a grating, making use of the lines H and K.

The heavens are richly but very irregularly inwrought with 
stars, the brighter stars cluster into well known groups upon a 
background lormed of an enlacement of streams and convoluted 
windings and intertwined spirals of fainter stars, which becomes 
richer and more intricate in the irregularly rifted zone of the 
Milky Way.

We, who form part of the emblazonry, can only see the design 
distorted and confused ; here crowded, there scattered, at 
another place superposed. The groupings due to our position 
are mixed up with those which are real.

Can we suppose that each luminous point has no relation to 
the others near it than the accidental neighbourship of grains of 
sand upon the shore, or of particles of the wind-blown dust of 
the desert ? Surely every star, from Sirius and Vega down to 
each grain of the light-dust of the Milky Way, has its present 
place in the heavenly pattern from the slow evolving of its past. 
We see a system of systems, for the broad features of clusters 
and streamsand spiral windings which mark the general design 
are reproduced in every part. The whole is in motion, each 
point shifting its position by miles every second, though from the 
august magnitude of their distances from us and from each other, 
it is only by the accumulated movements of years or of genera
tions that some small changes of relative position reveal 
themselves.

The deciphering of this wonderfully intricate constitution of 
the heavens will be undoubtedly one of the chief astronomical 
works of the coming century. The primary task of the sun’s 
motion in space, together with the motions of the brighter 
stars, has been already put well within our reach by the spec
troscopic method of the measurement of star-motions in the line 
of sight.

From other directions information is accumulating : from 
photographs of clusters and parts of the Milky Way, by Roberts 
in this country, Barnard at the Lick Ob>ervatory, and Russell at 
Sydney ; from the counting of stars, and the detection of their 
configurations, by Holden and by Backhouse ; from the map
ping of the Milky Way by eye, at Parsonstown ; from photo
graphs of the spectra of stars, by Pickering at Harvard and 
in Peru ; and from the exact portraiture of the heavens in the 
great international star chart which begins this year.

I have but touched some only of the problems of the newer 
side of astronomy. There are many others which would claim 
our attention if time permitted. The researches of the Earl of 
Kosse on lunar radiation, and the work on the same subject and 
on the sun, by Langley. Observations of lunar heat with an 
instrument of his own invention by Mr. Boys ; and observations 
of the variation of the moon's heat with its phase by Mr. Frank 
Very. The discovery of the ultra-violet part of the hydrogen 
spectrum, not in the laboratory, but from the stars. The con
firmation of this spectrum by terrestrial hydrogen in part by H. 
W. Vogel, and in its all but complete form by Cornu, who 
found similar series in the ultra-violet spectra of aluminium and 
thallium. The discovery of a simple formula for the hydrogen 

series by Balmer. The important question as to the numerical 
spectral relationship of different substances, especially in connec
tion with their chemical properties ; and the further question as 
to the origin of the harmonic and other relations between the 
lines and the groupings of lines of spectra ; on these points con
tributions during the past year have been made by Rudolf v. 
Kbvesligethy, Ames, Hartley, Deslandres, Rydberg, Grunwald, 
Kayser and Runge, Johnstone Stoney, and others. The remark
able employment of interference phenomena by Prof. Michelson 
for the determination of the size, and distribution of light within 
them, of the images of objects which when viewed in a telescope 
subtend an angle less than that subtended by the light-wave at a 
distance equal to the diameter of the objective. A method 
applicable not alone to celestial objects, but also to spectral 
lines, and other questions of molecular physics.

Along the older lines there has not been less activity ; by 
newer methods, by the aid of larger or more accurately con
structed instruments, by greater refinement of analysis, knowledge 
has been increased, especially in precision and minute exactness.

Astronomy, the oldest of the sciences, has more than renewed 
htr youth. At no time in the past has she been so bright with 
unbounded aspirations and hopes. Never were her temples so 
numerous, nor the crowd of her votaries so great. The British 
Astronomical Association formed within the year numbers 
already about 600 members. Happy is the lot of those who are 
still on the eastern side of life’s meridian !

Already, alas ! the original founders of the newer methods are 
falling out—Kirchhoff, Angstrom, D’Arrest, Secchi, Draper, 
Becquerel; but their places are more than filled ; the pace of the 
race is gaining, but the goal is not and never will be in sight.

Since the time of Newton our knowledge of the phenomena 
of Nature has wonderfully increased, but man asks, perhaps 
more earnestly now than in his days, What is the ultimate reality 
behind the reality of the perceptions ? Are they only the 
pebbles of the beach with which we have been playing? Does 
not the ocean of ultimate reality and truth lie beyond ?

SECTION A.
MATHEMATICS AND PHYSICS.

Opening Address by Prof. Oliver J. Lodge, D.Sc., 
LL.D., F.R.S., President of the Section.

During the past year three or four events call for special 
mention in an annual deliverance of this kind by a physicist.

One is the Faraday centenary, which was kept in a happy and 
simple manner by a cosmopolitan gathering in the place so long 
associated with his work, and by discourses calling attention to 
the modern development of discoveries made by him.

Another is the decease of the veteran Wilhelm Weber, one of 
the originators of that absolute system of measurement which, 
though still ungrasped in its simplicity and completeness by the 
majority of men engaged in practice, nor even, I fear, wholly 
understood by some of those engaged in University teaching, has 
yet done so much, and is destined to do 'still more, for the uni
fication of physical science, and for a thorough comprehension 
of its range and its limitations.

A third event of importance during the year is the discovery 
in America of a binary system of stars, revolving round each 
other with grotesque haste, and with a proximity to each other 
such as to render their ordinary optical separation quite impos
sible. Ideas concerning the future of such systems, if, as seems 
probable, their revolution period is shorter than their axial period, 
will readily suggest themselves, in accordance with the principles 
elaborated by Prof. George Darwin. The subject more properly 
belongs to our President, but I may parenthetically exclaim at 
the singular absurdity of the notion which was once propounded 
by a philosopher, that motion of stars in our line of sight must 
for ever remain unknown to us ; when the mere time of 
revolution of a satellite, compared with its distance from its 
central body, is theoretically sufficient to give us infor
mation on this head. As a matter of pedagogy it is 
convenient to observe that the principle called Doppler’s, 
which is generally know n to apply to the periodic disturbances 
called Light and Sound, applies equally to all periodic occur
rences ; and that the explanation ol anomalies of Jupiter’s first 
satellite by Roemer may be regarded as an instance of Doppler’s 



principle.1 Any discrepancy between the observed and the cal 
culated times of revolution of stars round each other can possibly 
be explained by a relative motion between us and the pair of 
bodies along the line of sight.

If our text-books clearly recognized this, we should not so 
often find examination candidates asserting that the apparent 
time of revolution of a satellite of Jupiter depends on the dis
tance of the earth from that planet, instead of on the speed. I 
should indeed be sorry to be judged by the performance of my 
own students, but I fear that many of the less obvious mistakes 
made by reasonably trained examination candidates are more 
directly traceable to their teachers than some of us as teachers 
would like to admit.

The change in the refrangibility of light by reason of the 
motion of its source, though commonplace enough now, was at 
first regarded as too sn all to be observed, and one or two at
tempts directed to detecting the effect of this principle on the 
spectra of the stars, or sometimes on sunlight reflected by a 
45° mirror into the line of the earth’s motion (which is not a 
possible method), wholly failed. I take pleasure in remember
ing that this effect was clearly observed for the first time by the 
gentleman we this year honour as our President ; and that it is 
by this very means that the latest sensational discovery in astro
nomy of the rapidly revolving twin star 5-Auriga:, by Prof. Picker
ing and the staff connected with the Draper Memorial, was made.

The funds for the investigation that led to this result were 
provided by Mrs. Draper, as a memorial to her late husband ; 
and if jB-Aurigae does not constitute a satisfactory memorial, I 
am at a loss to conceive the kind of tombstone which the 
relations of a man of science would prefer.

The fourth event to which it behoves me to refer is the practical 
discovery of a physical method for colour photography. When 
I say practical I do not mean commercial, nor do 1 know that it 
will ever become applicable to the ordinary business of the 
photographer. Whether it does or not, it is a sound achieve
ment by physical means of a result which the chemical means 
hitherto tried failed, some think necessarily failed, to produce. 
I say practical, because already it had been suggested as possible 
theoretically ; and a step toward it, indeed very near it, had 
been actually made. The first suggestion of the method, so far 
as I know, was made by Lord Rayleigh in the course of a 
mathematical paper on the reflection of light, and with reference 
to some results of Becquerel obtained on a totally different plan. 
He said in a note that if by normal reflection waves of light 
were converted into stationary waves, they could shake out silver 
in strata half a wave length apart, and that such strata would 
give selective reflection and show iridescence.

The colour of certain crystals of chlorate of potash, described 
in a precise manner by Sir George Stokes (Proc. Roy. Soc., 
February 1885), and also the colours of opal and ancient glass, 
had been elaborately and completely explained by Lord Rayleigh 
on this theory ofaperiodicstructure(the laminated structurein the 
case of chlorate of potash being caused by twinning) (Phil. Mag., 
September 1888, pp. 256 and 241); and he subsequently illus
trated it with sound and a series of muslin disks one behind the 
other on a set of lazy-tongs. Each membrane reflected an in
appreciable amount, but successive equidistant membranes 
reinforced each other’s action, and the entire set reflected 
distinctly one definite note, of wave length twice the distance 
between adjacent muslins. So also with any series of equidistant 
strata each very slightly reflecting. They should give selective 
reflection, and the spectrum of their reflected beam should show I 
a single line or narrow band, corresponding to a wave length 
twice the distance of the strata apart.2

1 Dr. Huggins has just pointed out to me a perfectly clear statement to 1 
the above effect in Professor Tait's little book on Light.

