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REPORT
OF 'fHE

INTERNATIONAL METEOROLOGICAL COMMITTEE.
Meeting at St. Petersburg, September, 1899

FIRST MEETING, SATURDAY, SEPTEMBER 2ND.
THE meeting was opened at 2h. p.m. in the Lecture
Room of the Imperial Academy of Sciences.
Present : His Imperial Highness the Grand Duke
Constantine Constantinovitch, MM. Mascart (President),
von Bezold, Billwiller, Hepites, Hildebrandsson, Pernter,
Rykatcheff, and Snellen.
On the motion of M. Rykatcheff, M. J. Kiersnovsky
was invited to attend the meetings, in order to render
assistance in keeping the minutes of proceedings.
The Grand Duke opened the meeting, and bade the
mem hers of the Committee welcome in the following
words:" GENTLEMEN,-It is with sincere and heartfelt pleasure
that I see you assembled within the walls of this Academy,
and I bid you a very hearty welcome.
"The domain of science which you cultivate, Gentlemen,
has from the earliest times attracted the attention of our
Academy, for our first meteorological observations took
their origin at the very epoch of its foundation.
" 8eventy years have gone by since the day when the
celebrated Alexander von Humboldt, in this very lecture
room, put forward his ideas on the necessity of extending
the system of magnetic and meteorological observations
in Hussia. The . eminent member of our Academy,
M. Kupffer, was fired by this appeal, and framed a scheme
for a complete system of observations which were to be
instituted and to be discusrnd in a special central institute
to be created for that object. Twenty years later, thanks
to the Emperor Nicholas, the august protector of science,
Kupffer saw the. fulfilment of his dream-the foundation
of the Central Physical Observatory of St, Petersburg.
5991-23
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Far from being content with this success, he sought to
create a vaster organization, which should institute a
uniform system of magnetical and meteorological observa·
tions to be carried out OYer t he entire globe.

"In 1850, at t he meeti n~: of the British Assoeiation at
Edinburgh, Kupffer submitted a memorandum in which
· he suggested the establishrnent in every country of a
system of meteorologic::il and mag netical stations, which
should be connected with a centrl'll institution serving·
as their point of reunion.
The directors of thes~
institution s :;hou1cl, according to Kupffer's scheme, meet
together at ct:rtain inter vals in onler to arrange their
plans of action for the futme. He contemplated, in one
word, such meetings as t hat which is now about to begin,
and we may therefore consider his project as actually in
the way of its foll accom1Jlishment.
"The year 1899, Gentlemen, is a twofold jubilee for
the Nicholaf: Observatory, the services of which to science
) 7 0n have 80 gracefully recognized iu your addresses.
It
is the fiftieth sin ce it:; foundation, and the centenary of the
birth of its foni1C1er . \Ve have been deeply touched by
the congratnlatio11:0 which you have been so good as to
conve).,. to us from t he illustrious institution s which you
administer, and I have the pl easure of expressing to you,
not onh· in 1nv <.rwn 11nme. but also in that of the Acadcmv
of whi; h I h~ve the ho1~our to be President, our sin ce1~e
recognition of the sentiments you have expressed to us.
" Thank s to the labours of the earlier meteorological
Congresses and Conferences, and of the meteorological
com mittees, many important investigations have been
bro ught tn successful issues. A certain nniform ity in the
metho<ls of ohservation ha:; been secured throughout the
civilize.cl world, and t hese mark incontestable progress ;
but we cannot 8top. Science can never be stationary ;
new problem:; are proposed ; new que,,tions arise ; and no
matter lio\\· great the resu lts which yo ur zeal and energy
have attain1~ d: science call s you to fresh efforts, to continued
\York.
" Proceed with )7 0ur \\·ork, Gentlemen, so important for
tbi~ prngrc~ s of si::ience and the prosperity of the human
race) ::n cl be lieve in the sincerity of our hope that the
most 11ri ili nnt and perfect success will crown your noble
effort;; ,··

The President replied :
"MoNSEIGNLrnn,-1 feel myself happy, in the name of
my colleagues, in expressing to yo ur Imperial Highness
our thanks for the great honour you have conferred on us
in presiding over this the first meeting of the International .Meteorological Committee of Paris, and in welcoming us so graciously within the wall8 of the Imperial
Acaderny of Sciences.

" Our chief object in selecting St. Petersburg as t he
place of meeting has been to enable us to present our
congratulations, and to give utterance to our cordial good
wishes on the double occasion of the jubilee of the
foundation of the Nicholas Observatory anc1 the centenary
of the birth of its founder.
· " On the present occasion several of our members, even
of those who have been most regular in their attendances,
They have
have found it impossible to be present.
charged me to express their sincere regret, and, at the
same time, have assured me of their lively interest in our
proceedings.
"The remembrance of Kup:ffer, which your Highness
has recalled to us in such graceful words, is peculiarly
appropriate to the present occasion. Kup:ffer was a man
of science, and also of originality. His personal wmk on
most of the questions of Terrestrial Physics and his active
propaganda may be said, in one word, to have furnished
the basis for the programme of operations which the
International Meteorological Committee is seeking to carry
into general adoption by common agreement between all
civilized nation s.

Ve could not have cornmer..ced our proceedings under
more propitious auspices."
The President announced that Mr. Scott, the zealous
Secretary uf the Committee, had been detained in England
by the sudden death of Lieutenant Baillie, and he requested
M. Hildebrandsson to be so good as to undertake the
duties uf provisional Secretary.
This proposal was
unanimously accepted.
1
"\

M. Hildebrandsson expressed his thanks to the · Com mittee and t.ook his seat as Secretary.
A 2
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The President reported, that a prov1s10nary programme
of the questions to be submitted to the Committee had been
distributed to the members. This programme was adopted
with the addition of certain proposals made respectively
by MM. von Bezold, Neumayer, Paulsen, and Pernter.
(Appendix I.)
M. Mascart read the subjoined report on the action of
the Committee since the meeting of Paris, prepared by
Mr. Scott:"The Conference of Paris in 1896 entrusted the International Meteorological Committee with the duty of
collecting reports on several questions which had been
handed over for consideration to special Committees
nominated by the Conference.
"vVe have the honour to submit the reports which have
reached us up to date.

" In addition the Conference had adopted the following
resolution : The Conference requests the International Committee
to convene a meeting of the Directors of the different
offices which deal with Ocean Meteorology, in order to
establish uniformity in the methods of observation and of
publication. It hopes that a report on the subject may
be prepared for the next Conference.
"In order to carry out this resolution, we have consulted
the Chiefs of the different offices which deal with Ocean
Meteorology. vVe haYe not received any definite proposal,
and we are of opinion that the moment for convening
a Maritime Conference has not yet arrived.
" On April 20, 1898, we received from Dr. Hann an
intimation of his desire to give up his seat on the
Committee, and a proposal that M. Pernter, his successor
at the Central Anstalt at Vienna, should be elected in his
place.
"O_n the 9th of May, 1898, we consulted our colleagues
by a circular containing the following proposals : -

( 1.) The co-option of M. Pernter.
( 2.) The acceptance of an invitation from General
Rykatcheff for an eventual meeting of the
Committee itt St. Petersburg.
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" The majority of the replies as regards the two
proposals were favourable, and "'.\1. P ernter was elected a
member of the Committee.
" As regards the date of the proposed meeting, a circular
of March 24, 1899 , had proposed the 25th of August, in
accordance with General H.ykatcheff.
"Later, M. von Bewld had requested the Committee to
defer the dn.y of meeting for a week, and to fix it for
September 2. This proposal was communicatecl. to the
members of the Committee by a circular of the 30th of
. May. No objection was raised to it, and the date of
meeting was definitely fixed for September 2.
" Unfortunately, several members have found it impossible to come to St . .Petersburg. MM. Davis, Eliot,
Moore, and H,ussell find the difficulties of a visit to
Europe too serious, 1\1. Capello excuses himself on the
score of health, M. .Paulsen on account of the duty which
has devolved upon him of directing a scientific expedition in Iceland, M. Mohn is unable to quit Christiania
owing to the meetinQ· of the International Statistical
Institution, anrl M. Tacchini has engagements which
retain him in Rome.
" Quite lately, owing to the :;udden death of Mr. Baillie,
who took charge of the Meteorological Office during his
occasional absences, Mr. Scott has been unable to obtain
perm1ss10n to leave the United Kingdom during the
autumn.
ROBERT H. SCOTT."
The report was adopted.
The President read the report by Professor !\licker on
the proceedings of the Committee for Terrestrial 1\fagnetism and Atmospheric Electricity, and particularly on
the proposals made by that Committee, at its meeting at
Bristol in 1898, as to the foture organization of magnetic
conferences (Appendix II.).
These proposals were unanimously adopted.
M. Hildebrandsson, as Chairman of the Cloud Committee, read his report on the proceedings of that
Committee since the la!'\t Conferen~e in Paris in 189G
(Appendix III.). At the same time he handed in the