“ The footnote of Lord Rayleigh on page 158, Phil. Mag., 1887. vol. xxiv., 
is brief and forcible enough to quote in full .*—" A detailed experimental I 
examination of the various cases in which a laminated structure leads to a 
powerful but highly selected reflection would be of value. The most frequent 
examples are met with in the organic world. It has occurred to me that 
Becquerel's reproduction of the spectrum in natural colours upon silver 
plates may perhaps be explicable in this manner. The various parts of the 
him of subchloride of silver with which the metal is coated may be conceived 
to be. subjected during exposure to stationary luminous, waves of nearly 1 
definite wave-length, the effect of which might be to impress upon the 
substance a periodic structure occurring at intervals equal to half the wave
length of light; just as a sensitive flame exposed to stationary sonorous 
waves is influenced at the loops, but not at the n ides [Phil. Mag., Marell 
1879, p. 153). In this way the operation of any kind of light would be to pro- 
duce just such a modification of the film as would cause it to reflect copiously 
that particular kind of light. 1 abstain at present from developing this 
suggestion, in the hope of soon finding an opportunity of making myself 
experimentally acquainted with the subject.”

Independently of all this, Herr Otto Wiener, imitating Hertz’s 
experiments with ordinary light, in 1889 reflected a beam 
directly back on itself, and, by interposing a very thin collodion 
film at extraordinarily oblique incidence, succeeded in the difficult 
experiment of so magnifying by the cosine of inclination the half 
wave-length, as to get the silver deposited in strata of visible 
width, and thus to photograph the interference nodes themselves 
at the places where they were cut by the plane of the film 
(Wiedemann's Annalen, vol. x)., 1890).

Then M. Lippmann, using a thicker film, not put obliquely but 
normal to the light, obtained the strata within the thickness of 
the film itself—hundreds of layers ; and so, employing incidence 
light of definite wave-length, was able to produce a stratified 
deposit, which reflected back at appropriate incidences the same 
wave-length as produced it ; thus reproducing, of course, the 
definite colour.

It is probable that the silver is first shaken out at the ventral 
segments, but that the strata so formed are thick and blurry. I 
conjecture that by over-exposure this deposit is nearly all mopped 
up again, traces being left only at the nodes, where the action is 
very feeble and takes a long time to occur ; but that these residual 
strata, being fairly sharp and definite, will be likely to give much 
better effects. And so I suppose that these are what are actually 
effective in obtaining M. Lippmann’s very interesting, though 
not yet practically useful, result.

I now leave the retrospect of what has been done, although 
many other topics might usefully detain us, and I proceed to 
glance forward at the progress ahead and at the means we have 
for effectively grappling with our due share of it.

There is a subject which has long been in my mind, and 
which I determined to bring forward whenever I had a cathedral 
opportunity of doing so ; and now, if ever, is a suitable occasion. 
It is to call attention to the fact that the further progress of 
physical science in the somewhat haphazard and amateur fashion 
in which it has been hitherto pursued in this country is becoming 
increasingly difficult, and that the quantitative portion especially 
should be undertaken in a permanent and publicly-supported 
physical laboratory on a large scale. If such an establishment 
were to weaken the sinews of private enterprise and individual 
research it should be strenuously opposed ; but, in my opinion, 
it would have the opposite effect, by relieving the private worker 
of much which he can only with great difficulty, sacrifice, and 
expense, undertake. To illustrate more precisely what I mean, 
it is sufficient to recall the case of astronomy. The amateur as
tronomer has much work lying ready to his hand, aud he grapples 
with it manfully. To him is left the striking out of new lines 
and the guerilla warfare of science. Skirmishing and brilliant 
cavalry evolutions are his natural field, he should not be called upon 
to take part in the general infantry advance. It is wasting his 
energies, and he could not do it in the long run well. What, 
for instance, would have been the state of astronometry—the 
nautical almanac department of astronomy—without the con
secutive and systematic work of the National Observatory at 
Greenwich? It may be that some enthusiastic amateurs would 
have devoted their lives to this routine kind of work, and here 
at one time and there at another a series of accurate observations 
would have been kept for several years. Pur: tied in that way, 
however, not only would the effort be spasmodic and temporary, 
but the energy and enthusiasm of those amateurs would have 
been diverted from the pioneering more suited to them, and 
have been cramped in the groove of routine, eminently adapted 
to a permanent official staff, but not wholesome for an individual.

Long-continued consecutive observations may be made by a 
leader of science, as functions may be tabulated by an eminent 
mathematician ; but if the work can be done almost equally 
well (some would say better) by a professional observer or com- 
putator, how great an economy results.

Now all this applies equally to physics. The ohm has been 
determined with 4-figure, perhaps with 5-figure, accuracy ; but 
think of the list of eminent men to whose severe personal labour 
we owe this result, and ask if the spoil is worth the cost. Per
haps in this case it is, as a specimen of a well-conducted 
determination. We must have a few specimens, and our leaders 
must show us the way to do things. But let us not continue to 
use them for such purposes much longer. The quest of the fifth 
or sixth decimal is a very legitimate, and may become a very 
absorbing, quest, but there are plenty of the rank and file who 
can undertake it if properly generalled and led : not as isolated 
individuals, but as workers in a National Labors tory under a com ■ 
petent head and a governing committee. By this means work far 



greater in quantity, and in the long run more exact in quality, can 
be turned out, by patient and conscientious labour without much 
genius, by the gradual improvement of instrumental means, by 
the skill acquired by practice, and by the steady drudgery of 
routine. Paris has long had one form of such an institution, in 
the Conservatoire des Arts et Metiers, and has been able to im
pose the metric system on the civilised world in consequence. 
It can also point to the classical determinations of Regnault as 
the fruits of just such a system. Berlin is now starting a similar 
or a more ambitious scheme for a permanent national physical 
institute. Is it not time that England, who in physical science, 
I venture to think, may in some sort claim a leading place, 
should be thinking of starting the same movement ?

The Meteorological and Magnetic Observatory at Kew (in the 
inauguration of which this Association took so large a part) is a 
step, and much useful quantitative work is done there. The new 
Electric Standardizing Laboratory of the Board of Trade is 
another and, in some respects perhaps, a still closer appproxi- 
mation to the kind of thing I advocate. But what I want to see 
is a much larger establishment erected on the most suitable site, 
limited by no speciality of aim nor by the demands of the commer
cial world, furnished with all appropriate appliances, to be amended 
and added to as time goes on and experience grows, and invested 
with all the dignity and permanence of a national institution : a 
Physical Observatory, in fact, precisely comparable to the Green
wich Observatory, and aiming at the very highest quantitative 
work in all departments of physical science. That the arts would 
be benefited may be assumed without proof. It is largely the 
necessity of engineers that has inspired the amount of accuracy 
in electrical matters already attained. The work and appliances 
of the mechanical engineer eclipse the present achievements of 
the physicist in point of accuracy, and it is by the aid of the 
mechanician and optician that precision even in astronomy has 
reached so high a stage. There is no reason why physical deter
minations should be conducted in an amateur fashion, with com
paratively imperfect instruments, as at pre-ent they mostly are. 
Discoveries lie along the path of extreme accuracy, and they will 
turn up in the most unexpected way. The aberration of light 
would not have been discovered had not Bradley been able to 
measure to less than I partin 10,000; and what a brilliant and mo
mentous discovery it was I He was aiming at the detection of stellar 
parallax, but the finite velocity of light was a bigger discovery than 
any parallax. This is the type of result which sometimes lurks in 
the fifth decimal, and which confers upon it an importance 
beside which the demands of men who wish to serve the taste 
and the pocket of the British public sink into insignificance.

In a National Observatory accuracy should be the one great 
end : the utmost accuracy in every determination that is decided 
on and made. Only one thing should be more thought of than 
the fifth significant figure, and that is the sixth. The con
sequences flowing from the results may safely be left; such as 
are not obvious at once will distil themselves out in time. And 
the great army of outside physicists, assured of the good work 
being done at headquarters, will (to speak again in astronomical 
parable) cease from peddling with taking transits or altitudes, 
and will be free to discover comets, to invent the spectroscope, 
to watch solar phenomena, to chemically analyse the stars, to 
devise celestial photography, and to elaborate still more celestial 
theories ; all of which novelties in their maturity may be 
handed over to the National Observatory, to be henceforth incor
porated with, and made part of, its routine life ; leaving the ad
vance guard and skirmishers free to explore fresh territory, 
secure in the knowledge that what they have acquired will be 
properly surveyed, mapped, and utilised, without further atten
tion from them. As to the practical applications, they may in 
any case be left to take care of themselves. The instinct of 
humanity in this direction, and the so-called solid gains asso
ciated with practical achievements, will always securea sufficient 
number of acute and energetic workers to turn the new territory 
into arable land and pasture adapted to the demands of the 
average man. The labour of the agriculturist in rendering soil 
fertile is, of course, beyond praise ; but it is not the 
work of the pioneer. As Mr. Huxley eloquently put it, 
when contrasting the application of science with the ad
vance of science itself, speaking of the things of com
mercial value which the physical philosopher sometimes dis
covers :—“Great is the rejoicing of those who are benefited 
thereby, and, for the moment, science is the Diana of all the 
craftsmen. But even while the cries of jubilation resound, and 
this flotsam and jetsam of the tide of investigation is being 

turned into the wages of workmen and the wealth of capitalists, 
the crest of the wave of scientific investigation is far away on its 
courseover the illimitable ocean of the unknown."

I have spoken of the work of the National Laboratory as 
devoted to accuracy. It is hardly necessary to say that it will 
be also the natural custodian of our standards, in a state fit for 
use and for comparison with copies sent to be certified. Else 
perhaps some day our standard ohm may be buried in a brick 
wall at Westminster, and no one living may be able to recall 
precisely where it is.

But, in addition to these main functions, there is another, 
equally important with them, to which I must briefly refer. 
There are many experiments which cannot possibly be conducted 
by an individual, because forty or fifty years is not long enough 
for them. Secular experiments on the properties of materials— 
the elasticity of metals, for instance ; the effect of time on mole
cular arrangement ; the influence of long exposure to light, or to 
heat, or to mechanical vibration, or to other physical agents.