publication which he had issued on the subject, and also
tha t of "JI. le Pere Algne, S..J. , of Nfaniht.
The President, in the name of the Committee, thanked
the Cloud Committee for the important results they had
alread y secured, and he most particularly complimented
M. Hildebrand sson on the very important part that he
had taken in the organization of these researches, which
possessed scientific interest of a very high order.
The President communicated to the Committee ( 1) a
report by M. Hergesell on the proceedings of the
Aeronautical Committee (Appendix IV.), ( 2) a letter
from M. Teisserenc de Bort on the experiments he
had made with unmanned balloons and with kites at
Trappes (Appendix V .), and (3) a report by Mr. Rotch
on the use of kites at hj s observatory at Blue Hill
(Appendix VI.).
Dr. von Bezold made some remarks on the aeronautical
experiments carried out at Berlin under the direction of
Dr. Assmann.
Th e Committee requested Dr. von Bezold to furnish, at
a later meeting, a note on this subject (Appendix VII.).
The President gave a summary of an interesting
memoir by M. Violle, Chairman of the Committee for
Radiation and lnsolation (Appendix VIII.).
The special questions raised during the discussion of
the above reports were deferred to subsequent meetings.
The meeting was closed at 3h. 40m. p.m.

SECOND MEETING, MONDAY, SEPTEMBEH 4TH.

The meeting was commenced at 9h. 30m. a.m.
Present :--MM. Mascart, President ; Hildebrandsson,
Secretary ; von Bezold, Billwiller, Hepites, Pernter,
Rykatcheff, Snellen, and Kiersnovsky, Assistant.
The minutes of the first meeting were read and
confirmed.
The discussion was opened on : Question 5. " I s it desirable that the Committee should
interest itself in seismological observations ? "
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The President read a letter from Mr. John Milne on
this subject (Appendix IX.).
The Secretary gave a SL1mmary of the action of the
Committee on this subject at previous meetings (Rome,
1879, and Berne, 1880).
M. Rykatcheff gave an account of what had already
been effected in Russia, and of what it 'vas proposed to
carry out in conjunction with the Imperial Academy of
Sciences.
·

l\'1. Bill will er observed that for the last twenty years
a Seismological Committee h£>.d existed in Switzerland.
After some discussion, in which MM. Mascart, von
Bezold, Pernter, and Hepites had taken part, the following resolution was adopted unanimously:" The Committee recommends that Meteorological
Institutions should take part in seismological investigations."
Question 6. "Antarctic explorations."
M. von Bezold stated that Germany and England
were at present organizing scientific explorations . in the
Antarctic regions, and that it was desired that, during
these expeditions, simultaneou s magnetical observations
should be carried oµt over all the terrestrial globe, and
that more frequent meteorological observations should be
recorded in the Southern Hemisphere. It would be very
desirable that other countries should, if possible, organize
expeditions for the same year-1902.
After some discussion the Committee requested M. von
Bezold to draw up a report on the subject (Appendix X.),
and adopted the following resolution :-"It is extremely desirable (i), that the results of these
expeditions should be completed by data furnished by
existing observations or by ships ; by the establishment
of new observatories, and above all by the organization
of magnetic observations in the Southern Hemisphere,
and (2), that the magnetic observations over the entire
globe should be carried out in accordance with those of the
expeditions."
Question 7. "On the establishment of observatories ,at
the centres of action of the atmosphere."
.
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M. Hildebrandsson read a report on this question
(Appendix XL).
·The majority of the members took part in this discussion,
and the Committee adopted unanimously the following
resolution:" The Committee recognizes the great importance which
M. Hildebrandsson has pointed out of securing observations carried on regularly at certain spots which appear to
possess special importance in indicating the general
character of the movements of the atmosphere. The
Committee have been much gratified by the particulars
supplied by MM. von Bezold and Mascart of the project
of His Serene Highness the Prince of Monaco, for the
estahlishrnent of a meteorological and magnetical observatory in the Azores."
Question 8. " The determination of the meteorological
day."
After an exhaustive discussion, the following resolution
·
was adopted : -

" If the calculation of diurnal means is not made by
the use of the exact formula

(0 + 24 + 1 + 2 + 3

+ 23): 24,
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it will suffice to include the midnight observation as
belonging to the previous day, as is already done at most ·
stations, and to adopt the formula

(1+2+3
+24):24."
The meeting was closed at noon.

THIRD MEETING, TUESDAY, SEPTEMTIER 5TH.

The meeting was opened at 9h. a.m.
Present :-MM. Mascart, President; Hildebrandsson,
Secretary ; von Bezold, Billwiller, Hepites, Pernter,
Rykatcheff, Snellen, and Kiersnovsky, Assistant.
The minutes of the precediug meeting were read and
confirmed.
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The discussion was opened on:Question 9. " Instructions for the use of sunshine
recorders."
M. Hildebrandsson gave a summary of the resolutions
already adopted ai the :Munich Conference (Report, p. 17),
and at Paris (Report, p. 42).
l\l. von Bezold explained the method of observation
adopted at Magdeburg.

After a brief discussion, the Committee decided-" That it is best to refer the sunshine observations to
true time, and to indicate this at the head of the tables.
In the actual condition of the question, · the Campbell
recorder appears to maintain its position as the instrument
which furnishes the most comparable values."
Question 10. "Rules for determining . the temperature
of the surface of the soil."
After discussion the Committee adopted the following
resolution : " The temperature of the surface of the soil is still an
element which is ill-defined, and which depends in great
measure on the character of the soil, but which has a real
practical importance from the point of view of agriculture.
It is to be recommended that the observations should
indicate the exact conditions under which the thermometers
are expose d ."
M. von Bezold added that it would be very useful to
determine also the physical constants of the different layers
of soil, such as the thermal capacity for unit of volume, the
conductibility, etc.
Question 11. "· Precautions to be adopted in the use
of spirit thermometers."
The Secretary reported that the Committee had adopted
various resolutions on this subject. Ziirich (Appendix V.,
p. 14), and Munich (Appendix VII., p. 67).
M. Rykatcheff handed in a note on this question
(Appendix XII.), and several members described the
precautions taken in their respective systems of observation
to check spirit thermometers.
·· ·
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Question 12. "Symbol to indicate low fog."
The Secretary pointed out that at Munich (p. 22) it
wafl decided to introduce the s3'mbol (;:;) to indicate a fog
which does not exceed the height of a man.

n1. Rykatcheff remarked that it was rather difficult to
introduce a strong lower line in the international symbols,
and that he preferred replacing it by a wavy or zigzag
line.
The Committee considered that it was not advisable
to alter the international symbols. In the manuscript
schedules the wavy line might be employed for the
loweflt line, and the printer might be instructed to replace
this by a dark line.
Question 13. "The precise definition of the circumstances in which the symbol for thunderstorms should be
employed."
M. Rykatcheff remarked: "As thunder cannot occur
without lightning, the symbol T can have no other
meaning than that of a distant storm. In our special
instructions for thunderstorm observations we have adopted
the symbol T for distant storms, when the thunder is heard
more than 10 seconds after the flash. It is desirable that
a future Conference should again consider this question,
and that if the symbol T be maintained, its meaning should
be more precisely defined."
No resolution was adopted on this subject.
Question 14. "The protection of magnetic observatories
against the influence of industrial electricity."
M. von Bezold submitted some magnetic curves obtained
by M. Eschenhagen in order to show the disturbances
produced by electrical tramways at ·different distances.
It was quite evident that the whole science of terrestrial
magnetism was seriously compromised by electrical
industrial establishments, and that it was absolutely
necessary tu adopt some measures to meet this danger,
which is daily increasing.
After some discussion, the Committee requested M. von
Bezold to prepare for the Appendices a note of the results
of the very interesting researches carried out on this subject
(Appendix XIII.).
·
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The Committee felt that it could only place on record
its sincere concern at the very serious situation of affairs,
\vhich would necessitate the removal uf magnetic observatories to a distance from centres of population.
The meeting \vas closed at noon.

FounTH MEETING, w ·EDNESDAY, SEPTEMBEB. 6TH.

The meeting was opened at 9h. a.m.
Present :--MM . Mascart, President; -Hildebrandsson,
Secretary ; \'(111 Bezold, Billwiller, Hepites, Pernter,
Rykatcheff, Snellen, and Kiersnnvsky , Assistant.
The minutes of the last meeting were read and
confirmed.
Question 15. " A proposal to publish, in a special
form; tables of the diurnal march of temperature in each
country."
The President read a letter by Dr. Hann on this subject
(Appendix XIV.).
After discussion, the following resolution was adopted:" The Committee recognize the interest and importance
of Dr. Hann's proposal, but consider that the question
has a general bearing, and ought to be considered by a Conference, after specimens of the proposed tables and the form
of publication have been submitted. Pending an ulterior
decision, the Directors of the different institutes expressed
their readiness to supply to Dr. Hann, in manuscript, if
he required them, the results of observatories at stations of
the First order."
Question 16. "The importance of actinometrical observations."
The President read a report by Dr. Hann (Appendix
XV.).
Dr. Hildebrandsson proposed that the Committee should
declare its assent to Dr. Hann's proposal, and expressed
the hope that the Committee on Radiation and Insolation
would take up this subject, and submit a report thereon
to the next International Meeting.
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Question 17. "The installation of anemo:neters in the
open country under identical conditions."
The President -read a report by M. Teisserenc de Bort
(Appendix XVI.).
M. von Bezold remarked that Dr. Sprung, at Potsdam,
had taken steps to realise this project. M. Billwiller
observed that, with a simple pole, very convenient aspiration
anemometers, similar to the English instrument, could be
On the whole the Committee was of opinion
set up.
that the question req nired con siclcration at a general
Conference.
Question 20. " Is it desirable to restrict the use of the
psychrometer as far as possible: and to recommend the
employment of the hair hygrometer for the observations
at stations of the Second order ?"
M. Hildebrandsson gave a summary of the resolutions
in relation to this subject recorded at previous meetings ;
Vienna (p. 58), Rome (p. 13), Munich (p. 12), Upsala
(p. 7).