Does the permeability of soft iron decay with age, by reason 
of the gradual cessation of its Amperian currents? Do gases 
cool themselves when adiabatically preserved, by reason ol im
perfect elasticity or too many degrees of freedom of their mole
cules? Unlikely, but not impossible. Do thermo-electric pro
perties alter with time ? And a multitude of other experiments 
which appear specially applicable to substances in the solid 
state—a state which is more complicated, and has been less in
vestigated, than either the liquid or the gaseous : a state in 
which time and past history play an important part.

Whichever of these long researches requires to be entered on, 
a national laboratory, with permanent traditions and a con
tinuous life, is undoubtedly the only appropriate place. At such 
a place as Glasgow the exceptional magnitude of a present 
occupant may indeed inspire sufficient piety in a successor to 
secure the continuance of what has been there begun ; but in 
most college laboratories, under conditions of migration, in
terregnum, and a new regime, continuity of investigation is 
hopeless.

I have at any rate said enough to indicate the kind of work 
for which the establishment of a well-furnished laboratory with 
fully equipped staff is desirable, and I do not think that we, as 
a nation, shall be taking our proper share of the highest scien
tific work of the world until such an institution is started on its 
career.

There is only one evil which, so far as I can see, is to be 
feared from it: if ever it were allowed to impose on outside 
workers as a central authority, from which infallible dicta were 
issued, it would be an evil so great that no amount of good 
work carried on by it could be pleaded as sufficient mitiga
tion.

If ever by evil chance such an attitude were attempted, it 
must rest with the workers of the future to see that they permit 
no such shackles ; for if they are not competent to be inde
pendent, and to contemn the voice of authority speakingas mere 
authority, if their only safeguard lies in the absence of necessity 
for struggle and effort, they cannot long hope to escape from the 
futility which surely awaits them in other directions.

I am thus led to take a wider range, and, leaving temporary 
and special considerations, to speak of a topic which is as yet 
beyond the pale of scientific orthodoxy, and which I might, more 
wisely, leave lying by ihe roadside. 1 will, however, take the 
risk of introducing a rather ill-favoured and disreputable looking 
stranger to your consideration, in the belief—I might say, in 
the assured conviction—that he is not all scamp, and that his 
present condition is as much due to our long-continued neglect 
as to any inherent incapacity for improvement in the subject.

I wish, however, strenuously to guard against its being sup
posed that this Association, in its corporate capacity, lends-its 
countenance to, or looks with any favour on, the outcast. What 
I have to say—and after all, it will not be much—must rest on 
my own responsibility. I should be very sorry for any adven
titious weight to attach to my observations on forbidden topics 
from the accident of their being delivered from this chair. The 
objection at which I have now hinted is the only one that seems 
to me to have any just weight, and on all other counts I am will
ing to incur such amount of opprobrium as naturally attaches to 
those who enter on a region where the fires of controversy are 
not extinct, and in which it is quite impossible, as well as un
desirable, for everyone to think alike.

It is but a platitude to say that our clear and conscious aim 
should always be truth, and that no lower or meaner standard 



should ever be allowed to obtrude itself before us. Our ancestors 
fought hard and suffered much for the privilege of free and open 
inquiry, for the right of conducting investigation untrammelled 
by prejudice and foregone conclusions, and they were ready to 
examine into any phenomenon which presented itself. This 
attitude of mind is perhaps necessarily less prominent now, 
when so much knowledge has been gained, and when the 
labours of many individuals may be rightly directed entirely 
to its systematization and a study of its inner ramifications ; but 
it would be a great pity if a too absorbed attention to what has 
already been acquired, and to the fringe of territory lying im
mediately adjacent thereto, were to end in our losing the power 
of raising our eyes and receiving evidence of a totally fresh 
kind, of perceiving the existence of regions into which the same 
processes of inquiry as had proved so fruitful might be extended, 
with results at present incalculable and perhaps wholly unex
pected. 1 myself think that the ordinary processes of observa
tion and experiment are establishing the existence of such a 
region ; that, in fact, they have already established the truth of 
some phenomena not at present contemplated by science, and 
to which the orthodox man shuts his ears.

For instance, there is the question whether it has or has not 
been established by direct experiment that a method of com
munication exists between mind and mind irrespective of the 
ordinary channels of consciousness and the known organs of 
sense, and, if so, what is the process. It can hardly be through 
some unknown sense organ, but it may be by some direct phy
sical influence on the ether, or it may be in some still more subtle 
manner. Of the process I as yet know nothing. For brevity 
it may be styled “thought-transference,” though the name may 
turn out to be an unsuitable one after further investigation. 
Further investigation is just what is wanted. No one can expect 
others to accept his word for an entirely new fact, except as 
establishing a prima jade case for investigation.

But I am only now taking this as an instance of what I mean ; 
whether it be a truth or a fiction, there is not, I suppose, one of 
the recognized scientific societies who would receive a paper on 
the subject.1 There are individual scientific men who have 
investigated these matters for themselves ; there are others who 
are willing to receive evidence, who hold their minds open and 
their judgment in suspense ; but these are only individuals. The 
great majority, I think I am right in saying, feel active hostility 
to these researches and a determined opposition to the reception 
or discussion of evidence. And they feel this confirmed 
scepticism, as they call it, not after prolonged investigation, for 
then it might be justified, but sometimes after no investigation 
at all. A few tricks at a public performance, or the artifices of 
some impostor, and they decline to consider the matter further.

That individuals should take this line is, however, natural 
enough ; they may be otherwise occupied and interested. Every
body is by no means bound to investigate everything ; though, 
indeed, it is customary in most fields of knowledge for those who 
have kept aloof from a particular inquiry to defer in moderation to 
those who have conducted it, without feeling themselves called 
upon to express an opinion. Some there are, no doubt, who 
consider that they have given sufficient time and attention to the 
subject with only negative results. Their evidence is, of course, 
important; but plainly, negative evidence should be of immense 
bulk and weight before it can outweigh even a moderate amount 
of positive evidence. However, it is not of the action of 
individuals that I wish to speak, it is of the attitude to be 
adopted by scientific bodies in their corporate capacity ; and for 
a corporate body of men of science, inheritors of the hard-won 
tradition of free and fearless inquiry into the facts of nature 
untrammelled by prejudice, for any such body to decline to 
receive evidence laboriously attained and discreetly and in
offensively presented by observers of accepted competency in 
other branches, would be, if ever actually done and persisted 
in, a terrible throwing away of their prerogative, and an imita
tion of the errors of a school of thought against which the 
struggle was at one time severe.

In the early days of the Copernican theory, Galileo for some 
years refrained from teaching it, though fully believing its truth, 
because he considered that he had better get more fully settled 
in his University chair before evoking the storm of controversy 
which the abandonment of the Ptolemaic system would arouse. 
The same thing in very minor degree is going on to-day. I know 
of men who hesitate to avow interest in these new investigations

* '1 his, however, it mere conjecture. I am not aware that the experiment 
has been tried.

(I do not mean credence—the time is too early for avowing 
credence in any but the most rudimentary and definitely ascer
tained facts—but hesitate to avow interest) until they have settled 
down more securely and made a name for themselves in other 
lines. Caution and slow progress are extremely necessary ; fear 
of avowing interest or of examining into unorthodox tacts is, I 
venture to say, not in accordance with the highest traditions of 
the scientific attitude.

We are, I suppose, to some extent afraid of each other, but 
we are still more afraid of ourselves. We have great respeat for 
the opinions of our elders and superiors; we find the matter 
distasteful to them, so we are silent. We have, moreover, a 
righteous mistrust of our own powers and knowledge ; we perceive 
that it is a wide region extending into several already cultivated 
branches of science, that a many-sided and highly-tiained mind 
is necessary adequately to cope with all its ramifications, that 
in the absence of strict inquiry imposture has been rampant in 
some portions of it for centuries, and that unless we are pre
ternaturally careful we may get led into quagmires if we venture 
on it at all.

Now let me be more definite, and try to state what this field 
is, the exploration of which is regarded as so dangerous. I 
might call it the borderland of physics and psychology. I might 
call it the connection between life and energy ; or the connection 
between mind and matter. It is an intermediate region, 
bounded on the north by psychology, on the south by physics, 
on the east by physiology, and on the west by pathology 
and medicine. An occasional psychologist has groped down 
into it and become a metaphysician. Au occasional physicist 
has wandered up into it and lost his base, to the horror 
of his quondam brethren. Biologists mostly look at it 
askance, or deny its existence. A few medical practi
tioners, after long maintenance of a similar attitude, have begun 
to annex a portion of its western frontier. The whole region 
seems to be inhabited mainly by savages, many of them, so far 
as we can judge from a distance, given to gross superstition. It 
may, for all I know, have been hastily traversed, and rudely 
surveyed by a few clear-eyed travellers ; but their legends con
cerning it are not very credible, certainly are not believed.

Why not leave it to the metaphysicians? I say it has been left 
to them long enough. They have explored it with insufficient 
equipment. The physical knowledge of the great philosophers 
has been necessarily scanty. Men of genius they were, and their 
writings may, when interpreted, mean much. But to us, as 
physicists, they are unsatisfactory ; their methods are not our 
methods. They may be said to have floated a balloon over the 
region with a looking-glass attached, in which they have caught 
queer and fragmentary glimpses. They may have seen more 
than we give them credit for, but they appear to have guessed 
far more than they saw.

Our method is different. We prefer to creep slowly from our 
base of physical knowledge, to engineer carefully as we go, 
establishing forts, making roads, and thoroughly exploring the 
country ; making a progress very slow, but very lasting. The 
psychologists from their side may meet us. I hope they will; 
but one or other of us ought to begin.