•

M. -Pernter read a report on the subject (Appendix
XVIT. ). He expressed the opinion that for stations of the
Second order, where the method of ventilation is not
applied to the instruments, it would be best to employ
the hair hygrometer. M. Rykatcheff, on the other hand,
stated as his opinion that in the actual state of the question
the use of the psychrometer is to be preferred, as these
instruments remain comparable inter se .
M. von Bezold observed that M. Assmann had devised
a very simple form of aspirator, which might be employed
at stations of the Second order.
M. Snellen stated that he had graduated his hygrometer
according to Regnault's method, by the employment of
solutions of sulphuric acid, but he thought that it was
desirable to employ for that purpose saline solutions of
which the vapour tension was well knovm.
M. Hildebrandsson was of opinion that, below the
freezing point, it would be advisable to employ other
instruments than the psychrometer, which gives very
rough results, but it is to be feared that at present no
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other hygrometer exists which is practically useful for
determinations at low temperatures.
The Committee considered that it was not advisable to
adopt any resolution on this question.
The meeting '''as closed at l lh. 30m. a.m.

FIFTH MF~ETING, THURSDAY, SEPTEMBER 7TH.

The meeting was opened at 9h. 15m. a.m.
Present : MM. Mascart, President ; Hildebrandsson,
Secretary ; von Bezuld, Billwiller, Hepites, Pernter,
Rykatcheff, Snellen, and Kiersnovsky, Assif\tant.
The minutes of the last meeting were read and
confirmed.
Question 21. " Cable to Iceland."
The President read a letter from our colleague,
lVL Paulsen, Dfrector of the Meteorological Institute of
Denmark (Appendix XVIII.).
This proposal gave rise to a long discussion in the
Committee in regard of ( 1) its scientific bearings, and ( 2)
the possibility of carrying it out.
The Committee adopted the following resolution : "The experience of recent years has confirmed the
Committee in the opinion it has already expressed on
more than one occasion on the actual importance of
telegraphic communication of information as to the weather
in Iceland. It can only express its sincere wishes for the
s_uccess of the measures undertaken with this object by the
Danish Government."
Question 22. "International ten-day weather bulletins."
A report was submitted from MM. von Bezold and
Neumayer (Appendix XIX.).
M. von Bezold gave detailed explanations on the
scientific ideas which bad led him to propose this scheme,
and on the extent of' co-operation required from foreign
institutions. Several members took part in the-discussion..
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The Committee thanked M. von Bezolcl for his communication , a11d expressed the view that it would be well
to have a definite plan of the proposed publication, so
that each office could consider its bearing , and how it
could itself contribute to its realization.

l\1. Pernter remarked on the diffi culties experiem:ed
in the service of meteorological telegraphy, and proposed
to form a committee to examine into the improvements
which could be introduced into the service of meteorological telegraphy for weather forecasting (Appendix

XX.).
The proposal was adopted, a.nd the Committee was
formed as follows :-Ml\1. P ernter, Chairman ; Bill wilJer,
Snellen, Rylrntcheff, Mohn, Tacchini, and Neumayer.
M. von Bezold read a short report on the researches of
Dr. A. Schmidt at Gotha, relative to the simultaneous
magnetic observations made on Febrnary 26, 1896, at
different observatories.
The Committee requested that M. von Bezold would
draw up for the Appendice:-o a note on t his interesting
investigation, with some figures to indicate the results
obtained (Appendix XXI.).
Date of the next meeting .
The President r ead a letter from M. Tacchini, in which
he proposed a meeting in Paris in 1900.
After a discussion, the Committee requested M. Mascart
to arrange, if possible, for Paris, next year, in the first
half of September, on the occasion of the open 1\ileteorological Congress, for meeting of ( 1) the International
Meteorological Committee, (2) the Special Committees for
T errestrial Magnetism, for Scientific Aeronautical Enquiries, .
for the Clou0-s, for lnsolation and Solar Radiation, a.nd for
the improvement of t he service of 'Weather Forecasting.
Before concluding the meeting, the President expressed
to M. Rykatcheff the profound acknowledgments of the
Commit tee for the t ruly magnificent reception which had
been accorded to it, and especially for t he cordial and
affectionate character of that reception, of which each of
the members would carry away the most preciom:
recollections.

15
M. Rykatcheff replied : " I have been deeply touched by t he cordial words
which your President has just expressed to mP. I thank
you heartily for your indulgence, and at the same time
I propose to assure our President, M. 1\foscart, of our
most sincere recognition of the way in which he has
conducted our proceedings with such zeal and ability."
In conclusion the President expressed the thanks of
the Committee to . our colleague, M. Hildebrandsson, for
having undertaken the heavy task of the secretaryship;
and he also thanked M. Kiersnovsky for the valuable
assistance he had rendered to the Committee, and for his
extreme courtesy to each of its members.
The minutes of the meeting were read and:confirmed.
The meeting was Closed at llh. 45m. a.m.
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APPENDICES.
APPENDIX I.
PROVISIONAL PROGRAMME.

1. Report of Professor Rucker on Terrestrial Magnetism and
Atmospheric Electricity.
2. Report of M. Hildebrandsson on Clouds.
3. Report of M. Hergesell on Balloon Ascents.
4. Report of M. Violle on Radiation and Insolation
5. Is it desirable that the Committee should deal with Seismological Observations ? (M. Rykatcheff).
6. Antarctic Exploration (Dr. von Bezold).
7. Centres of Atmospheric Action (M. Hildebrandsson).
'8. Definition of the Meteorological Day (M. Rykatcheff).
9. Instructions for the use of Sunshine Recorders (M. Rykatcheff).
10. Rules for the determination of the temperature of the soil
(M. Rykatcheff).
11. Precautions to be adopted in the use of alcohol thermometers
(M. RykatcheffJ.
12. The symbol to indicate low fog (M. Rykatcheff).
ID. Further definition of the meaning of the symbols employed
to indicate thunderstorms (M. Rykatcheff).
14. Protection of magnetic observatories against electric supply
currents (Dr. von Bezold).
15. Proposal for the publication, in a special form, of the diurnal
march of temperature for each country (Dr. Hann).
16. The importance of actinometric observations (Dr. Hann).
17. The installation of anemometers in the open country under
identical conditions (M. Teisserenc de Bort).
18. The use of carrier pigeons by 'fransatlantic steamships for
transmitting information about the weather off the
European coasts (M. Teisserenc de Bort).
19. Publication fortnightly, or every ten days, of recent reports
of weather in the Atlantic portion of the Northern
Temperate Zone (Dr. von Bezold).
20. The desirability of restricting the use of the psychometer
as far as possible and of recommending the use of the
hair hygrometer for r gular h ygrornetric observations
(Dr. Pernter),
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21. The establishment of a telegraph cable to Iceland
(M. Paulsen).
22. International ten-clay weather reports (MM. von Bezold and
Neumayer).
23. Date of the next International Conference.

APPENDIX II.
'l'HE MAGNETIC CONFERENCE.

The Intemational Magnetic Conference met at Bristol in
September 1898, during the meeting of the British Association.
The President (Prof. Rucker) in his address gave a complete
account of the circumstances which had led to that meeting.
'rhe names of the gentlemen present, and the subjects discussed,
will be found in the report of the Conference.
'rhe meeting was a success from all points of view. A report
of its proceedings has appeared in " Terrestrial Magnetism" ;
separate copies of the ]JOrl ion of th e British Association Report
which concerns the Conference will be distributed in the course
of the coming year.
The Permanent Magnetic Sub-Committee has decided that its
resolutions shall be submitted to the next meeting of the International Meteorological Conference, and that the attention of
that meeting should be specially called to the proposal::! for the
future organisation of the Magnetic Sub-Committee.

A. W. RUCKER,
Chairman.
December 22nd, 1898.

The future organiscttion of the Jlfagnetic 8itb-Oommittev.
In view of a future organisation, the Sub-Committee passed t.he
following resolutions :Tt is desirable that Terrestrial Magnetism should continue to
be within the scope of the International Meteorological
Conference, provided that :
(1.) Invitations to attend the Conference are issued as widAly
as possible to directors of magnetic observatories, ancl
to all students of terrestrial magnetism.
(2.) That the Permanent Committee on Terrestrial Magnetism
and Atmospheric Electricity, as established at the Paris
Conference, be continued.
(3.) 'l'hat in future there shall be a Magnetic section of the
International Meteorological Conference, which shall
elect a Permanent Magnetic Coll1mittee 1
~991 -23
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(4.) That the Magnetic Committee have power to summon an
Intemational Magnetic Conference at times other than
those at which the whole of the International Meteorologicai (and Magnetic) Conference may meet.
The Sub-Committee also considers that the President of the
Permanent Magnetic Committee should only hold office between
two successive meetings of the International Meteorological (and
Magnetic) Conference.
..
A. W. RUCKER.
September 13th, 1898. ·

•

APPENDIX III.
REPOI-tT OF THE PROCEEDINGS OF THE CLo"rm COMMIT'rEE.