A vulnerable spot on our side seems to be the connection 
between life and energy. The conservation of energy has been so 
long established as to have become a commonplace. The relation 
of life to energy is not understood. Life is not energy, and the 
death of an animal affects the amount of energy no whit; yet 
a live animal exerts control over energy which a dead one 
cannot. Life is a guiding or directing principle, disturbing 
to the physical world but not yet given a place in the scheme 
of physics. The transfer of energy is accounted for by the 
performance of work ; the guidance of energy needs no 
work, but demands force only. What is force ? and how 
can living beings exert it in the way they do? An automaton 
worked by preceding conditions—that is, by the past—say the 
materialists. Are we so sure that they are not worked by the 
future too? In other words, that the totality of things, by which 
every one must admit that actions are guided, includes the future 
as well as the past, and that to attemi t to deduce those actions 
from the past only will prove impossible.' In some way matter 
can be moved, guided, disturbed, by the agency of living beings ; 
in some way there is a control, a directing-agency active, and 
events are caused at its choice and will that would not otherwise 
happen.

* The expression “controlled by the future" I first heard in a convent 
lion with G. F. Fitzgerald, who seemed to consider it applicable to all 
events, without exception.



A luminous and helpful idea is that ?i>/ir is but a relative mode 
of regarding things ; we progress through phenomena at a certain 
defin te pace, and this subjective advance we interpret in an 
objective manner, as if events necessarily happened in this order 
and at this precise rate. But that may be only one mode of 
regarding them. The events may be in some sense existent 
always, both past and future, and it may be we who are arriving 
at them, not they which are happening. The analogy of a 
traveller in a railway train is useful. If he could never leave 
the train nor alter its pace, he would probably consider the 
landscapes as necessarily successive, and be unable to conceive 
their co existence.

The analogy of a solid cut into sections is closer. We recog
nise the universe in sections, and each section we call the present. 
It is like the string of slices cut by a microtome ; it is our way 
of studying the whole. But we may err in supposing that the 
body only exists in the slices which pass before our microscope 
in regular order and succession.

We perceive, therefore, a possible fourth dimensional aspect 
about time, the inexorableness of whose flow may be a natural 
part of oar present limitations. And if once we grasp the idea 
that past and future may be actually existing, we can recognise 
that they may have a controlling influence on all present action, 
and the two together may constitute “ the higher plane,” or the 
totality of things, after which, as it seems to me, we are impelled 
to seek, in connection with the directing of force or determinism, 
and the action of living beings consciously directed to a definite 
and preconceived end.

Inanimate matter is controlled by the vis a tergo; it is 
operated on solely by the past.1 Given certain conditions, and 
the effect in due time follows. Attempts have been made to 
apply the same principle to living and conscious beings, but 
without much succe s. These seem to work for an object, even 
if it be the mere seeking for food ; they are controlled by the 
idea of something not yet palpable. Given certain conditions, 
and their action cannot certainly be predicted ; they have a sense 
of option and free will. Either their actions are really arbitrary 
and indeterminate—which is highly improbable—or they are con
trolled by the future as well as by the past. Imagine beings 
thus controlled: automata you may still call them, but 
they will be living automata, and will exhibit all the character
istics of live creatures. Moreover, if they have a merely experi
ential knowledge, necessarily limited by memory and bounded by 
the past, they will be unable to predict each other’s actions 
with any certainty, because the whole of the data are not before 
them. May not a clearer apprehension of the meaning of life 
and will and determinism be gradually reached in some such 
direction as this ?

By what means is force exerted, and what, definitely, is 
force ? I can hardly put the question here and now so as to be 
intelligible, except to those who have approached and thought 
over the same difficulties ; but I venture to say that there is here 
something not provided for in the orthodox scheme of physics ; 
that modern physics is not complete, and that a line of possible 
advance lies in this direction.

I might go further. Given that force can be exerted by an act of 
will, do we understand the mechanism by which this is done? And 
if there is a gap in our knowledge between the conscious idea of a 
motion and the liberation of muscular energy needed to accom
plish it, how do we know that a body may not be moved without 
ordinary material contact by an act of will ? I have no evidence 
that such a thing is possible. I have tried once or twice to ob
serve its asserted occurrence, and failed to get anything that 
satisfied me. Others may have been more fortunate. In any 
case, I hold that we require more knowledge before we can 
deny the possibility. If the conservation of energy were upset 
by the process, we should have grounds for denying it ; but 
nothing that we know is upset by the discovery of a novel 
medium of communication, perhaps some more immediate action 
through the ether. It is no use theorising ; it is unwise to de
cline to examine phenomena because we feel too sure of their 
impossibility. We ought to know the universe very thoroughly 
and completely before we take up that attitude.

Again, it is familiar that a thought may be excited in the 
brain of another person, transferred thither from our brain, 
by pulling a suitable trigger; by liberating energy in the 
form of sound, for instance, or by the mechanical act of

1 This is, of course, not assertion, but suggestion. It may be erroneous 
to draw any such distinction between animate and inanimate. 

writing, or in other ways. A prearranged code called 
language, and a material medium of communication, are the 
recognised methods. May there not also be an immaterial 
(perhaps an ethereal) medium of communication ? Is it 
possible that an idea can be transferred from one person to 
another by a process such as we have not yet grown accustomed 
to, and know practically nothing about? In this case I have 
evidence. I assert that I have seen it done ; ami am perfectly 
convinced of the fact. Many others are satisfied of the truth of 
it too. Why must we speak of it with bated breath, as of a 
thing of which we are ashamed ? What right have we to be 
ashamed of a truth ?

And after all, when we have grown accustomed to it, it will 
not seem altogether strange. It is, perhaps, a natural con
sequence of the community of life or family relationship running 
through all living beings. The transmission of life may be 
likened in some ways to the transmission of magnetism, and all 
magnets are sympathetically connected, so that if suitably sus
pended a vibration from one disturbs others, even though they 
be distant ninety-two million miles.

It is sometimes objected that, granting thought-transference 
or telepathy to be a fact, it belongs more especially to lower 
forms of life, and that as the cerebral hemispheres develop we 
become independent of it; that what we notice is the relic of a 
decaying faculty, not the germ of a new and fruitful sense ; and 
that progress is not to be made by studjing or attending to it. 
It may be that it Iran immature mode of communication, adapted 
to lower stages of consciousness than ours, but how much can 
we not learn by studying immature stages ? As well might the 
objection be urged against a study of embryology. It may, on 
the other hand, be an indication of a higher mode of communi
cation, which shall survive our temporary connection with 
ordinary matter.

I have spoken of the apparently direct action of mind on 
mind, and of a possible action of mind on matter. But the 
whole region is unexplored territory, and it is conceivable that 
matter may react on mind in a way we can at present only dimly 
imagine. In fact, the barrier between the two may gradually 
melt away, as so many other barriers have done, and we may 
end in a wider perception of the unity of nature, such as 
philosophers have already dreamt of.

I care not what the end may be. I do care that , the inquiry 
shall be conducted by us, and that we shall be free from the 
disgrace of jogging along accustomed roads, leaving to out
siders the work, the ridicule, and the gratification, of unfolding 
a new region to unwilling eyes.

It may be held that such investigations are not physical and 
do not concern us. We cannot tell without trying. In that I 
trust my instinct : I believe there is something in this region 
which does concern us as physicists. It may concern other 
sciences too. It must, one would suppose, some day concern 
biology; but with that I have nothing to do. Biologists have 
their region, we have ours, and there is no need for us to hang 
back from an investigation because they do. Our own science, 
of Physics or Natural Philosophy in its widest sense, is the 
King of the Sciences, and it is for us to lead, not to follow.

And I say, have faith in the Intelligibility of the universe. 
Intelligibility has been the great creed in the strength of which 
all intellectual advance has been attempted, and all scientific 
progress made.

At first things always look mysterious. A comet, lightning, the 
aurora, the rainbow—all strange anomalous mysterious appari
tions. But scrutinized in the dry light of science, their 
relationship with other better-known things becomes apparent. 
They cease to be anomalous ; and though a certain mystery 
necessarily remains, it is no more a property peculiar to them, it 
is shared by the commonest objects of daily life.

The operations of a chemist, again, if conducted in a hap
hazard manner, would be an indescribable medley of efferves
cences, precipitations, changes in colour and in substance; but, 
guided by a thread of theory running through them the processes 
fall into a series, they all become fairly intelligible, and any 
explosion or catastrophe that may occur is capable of explanation 
too.

Now I say that the doctrine of ultimate intelligibility should 
be pressed into other departments also. At present we hang 
back from whole regions of inquiry, and say they are not for us. 
A few we are beginning to grapple with. The nature of disea-e 
is yielding to scrutiny with fruitful result; the mental aberrations 
and abnormalities of hypnotism, duplex personality, and allied 



phenomena, are now at last being taken under the wing of 
science after long ridicule and contempt. The phenomenon of 
crime, the scientific meaning and justification of altruism, and 
other matters relating to life and conduct, are beginning, or 
perhaps are barely yet beginning, to show a vulnerable front 
over which the forces of science may pour.

Facts so strange that they have been called miraculous are 
now no longer regarded as entirely incredible. All occurrences 
seem reasonable when contemplated from the right point 
of view, and some are believed in which in their essence are still 
quite marvellous. Apply warmth for a given period to a 
sparrow’s egg, and what result could be more incredible or 
magical if now discovered for the first time. The possibilities 
of the universe are as infinite as is its physical extent. Why 
should we grope with our eyes always downward, and deny the 
possibility of everything out of our accustomed beat.

If there is a puzzle about free-will, let it be attacked ; puzzles 
mean a state of half-knowledge; by the time we can gtasp 
something more approximating to the totality of things the 
paradoxity of paradoxes drops away and becomes unrecognizable. 
I seem to myself to catch glimpses of clues to many of these old 
questions, and I urge that we should trust consciousness, which 
has led us thus far ; should shrink from no problem when the 
time seems ripe for an attack upon it, and should not hesitate to 
press investigation, and ascertain the laws of even the most 
recondite problems of life and mind.

What we know is as nothing to that which remains to he 
known. This is sometimes said as a truism ; sometimes it is 
half doubted. To me it seems the most literal truth, and that 
if we narrow our view to already half-conquered territory only, 
we shall be false to the men who won our freedom, and treason
able to the highest claims of science.

I must now return to the work of this Section, from which I 
have apparently wandered rather far afield, further than is 
customary—perhaps further than is desirable. But I hold that 
occasionally a wide outlook is wholesome, and that without such 
occasional survey, the rigid attention to detail and minute 
scrutiny of every little fact, which are so entirely admirable and 
are to rightly here fostered, are apt to become unhealthily dull 
and monotonous. Our life-work'is concerned with the rigid 
framework of facts, the skeleton or outline map of the universe: 
and, though it is well for us occasionally to remember that the 
texture and colour and beauty which we habitually ignore are not 
therefore in the slightest degree non-existent, yet it is safest 
speedily to return to our base and continue the slow and labori
ous march with which we are familiar and which experience has 
justified. It is because I imagine that such sy-tematic advance 
is now beginning to be possible in a fresh and unexpected 
direction that I have attempted to direct your attention to a 
subject which, if my prognostications are correct, may turn out 
to be one of special and peculiar interest to humanity.

THE LATE PROF. MARTIN DUNCAN, F.R.S. 
\AfE have already announced the death of this well- 

* ' known geologist; and now give a brief account 
of his services to science.

As a Fellow of the Royal, Linnean, Geological, and 
Microscopical Societies, and for some time President of 
the two last-named of these, it goes without saying that 
his attainments were of no mean order. Educated for 
the medical profession at King’s College, London, he 
matriculated at the London University in 1841, taking 
honours in anatomy and physiology in 1844, and the 
degree of Bachelor of Medicine in 1846, in which year 
also he qualified as a Member of the Royal College of 
Surgeons. His early life was passed at Rochester with 
Dr. Martin, and at Colchester, where he was in practice 
for some years, and where he so won the esteem of all 
who knew him that he was elected Mayor of that city. 
Fascinated with the study of geology, and impressed with 
the idea that to make any mark in the scientific world a 
man should take up some spc'cialite, he not only obtained 
a broad grasp of his favourite subject, but devoted him
self especially to a study of fossil corals and echinoderms, 
on which subjects at intervals he published numerous 
valuable memoirs. Indeed, for many years, and up to 

within a comparatively short period of his death, he con
tinued to work at his special subject, and contributed 
many important papers to the Annals and Magazine of 
Natural History, the Journal of the Geological Society, 
the Geological Magazine, Quarterly Journal of Micro
scopical Science, the Philosophical Transactions and Pro
ceedings of the Royal Society, the Proceedings and 
Transactions of the Zoological Society, and the Journal 
of the Linnean Society.

He soon found that residence out of London, away 
from scientific societies and important works of reference, 
was a great obstacle to work, and that if he was to make 
any real progress with his special studies it was absolutely 
necessary for him to seek some appointment in the metro
polis. Fortunately for him, as it happened, the Chair of 
Geology at King’s College became vacant, and he was 
appointed to fill it. This at once gave him the oppor
tunity he had so long hoped for, and the preparation of 
his lectures proceeded side by side with much useful work, 
which, by degrees, he found time to publish. Such, for 
example, was his account of the Madreporaria collected 
during the expedition of H.M.S. Porcupine, which ap
peared in the Transactions of the Zoological Society 
(Part 1, vol. viii. p. 303, &c., and Part 2, vol. x. p. 235, 
&C.); his description of deep-sea and litoral corals from 
the Atlantic and Indian Oceans (Proc. Zool. Soc., 1876, 
p. 428, &c.) ; and his important revision of the Echinoidea, 
printed in the Journal of the Linnean Society, of which it 
occupied four numbers.

This was all strictly scientific work, but by no means 
represented all that he accomplished. As a popular ex
ponent of the teaching of geology and zoology, especially 
in regard to the lower forms of life, he published many 
excellent articles which were designed to awaken an in
terest in subjects little investigated, though well worthy 
of attention.

Lucidly written and full of facts, these articles were at 
once instructive and suggestive, and from a teachers’ 
point of view did more to educate youthful naturalists 
and encourage research than any of his more scientific 
papers, which, being of a more technical character, were 
less acceptable to the majority of readers because less 
intelligible to them.

Of this class were his articles on “Corals and their 
Polypes ” {Intellectual Observer, 1869, pp. 81-91,241-50, 
with two coloured plates); “Studies amongst Amaibae ” 
{Popular Science Review, 1877, with two plates), and 
“ Notes on the Ophiurans, or the Sand and Brittle Stars ” 
{Popular Science Review, 1878, with a plate).

His attention, however, was not confined to inverte
brate zoology or geology. In 1878 he commenced the 
publication, in six volumes quarto, of a popular “ Natural 
History,” which had the merit of being written by a 
number of able specialists upon a comprehensive plan 
under his direction, and, while taking upon himself the 
laborious duties of editor-in-chief, he contributed many 
of the sections himself. Thus, while securing the co
operation of such well-known zoologists as the late Prof. 
W. K. Parker, the late Mr. Dallas, Prof. Seeley, Prof. 
Boyd Dawkins, Dr. H. Woodward, Dr. Murie, Mr. H. 
W. Bates, and Mr. R. B. Sharpe, he himself undertook 
the preparation of the articles on Apes and Monkeys, 
Lemurs (part), Edentata, Marsupialia, Reptilia, and Am
phibia. He also wrote the introduction to the Inverte- 
brata, and the articles Vermes, Zoophytes, and Infusoria 
which appeared in the last volume, published in 1883.

For an excellent summary of marine zoology, in which 
the appearance, structure, and habits of such animals 
and plants as may be found upon our coasts are well 
described, the reader may be referred to a little volume 
by Dr. Duncan, entitled “ The Sea shore.” It forms one 
of a series of “ Natural History Rambles,” issued a few 
years since by the Society for Promoting Christian 
Knowledge, and, for the amount of information which it 



contains, as well as for its lucid expression, deserves to 
be better known.

Dr. Martin Duncan was undoubtedly one of the work
ing bees in the great hive of science ; and in his own 
quiet, unostentatious way has stored up a considerable 
amount of material the value of which will be more and 
more appreciated as those for whose benefit it was accu
mulated come to examine and understand it.

In his ardent devotion to science, and patient industry 
in spite of trials and troubles which would have deterred 
many less earnest workers, he set a bright example, 
which those of a younger generation of naturalists would 
do well to follow.

NOTES.
It seems that those members of the Government, whichever | 

they may be, who are responsible for buildings for science and 
art, have determined to erect new galleries for the Art Museum | 
at South Kensington ; practically to cover all the ground which is | 
supposed to be applicable for art purposes there. These build- | 
ings are to cost some ^400,000, and, when this money is spent, 
we suppose the South Kensington Art Museum will be finished. 
We suppose, also, that the building of a Science Museum will, 
by this action, be delayed for another twenty years. This will 
be a great victory for art, and will afford another interesting 
example of the results of the way in which matters scientific are 
managed in this country.

Mr. Edgar Thurston, Curator of the Government Museum 
at Madras, has been appointed to officiate for two years for Dr. 
Watt, at Calcutta, in reporting on economic products and or
ganizing collections of products and manufactures for the Calcutta 
and other Indian Museums; his duties at Madras being in the 
meantime discharged by Dr. Warth, of the Geological Depart
ment.

Prof. Goebel, of Marburg, has been appointed to the Chair 
of Botany at Munich in succession to the late Prof. Naegeli.

We regret to announce the death of Dr. Weiss, the Professor 
of Botany and Director of the Plant-Physiological Institute of 
the University of Prague.

The late Cardinal Haynald’s important herbarium and 
botanical library has been placed in the National Museum at 
Budapest.

We learn from Madras that the observations made under the 
direction of the late Mr. Pogson are in a forward state of 
reduction, and that the real activity of the Observatory is not to 
be measured by the fact that the last published volume of 
observations contains the record of those made in 1870. The 
funds at the disposal of the Madras Observatory have not per
mitted the regular and early publication of the masses of 
observations which the industry of Mr. Pogson and his assistants 
has accumulated, and the scheme which the Director proposed 
to himself did not permit him to give, from time to time, an 
abstract of his work through the ordinary and recognized 
channels open for the dissemination of astronomical results. 
Mr. Michie Smith writes that the “ Variable Star Atlas ” alone 
contains the observations of about 60,000 stars, made and 
reduced by Mr. Pogson. We may express an earnest wish that 
no long time may be suffered to elapse before astronomers have 
an opportunity of judging the value of this mass of material in 
an interesting branch of astronomical inquiry.

Under the McKinley regime it seems to be a very generous 
thing for an American savant to communicate a paper to a 
British society. One of them writes as follows to the Nation:— 
“A learned society of Scotland, in pursuance of its liberal 
policy, mailed to me fifty author’s copies of a paper which had 
been honoured by admission to its Transactions. The bundle 

came to the local post-office this week opened, and accompanied 
by a slip giving the package a ‘ commercial value ’ of twelve 
dollars, and assessing a duty of 25 per cent. The local collector 
of customs thinks that I am resisting the just claims of a hard
working Government in delaying payment ; but curiosity as to 
how they discover the commercial value of a paper whose real 
audience might, I think, be numbered on the fingers of the two 
hands, has led me to appeal the case.”