'rhe International Meteorological Commit.tee, which met in Paris
in 1896, elected a Cloud Sub-Committee, the members of which
were MM. Hildebranclsson, President, Riggenbach, Secretary,
Mohn, Rotch, Rykatcheff, Sprung, and Teisserenc cle Bort.
At its first meeting, held in Paris, September 23rd, 1896, the
Committee adopted the proposal of M. Rykatche:ff, that the international observations on clouds should be continued until
January lst, 1898, wherever it was possible, so as to secure that
a synoptic series of observations for one complete year at least
should be available.
According to a resolution of the Sub-Committee, the Secretary
invited by circular all the directors of meteorological services to
send in to the President a note on the actual condition of cloud
observations in their respective countries, and to indicate therein:
A. The stations at which either direct observations are made.
or simple nephoscopes are employed.
·
B. If exact measnrements are made, and in that case to
indicate briefly the instruments and methods employed,
0 . If the.re is an i.n tention of esLablishing fresh stations in
the future.
We now give a succinct summary of the information received
up to date.
At the present moment the r esults have been published, as far as
possible, in accordance with the proposals of the Committee (see
below); in two countries, Sweden and the Philippine Islands,
these publications have bean received at the office of the
Committee.
1. Sweden (M. Hildebrandsson).-In Sweden direct observations have been taken at Skara, Linkoping, Wishy et Lulea.
Exact measures have been made at Upsala, by means of photogrammeters, from May 1, 18!)6, to April 30, 1897, by MM. A.
LuuLlal and J . Westman. The results a!'e given in a publication
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of the meteorological obsen;atory of the Royal University of
Upsala, bearing t he title "Et1tdes internationales des nua,qes,"
1896-97. La Suede I.-III.
2. The Phil-i,ppine Islands (Pere Jose Algue).-Direct observations have been made at several stations in the Philippines.
Exact m easures have been taken at Manila by two pairs of
photogrammeters. The results are published under the title "Las
Nubes en el Archipielago Filipino. Colaboraci6n al trabajo
internacional de medici6n de nubes. "
3. No1·way (M. Mohn).-Direct or nephoscopic observations
have been made at Christiania, Bergen, 'rrondhjem, and Lodingen,
in ihe summer at 8h. a.m., 2h., and 8h. p.m., but in winter only at
noon. Exact measures were made at Bossekop from May 29 to
September 30, 1896, by m eans of t heodolites. The number of
these determinations is about 1900. In winter fmch observations
are impossible in t hat lati tud e. The results will probably be
published towarcl.s t h e close of t he year 1899.
4. France (lVL 'l'eisserenc de Bort.).-Observations and measurements of clouds by means of photogrammeters were carried
reirnlarly up to May 18, 1897, at the dy namic meteorological
obse,,r vatory at Trappes, belonging to M. Teisserenc de Bort.
M. Akerblom, assistant at the Upsala Meteorological Observatory,
has been engaged for several months at Trappes in order to ensure
complete concordance between the operations at these two
observatories. About 2,000 points have been measured, and the
results will be published in the spring of 1900.
5. Ritssia (M. Rykatcheff).-In Russia the international
observations on clouds have been principally organised by the
Nicholas Central Physical Observatory, which has collected the
documents.
These observations are divided into three
categories : -

I. Observations made accoruing to the international programme on the forms of clouds and the velocity uf
their movements. These are only determinations by
estimate, without any instrument. Such observations
have been sent in to the observatory by :188 stations from May l, 1896, to December 31, 1897.
,,
April 30, 1897.
48
,,
('rhese include stations in Turkey, at Bokhara, and
in China.)
The interval fixed by international agreement having
elapsed, many of these stations continue their observations to the present day. In 1899 observations from
206 stations were receivE:d.
At the observatory of Irkutsk similar observations
were carried out three times a day from May 1896. In
1897 they were almost hourly. In that year 2,300
observations were secured, and in 1898 the number
exceeded 3,400.
5991-23
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At the observatory of Ekaterinburg the forms of
clouds, their movements, and the amount of cloud,
have been observed hourly, according to the international scheme. From July I. 1896, they began to
observe the velocity of the movement of the clouds.
These observations are continued up to the present
day.
ll. Observations of the direction and angular velocity of the
douds by use of a nephoscope.
Observations were sent in by six stations in 1897,
11 in 1898, and eight in 1899.
They have not been calculated as yet.