Scitnce states that the executors of the estate of the lateWilliam 
B. Ogden, the first Mayor of Chicago, have selected the Uni
versity of Chicago as one of the beneficiaries, giving it a scien
tific school. The gift, which will amount to from three hundred 
thousand-to half a million dollars, will endow a separate depart
ment of the University, to be called the Ogden Scientific 
School, its purpose being to furnish graduate students with the 
best facilities possible for scientific investigation by courses of 
lectures and laboratory practice. The income of the money 
appropriated is to be devoted to and used for the payment of 
salaries and fellowships, and the maintenance of laboratories in 
physics, chemistry, biology, geology, and astronomy, with the 
subdivisions of these departments. A large share of the time of 
the professors in the school is to be given to original investiga
tion, and encouragement of various kinds is to be furnished 
them to publish the results of their investigations, a portion of 
the funds being set apart for the purpose of such publication.

It seems as if in time the publishers of sea-side guides may 
realize that some people who require a holiday are intelligent, 
possess eyes, and perchance even some acquaintance with natural 
history. We have just received a copy of Johnson’s illustrated 
‘‘Visitors’ Companion” to Eastbourne and its vicinity, which 
contains, besides the matter usually supplied, an account of the 
flora, consisting of 291 varieties of wild flowers, 9 orchids, 18 
ferns, 12 mosses and their allies, 34 varieties of sea-weeds (with 
directions for collecting and preserving them); particulars are 
also given of 56 varieties of butterflies (with time of appearance), 
45 varieties of moths (with time of appearance, and how to catch 
them by the electric light), 29 varieties of wild bees, pebbles, 
fossils, land and freshwater mollusca, a brief geological survey 
of the district, and an extensive list of wild birds which fre
quent the neighbourhood, together with a guide to fresh and 
salt water fishing. Have we to thank Prof. Huxley’s local 
influence for this?

An exhibition of the successes in acclimatization achieved in 
Russia will be opened at Moscow, in connection with the Inter
national Congresses of Zoology and Prehistoric Archaeology and 
Anthropology which will be held in the Russian capital in 
August 1892. The results of the numerous experiments in 
acclimatization of a great variety of plants which have been 
made during the last twenty-five years, especially in the Asiatic 
dominions of the Empire, will be exhibited.

IN a Vice-Presidential Report to the U.S. National Geo
graphic Society, on the “Geography of the Air,” Lieut. A. 
W. Greely reviews the progress of meteorological science during 
the past year, chiefly with reference to the work of American 
meteorologists. Referring to the recent controversy on the 
causes of cyclones and anticyclones, he says :—“The status of the 
meteorological discussion which has been going on for some time 
seems to be this. A number of men, applying themselves to in
vestigation in separate branches or stages of the same science, 
are attempting to reconcile their views, which, based as they 
are upon entirely different processes of investigation, arc not 
entirely accordant. Some at least of these writers are still 
apparently groping in the preliminary, the ‘natural history’ stage 
of the science of meteorology, while one alone stands as the ex
ponent of the ‘ natural philosophy’ of meteorology.” This view 
seems somewhat inappreciative, and the account given of Dr.



Hann's work inadequate and not quite correct. Dr. Hann’s 
memoir demonstrated that the temperature conditions of anti
cyclones, and probably extra-tropical cyclones,are inconsistent with 
theconvectional hypothesis as worked out by Prof. Ferrel, and he 
suggested as an alternative that their cause is to be sought in the 
general circulation of the atmosphere. But he did not originate 
this view, which had been put forward long before by Werner 
Siemens; nor did he attempt to develop it. It is incorrect, 
therefore, to represent this hypothesis as the miin object of 
his memoir. In connection with the work of the Weather 
Bureau, of which Lieut. Greely is Director, he notices the experi
ments of Prof. Marvin on wind pressures and velocities, which 
confirm the results of some previous experimenters in proving that 
the indications of the Robinson anemometer are too high ; also 
that pressures computed from velocities by the usual formula are 
much in excess of the truth ; the result being that the pressure 
computed from the readings of the Robinson anemometer, when 
the actual velocity is sixty miles per hour, is 50 per cent, too 
high. Other subjects briefly noticed are Finley and Hazen’s 
work in connection with tornadoes, and Prof. Russell’s on cold 
waves.

In a pamphlet entitled “ Physical and Geological Traces of 
Permanent Cyclone Belts,” Mr. Marsden Manson treats of a 
somewhat large subject in the small space of ten pages. Starting 
with the assumption that the main features of the barometric 
zones of the earth have been the same throughout past ages as 
they are at the present day, and that there has always been a 
belt in the north temperate zone, between 50° and 60° N. lat., 
which is the mean track of maximum cyclone frequency and 
low mean pressure, he infers that, owing to the diminished 
pressure, this has always been an axis of upheaval, and at the 
same time, owing to excessive precipitation, a zone of maximum 
denudation. His ideas are apparently suggested by the geo
logical structure, the orographic and meteorological features of 
North America, and little or no attempt is made to verify his 
inferences by the geological and meteorological conditions of 
Europe and Asia, which hardly seem to bear out his hypothesis, 
Thus he instances the Archaean axis of Canada as the secular 
result of upheaval and denudation along an axis roughly coincid
ing with the average storm track ; but he omits to show any 
similar relations between the Archaean rocks of Bohemia or the 
Alpine chain and the average course of storms in Europe. It is, 
however, altogether premature to criticize a theory put forward in 
so crude a stage of development, and it is hard to see what 
service can be rendered to science by such premature publica’ 
tion.

Dr. W. Doberck has published the observations made at 
the Hong Kong Observatory in the year 1889. Returns were 
received from forty land stations, and extracts from logs of 
ninety-three ships which visited Chinese waters were collected 
during the year, and will be utilized in investigations of the 
meteorology and typhoons of the Eastern seas. The stations 
in connection with maritime meteorology extend to the Island of 
Luzon, and a most valuable station has been established on the 
Island of Formosa, by the Chinese Maritime Customs. The 
observations of the rain-band have been regularly continued, 
and have been found of use both in prediction of fine weather 
and of heavy thunderstorms. An advance Report issued for 
1890 shows that considerable improvement in the storm-warning 
service has been effected by the connection of the Observatory 
with the telegraph offices. A committee of inquiry which sat in 
the early part of 1890, has recommended that more financial 
and other assistance be given to Dr. Doberck in carrying out 
his work.

The Central Meteorological Office of Paris has recently 
published its Annales for the year 1888, consisting of three 

large quarto volumes. Vol. i. contains:—A discussion by M. 
Fronon the character of the thunderstorms of the years 1887 and 
1888, with charts for each day on which such storms occurred ; 
a review by M. Moureaux of the magnetic observations at Park 
of Saint Maur, together with facsimile curves of the most in
teresting disturbances. Owing to an agreement with Green
wich Observatory, the curves published in this country and in 
France will generally correspond to the same disturbances, and 
will therefore allow of interesting comparisons. Rhumfs of the 
magnetic observations made at 53 other stations in France are 
also published. A discussion by M. Angot of the phenological 
and other periodical phenomena during the years 1886 and 1887. 
These observations have now been continued for eight years. 
M. Angot has also studied the effect of the amount of cloud on 
the daily variation of temperature at Paris. A paper by M. 
Raulin on the seasonal rainfall of various countries in Europe, 
in which he shows that when a number of years are taken into 
consideration the condensation of vapour follows a regular 
seasonal range, with a minimum in winter and a maximum in 
summer, where the range is not interfered with by secondary 
causes, such as proximity to the sea, &c. M. Teisserenc de 
Bort presents a paper on the mode of formation of types of 
isobars, and on the theory of the general circulation of the 
atmosphere, illustrated by diagrams. Vol. ii. contains the 
observations made at various stations and mountain observa
tories, including also several stations in Algeria, Egypt, 
Panama, &c. Vol. iii. contains values of rainfall at a large 
number of stations, with monthly, seasonal, and annual charts. 
The actual number of stations reaches nearly 1800, and daily 
values are published for 925 stations.

A remarkable weather change is reported to have occurred 
at Orenburg on November 19, 1890. After a temperature of 
3° C., with heavy rain, there was a fall to - 30° C. in 20 
minutes. Some thirty Kirghises, who were returning to Oren
burg, were drenched with the rain, then frozen on their horses. 
Ten of them had been found, and the others were being sought 
for. Many horses and other animals succumbed to the cold.

Snow-drifts are found a serious disturbance of the Russian 
railway system. With a view to forecasting such occurrences, 
M. Sresnewskij has lately collected information about snow
drifts on the Russian lines during 1879-89 {Rep. fUr Met.}. The 
drifts occur in the Northern and Eastern Governments, chiefly 
with south-west wind, but in Southern Russia with north-east. 
In the north, greater gradients are required than in the south. 
The maximum of the drifting is in mid-winter, but there is more 
in the second half of winter than in the first, that having more 
snow. In course of winter the snow grows in thickness, so that 
in March there is more to drift than in December. The marked 
diminution of drifting in February is due to the less wind in that 
month (a fact not yet explained, as the number of cyclones 
shows no decrease). Two kinds of drifting are distinguished ; 
it may be only or chiefly snow lying on the ground that is 
whirled and carried along, or the wind may drive falling snow. 
There are most drifts in the months that have least snowfall 
and the smallest number of days of snow. The snow-drifts in 
South Russia with north-east wind are chiefly connected with 
anticyclones in the central region, or cyclones on the southern 
border; those in the east and north with cyclones in European 
Russia. In Central Russia they occur with cyclonic winds of 
various direction, seldom with anticyclones.

An investigation (more comprehensive than the previous ones 
by Forel, Fritz, and others) of the variations of Alpine glaciers, 
has been recently made by Herr Richter, of the German and 
Austrian Alpine Club. To six advances of glaciers, previously 
known, he adds three, and his account of the six differs some
what from previous ones. The dates of commencement of the 



nine advances are 1592, 1630, 1675, 1712, 1735, 1767, 1814, 
1835, 1875 (?). The following are some of Richter's con
clusions :—Glacier advances recur in periods varying between 
twenty and forty-five years ; on the average of three centuries, 
thirty-five years. The advances are not all of equal intensity, 
nor alike in their progress. Nor is the intensity in a given 
advance-period the same in all glaciers. In the case of some 
glaciers, a period is occasionally skipped, the advance or retire
ment being very weak, so that the thirty-five years period gives 
place to one of seventy years. The glacier variations corre
spond, in general, with Briickner's climate variations. The 
glacier advance generally begins a few years after the moist and 
cool period has set in. There is no good reason to suppose 
that, in historic time, before the sixteenth century, the Alpine 
glaciers were smaller than now, or that variations occurred of 
different order and period from those of the last 300 years. 
About 1880, the earth was passing through a moist and cold 
period, which should have resulted in a general advance ; but 
the advance has been but slight hitherto, and, in the Eastern 
Alps, mostly absent. The cause of this is not at present clear, 
but the mild nature of this last cold period may have something 
to do with it.

The bacillus of tuberculosis, it is known, is often t<? be found 
in places lived in by consumptives. Herr Prausnitz has lately 
collected the dust in various compartments of trains which often 
convey patients from Berlin to Meran, and inoculated a number 
of guinea-pigs with it. Two, out of five compartments so 
examined, were found to contain the bacillus ; the dust of one 
rendered three out of four guinea-pigs tuberculous ; that of the 
other, two. The animals were killed after ten to twelve weeks, 
but in no case was the disease very advanced ; the author 
supposes the number of bacilli to have been but small. The 
facts, however, seem to point to the necessity of disinfection of 
such railway carriages, especially the carpets or mats.

To the usual well-known ways of stimulating muscles to con- 
raction, viz. electrical, thermal, mechanical, and chemical, M. 

D’Arsonval has recently added that by means of light. lie 
could not, indeed, get any contraction in a fresh frog-muscle, 
when he suddenly threw bright light on it in a dark chamber ; 
but having first in darkness stimulated a muscle with induction 
currents too weak to give a visible effect, and then suddenly 
illuminated the muscle with an arc light, the muscle showed 
slight tremulation. Not thinking this conclusive, however, M. 
D’Arsonval attached a muscle to the middle of a piece of skin 
stretched on a funnel, and connected the tube of the funnel by 
means of a piece of india-rubber tube with the ear. The muscle 
being now subjected to intense intermittent light, he heard a 
tone corresponding to the period of illumination, and this 
ceased when the muscle was killed with heat. Arc light was 
used, which was concentrated by a lens and passed through an 
alum-solution to stop the heat rays.

For nearly two years there has been at work in Denver, Colo., 
an automatic refrigerator system, which seems to be thoroughly 
successful. Ammoniacal liquor in the proportion of 29 parts 
pure ammonia to 71 parts water, is forced through a main to the 
point where refrigeration is desired ; a sudden increase of space is 
afforded there for quick vaporization, and after absorption by 
water, the liquid returns by suction to the central station. There 
are two miles of mains having connection with twenty-nine 
boxes, each containing a grill near the top to which the liquor is 
admitted. The space formerly devoted to ice is a clear gain ; 
and the temperature, instead of being a varying quantity, 
dependent on the arrival of the ice man, and never below 40° F., 
can be reduced to any degree above 25’ F. in a few minutes, 
and kept within 2° of the same. The air is dry, sweet, and 

clean ; the moisture collects on the grill as frost. In one experi
ment a piece of meat was kept six months and then cooked and 
eaten, and it seemed no way different from fresh meat.

The French Societe de 1’Encouragement lately offered a prize 
of rooo francs for conservation of potatoes and other vegetables. 
Four of the five applicants used some isolating substance (wood
ash, sawdust, rye-straw with sand). M. Schribaux, who gained 
the prize, puts potatoes for ten hours in a 1J per cent, solution 
of commercial sulphuric acid to kill the buds (a 2 per cent, solu
tion for thick skins). The potatoes are taken out and thoroughly 
dried, and they will keep without alteration more than a year. 
The same solution serves for repeated immersions, the con
centration remaining constant. The process is not applicable to 
onions. Another prize by the same Society (3000 francs) is 
awarded to M. Candlot for a memoir treating of the action of 
sea-water on cements. He shows that the sulphate of lime 
resulting from decomposition of sulphate of magnesia by lime
salts of the cement combines with aluminate of lime to give a 
double crystalline salt containing half its weight of water. The 
crystallization of a salt so greatly hydrated involves considerable 
swelling, and this accounts for the disaggregation of cements in 
marine work. M. Candlot has observed the curious fact that 
over-baked lime, which takes several days to extinguish in 
water, is extinguished in a few minutes in a 3 per cent, solution 
of chloride of calcium. This is thought to have important 
practical bearings.

M. Raspail has lately called attention, in the Zoological 
Society of France, to the serious diminution of birds in that 
country through destruction of their nests. Some insectivorous 
species are becoming very rare, while the ravages of parasites on 
useful plants are extending. Boys, of course, do a great deal of 
the mischief; and of the various animals which attack nests 
(the squirrel, the hedgehog, the dormouse, the magpie, &c.) 
M. Raspail regards the cat as the worst offender. On a recently- 
wooded property of about 7 acres he observed last year as 
follows :—Out of 37 nests, carefully watched, only 8 succeeded ; 
29 were destroyed, 14 of these by the cat, though effort had 
been made to ward off this insatiable marauder. On a large 
property in the centre of a village the owner had about 80 cats 
annually caught in traps. The place having lately changed 
hands, the gardeners estimate that more than too nests were 
destroyed last year, three-fourths of these by cats. M. Raspail 
advocates a rigorous application of the law for protection of 
insectivorous species, the disqualification of the cat as a domestic 
animal, and the giving of prizes to foresters and others for de
struction of all animals which prey on eggs and young in the 
nest.

Tobacco fermentation, a very essential process, is brought 
about by firmly packing ripe tobacco in large quantities. It had 
been generally supposed that the fermentation is of purely 
chemical nature, but Herr Suchsland, of the German Botanical 
Society, finds that a fungus is concerned in it. In all the 
tobaccos he examined, he found large quantities of fungi, though 
of only two or three species. Bacteriaceae were predominant, 
but Coccaceae also occurred. When they were taken and in
creased by pure cultivation, and added to other kinds of 
tobacco, they produced changes of taste and smell which re
called those of their original nutritive base. In cultivation of 
tobacco in Germany it has been sought to get a good quality, 
chiefly by ground cultivation, and introduction of the best kinds 
of tobacco. But it is pointed out that failure of the best 
success may be due to the fact that the more active fermenting 
fungi of the original country are not brought with the seeds, and 
the ferments here cannot give such good results. Experiments 
made with a view to improvement on the lines suggested have 
apparently proved successful.



A PROFITABLE industry, little heard of, is carried on among 
the hills of Connecticut (Sci. Am.). It is the manufacture o 
birch oil, which is used largely for confectionery, and gives a 
perfect wintergreen flavour. There are eight mills in the State 
—the first built only ten years ago. Birch brush, without 
foliage, and not over 2J inches in diameter, from the black, moun
tain or sugar birch (not the yellow or white), is chopped up and 
boiled with water in tanks. The steam, passing through an 
iron pipe near the top, is condensed in a coil immersed in 
running water, and drops into a glass jar. The oil is much 
heavier than water, and in the crude state is of copper hue. 
The mills work only from October to April. A good deal of 
adulterated birch oil is used in tanning leather to imitate Russia 
leather.

We have just received the Report for 1890 of the Botanical 
Exchange Club of the British Isles. There are about fifty 
members, and a list of the plants that are wanted is sent out 
every spring. The Secretary is Mr. Charles Bailey, Ashfield 
College Road, Whalley Range, Manchester. The distributor 
for last year was the Rev. E. T. Linton, one of our most pains
taking British botanists, and the Report is edited by him. The 
number of specimens received was 4100, from twenty-six con
tributors. The most interesting novelty of the year is an 
Arenaria found at the head of Ribblesdale, in Yorkshire, which 
is nearly allied to, but not quite identical with, A. norvegica, 
known only within the British area in the Shetland Islands and 
Orkney, and A. ciliata, known only in County Sligo. Mr. 
Linton treats it as A. gothica, Fries., but that plant is an 
annual, whilst the Ribblesdale plant is a perennial. It is, in 
fact, a form about half-way between norvegica and gothica. 
Out of thirty-eight pages of the Report, eleven are occupied by 
Rubi. A new general working up of the British Rubi is much 
wanted, and it is evident the different referees to whom the 
specimens have been sent do not use some of the names with 
the same application or range of significance. What beginners 
want are good typical specimens of the most distinct forms. To 
give them the intermediate connecting links before they know 
thoroughly the typical sub-species only bewilders them. In 
roses the difficulty is that it is often impossible to determine a 
given plant positively without seeing it in three stages—flower, 
young fruit, and mature fruit—and nearly all the specimens sent 
to the Club arrive in a single stage. The above remark applies 
to R. mollis and tomentosa, concerning which there are eleven 
paragraphs in the Report, none of which tend to any real en
lightenment. To Hieracia the same remark applies as to Rubi ; 
but Mr. F. A. Hanbury's elaborate monograph, now fairly started 
off, will put this right. Three other sets of plants are at present 
receiving much attention from the members, i.e. hybrid willows, 
hybrid Epilobia, and Potamogetons. At the end of the Report 
there is a long list of new county records.

The additions to the Zoological Society’s Gardens during the 
past week include a Brown Capuchin (Cebus fatuellus 9 ) from 
Guiana, presented by Miss Phyllis Duncan; a Red-bellied 
Squirrel (Sciurus variegatus) from Trinidad, a Golden Agouti 
(Dasyproeta aguli) from Guiana, a West Indian Agouti (Dasy- 
procta cristat.>) from the West Indies, two Violet Tanagers 
(Euphonies violacca) from Brazil, presented by Mr. R. J. L. 
Guppy, C.M.Z.S. ; a Common Otter (Lutra vulgaris), British, 
presented by Mr. D. E. Cardinall; a Marbled Polecat (Putorius 
sarmaticus) from Quettah, presented by Colonel C. Shepherd ; 
a Vulpine Squirrel (Sciurus vulpinus) from North America, 
presented by Miss Pickford ; seven Lemmings (Myodes lemmus) 
from Norway, presented by Mr. T. T. Somerville ; two Sparrow- 
Hawks (Accipiter nisus), British, presented by Mr. Digby F. W. 
Nicholl, F.Z.S. ; a Grey Parrot (Psittacus erithacus) from 
West Africa, presented by Mrs. Hale ; a Golden Eagle (Aquila 

chrysaetus), European, presented by Captain Taylor ; a Common 
Chameleon (Chamal'-on vulgwis) from North Africa, a Dwarf 
Chameleon (Chamaleon pumilus) from South Africa, presented 
by Captain Wood ; two Common Chameleons (Chamaleon vul
garis) from North Africa, presented by Mr. E. Palmer; an 
Egyptian Ichneumon (Herpestes ichneumon) from Spain, a Black
headed Caique (Caica mclanoccphala) from Demerara, deposited ; 
a Yak (Poiphagus grunniens), born in the Gardens.

OUR ASTRONOMICAL COLUMN.
Periodic Variations in the Latitude of Solar 

I Prominences.—From a paper by Prof. Ricco, in Comptes 
I rendus for August 3, it appears that the mean latitude of solar 

prominences varies periodically in the same way as that of spots. 
During the last eleven years observations of the form, position, 
and dimension of solar prominences have been made at Palermo 
on 2207 days, with the same refractor and spectroscope. In this 
period 7663 prominences have been observed, having a height 
equal to or greater than 30". Neglecting a few irregularities, 
the observations show that about the time of maximum solar 
activity prominences occur nearest the sun’s equator ; the mean 
latitude for both hemispheres in the second year after the last 
maximum being 27’’5. There is then a rapid general increase 
in the latitude of most frequent occurrence up to the minimum 
epoch, the mean latitude for both hemispheres in the year follow
ing the last minimum—that is, in 1890—being 4i°’3. In other 
words, up to the commencement of the minimum period pro
minences approach the equator. They then appear in high 
latitudes, to descend again to the equator in an eleven-year cycle. 
The intimate relation that exists between this variation and that 
observed in the distribution of spots is evident from an inspection 
of the accompanying figure, which represents the mean latitudes

of spots according to Prof. Spiirer's observations, and those 
found for prominences by Prof. Ricco. The pairs of like curves 
run almost parallel to each other, and are separated by an 
approximately equal number of degrees at all points. It is 
worthy of remark that the photographs of the solar corona 
recently investigated by Prof. Bigelow exhibit a movement in 
latitude which is most probably connected with the latitude 
variations of sun-spots and prominences.

Photography of Solar Prominences and their 
Spectra.—In the American Journal of Science for August, and1 
Astronomische Nachrichten, No. 3053, Prof. G. H. Hale gives 
some results which he has obtained in solar prominence photo
graphy, utilizing the methods noted in Nature, vol. xliii. 
p. 133. With the fourth-order spectrum of a grating having 
14,438 lines to the inch, and both radial and tangential slits, the 
broad II and Klines invariably have bright lines running through 
them, apparently to the top of every prominence. This is an 
important fact, for the position of II and K in the spectrum 
makes it unnecessary to stain the photographic plates, or prolong 
the exposure, as would be the case if theC line were employed ; 
and their characteristic banded appearance renders them pecu



liarly useful as backgrounds for the bright prominence lines, and 
allows the u-e of a wide slit. Working with a tangential slit, 
Prof. Hale has obtained excellent photographs of reversals of 
H and K. The former line is found to be double, the com
panion being about t'5 tenth-metres less refrangible, and pos
sibly coincident with a line of hydrogen at A 3970'25. The 
photographs also show three bright lines, which appear to be 
coincident with the lines a, 3, and 7 of the hydrogen series. 
The first of these is seen as a double line, the components of 
which are separated by a fraction of a tenth-metre.

It is highly probable that a large number of prominences 
cannot be made out by the ordinary method of observing the 
C line. These invisible or “white” prominences must therefore 
be detected photographically. But as it would be an extremely 
troublesome process to take a set of photographs with the slit 
tangential to various points on the limb, and as prominences 
having a considerable elevation could not be easily photographed 
by this method, another arrangement has been devised which 
nullifies these objections, and allows eye observations of C to 
be made while the exposure to the H and K region is going on. 
Certainly, if Prof. Hale should be able to do for invisible pro
minences what has been done at Palermo for those visually 
observable, our knowledge of the relation between the two 
classes of phenomena and their connection with sun-spots 
would be considerably extended.

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

The following is the list of candidates successful in the compe
tition for the Whitworth Scholarships and Exhibitions, 1891 :— 
(1) Scholarships, /125 a year each (tenable for three years) :— 
Robert W. Weekes, electrical engineer; William G. Rennie, 
engineering student; Thomas G. Jones, engineer ; William H. 
Pretty, mechanical engineer. (2) Exhibitions, /50 a year each ' 
(tenable for one year)Julian J. King-Salter, student; Louis 
Martineau, engineer ; Harold R. Cullen, engineer apprentice ; 
Frederick Hossack, mechanical engineer; William A. Lelean, 
engineering draughtsman; William F. Nixon, engineer; John 
Chambers, draughtsman ; Joseph W. Kershaw, student ; Charles 
H. Gadsby, engineer’s draughtsman ; Frederick Charles Lea, 
apprentice millwright; George Thomas White, mechanic; 
Joseph H. Gibson, marine engineer; Henry Fowler, engineer 
apprentice ; Arthur E. Malpas, engine fitter apprentice ; James j 
Hall, student ; Waller E. Lilly, engineer ; Charles Jefcoat, Jun., 
turner; Percy V. Vernon, fitter; George E. Armstrong, engi
neer student; Martin DeVille, draughtsman ; Richard H. 
Cabena, marine engineer’s draughtsman ; Frederick Dodridge, 
engine fitter ; Alfred J. Ward, mechanical engineer ; William 
E. Tubbs, coachmaker ; /Alexander Norwell, mechanical engi
neer ; Richard Baxendale, draughtsman ; Walter Amor, fitter ; 
Thomas Bouts, engineer ; Alfred Meyer, draughtsman; John 
W. Anderson, draughtsman.

The list of successful candidates for Royal Exhibitions, National 
Scholarships, and Free Studentships, 1891, is as follows ;— 
National Scholarship for Biological Subjects—George S. West, 
student. National Scholarship for Chemistry and Physics— 
James Bruce, student. National Scholarship for Mechanics— 
Sydney G. Starling, student. National Scholarships—Charles 
H. Sidebotham, student ; Bernard E. Spencer, student ; James 
H. Smith, pattern maker; John Ball, engineer; Charles Harold 
Robinson, tobacconist ; George W. Fearnley, student ; Charles 
J. Gray, student ; Francis Carroll, student ; Ralph M. Archer, 
teacher; Harry Verney, fitter; James Thompson, teacher. 
Royal Exhibitions—Hubert Cartwright, student ; Walter H. 
Watson, laboratory assistant; Sidney G. Horsley, student ; 
Charlie R. Cross, student; Watson Crossley, cotton weaver ; 
Samuel D. Crothers, farmer ; Peter Pinkerton, student. Free 
Studentships—David Baxandall, student; Herbert C. Robin
son, student; William G. Freeman, student; Charles H. 
Gadsby, engineer’s draughtsman ; Stephen Pace, none ; William 
H. Dolman, teacher.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, August 10.—M. Duchartre in the 
chair.—Artificial production of a micaceous trachyte, by MM. 

F. Fouque and Michel Levy. This trachyte was obtained by 
the action of water under pressure on a glass resulting from the 
fusion of Vire granite, and at a bright red heat. The rock was 
homogeneous, and its sections exhibited beautiful octahedral 
crystals of a variety of spinel in connection with orthoclase and 
black mica.—Note on an experiment on ostriculture that has been 
carried out in the fish-pond of the Roscoff Laboratory,by M. H. 
de Lacaze-Duthiers.—Physiological research on carbon mon
oxide in a medium containing it in the proportion of one ten
thousandth, by M. N. Grehant. After passing a mixture 
containing a ten-thousandth part of carbon monoxide through 
blood for half an hour, it was found that the respiratory capacity 
of the blood was diminished from 23 7 to 23 0 per cent. The 
difference (07) represents the amount of oxygen replaced by 
carbon monoxide. When the gas was passed through under a 
pressure of five atmospheres, it was found that the respiratory 
capacity had diminished from 237 to 17’2. This result may be 
applied to the detection of small quantities of carbon monoxide 
in confined air, and it also indicates that it is not only the per
centage proportion of the gas which must be considered in 
questions relating to the absorption of it by haemoglobin, for this 
remained the same in both experiments, viz. r^lmith.—On the 
refraction and dispersion of crystallized chlorate of soda, by M. 
Frantz Dussaud. The author has measured with five different 
instruments the refractive index of chlorate of soda at tempera
tures between 0° and 30°, and for twelve lines in the spectrum. 
For the sodium line (D) and a temperature of 20° the value 
obtained is 1-51510. The result for a is 1 -50197, and for Cd (18) 
1 58500.—On the habits of Gobius minulus, by M. Frederic 
Guitel.—On the pathological types of the curve of muscular 
action, by M. Maurice Mendelssohn.—On the preventive in
oculations of yellow fever, by M. Domingos Freire. The author 
has inoculated 10,881 persons with cultures of Micrococcus 
amaril. The mortality of those so vaccinated was0-4 percent., 
although the patients lived in districts infected with yellow fever, 
whilst the death-rate of the uninoculated during the same period 
was from 30 to 40 per cent. These results have led the Govern
ment of the Brazilian States to found an institute for the culture 
of the virus of yellow fever and other infectious diseases, and to 
appoint M. Freire the director.—On anew incandescent light, 
by M. Bay.
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