III.

Observations made with photogrammeters or with
theodolites.

a. Pctvlovsk; the Constant£ne Obse!'vator y.-'l'he observations
have been made by the ai.d of photogrammeters conformably
to the internat ional scheme. The number of pairs of really
successful plates reached 17 5 in 1896, 559 in 1897, and 38 in
1898. 'rhe calculation of the altitudes measured in 1898 is
not yet finished. The number of consecutive pairs, for
determining the direction and the velocity of movement of the
clouds, is 125 in all. Meanwhile, almo st always, at the same time
as the measurements with the photogrammeters were being made,
determinations with a n ephoscope were also made of the angular
velocity and the direction of the clouds.
b. hkutsk Obsm·vat01·y.-In winter, January to May 1895,
measurements were taken of the altitude of clouds by the use
of theodolites (vide Bull. de l'Acad. Imp. des Sciences de St. Pet.,
series V., vol. IV., No. 3, 1896).
c. Ekaterinburg Obse1"vatory.-The altitudes of the clouds have
been measured with theodolites. Of quite successful determinations there have been obtained 284 in 1895 and 267 in 1897,
making in all 551 measurements. The caleulations are not quite
finished.
6. Germany:a. Potsclam (Dr. Sprung).-At Potsdam the measurements were
made three times a day, from May 1 to June 30, 18\16, with
theodolites at the extremities of a horizontal base of the length of
367·8 metres. Since t.hat date a pair of photo-theodolit.es by
M. Koppe have been employed for a year, u sing a base 1,469·4
metres long, during the period from July 1 to November 9, 1896,
and from May 3 to June 30, 1897. During the intermediate
pbriod in winter they used the base of 368 metres,
As far as possible the observations were taken every two hours
during daylight, and every day except Sundays. In all they
obtained 1,126 doubl e, or rat her quadruple, cliches, for there were
always two successive photographs taken on the same sensitive
plate to obtain the direction and velocity of t he clouds. With the
same object a Sprung's nephoscope was also employed as a
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supplementary instrument. On these cliches we have measured
7,470 points.
The calculations will be completed in 1899, and after that the
discussions ·w ill be undertaken at once.
Towards the close of 1897 an alltomatic photogrammeter was
installed.# With this apparatus we secure simultaneously
photographs of the zenithal region at the fwo ends of the
1,469 metre basE>. This procedure is certainly preferable for the
upper and the intermediate clouds ; for the lower clouds the base
is generally too long, and is not suitable when it is wished to
measure the summits of cumuli. We are about to remedy these
two inconveniences by means of adjustable mirrors, which will
reflect downwards the images of clouds on the horizon.
We have received observations on the direction and relative
velocity of the clouds from several stations in Prussia, and from
Hohenheim in Wiirttemberg.
All these observations and measurements will be given in a
special publication conformable with the international scheme,
and this will appear in the course of next year, 1900,
b. Dantzig (M. A. 1\'Iomber).-At Dantzig, exact measurements
have been taken with the same apparatus of M. Kayser and
according to the same m ethods as before August, 1899.t Since
May 1, 1896, a base of 1,500 metres inst ead of the old one of 679
metres has been employed. The calculations and discussions are
completed, the only delay is about the cost of printing.
c. In the other parts of Germany neither observations· nor
special measuremenis have been organized. The stations of the
Seewarte alone have been requested to observe very carefully, in
1897, the forms and mo;:ements of the clouds.
7. Portugal (M. de Brito Capello ).-N ephoscopic observations have been made at the meteorological observatory of the
Infante Doil Luis. Exact m easurements have also been made,
since 1896, with t.he equatorials of the pattern Lettry-Ekholm,
between that obserrntory and the astronomical observatory of
Lisbon. The difference of altitude is not more than one or two
metres, but the distance is 3,327 m etres, which is too great for the
lower clouds.
8. England (Mr. R. H. Scott). -No r egular system of cloud
observations has yet. been organized. Mr. A. W. Clayden, alone,
has made at Exeter exact measurements. The m ethod adopted is
to photograph the cloud and the sun on each of two plates simultaneous exposed at opposite ends of a base line. The time of
exposure is noted and reduced to local apparent time, and the
altitude and azimuth of the sun's centre computed. The image of
the sun then serves to determine the altitude and azimuth of the
• A. Sprung : Proposi.tioit· pow· si'lllpl'ijier l'exec1ition des plwtograpkies
si.,,wltanees de.~ nuages. (Rapport d1; Comite rneteorologigne intenULtional, Reunion
d'Upsal, 1894, and Zli tsclwiftfii1· Inst1"1m:entenlmnde, Vol. XIX., 1899, pp.112 and
129.)
t Vide Sclwiften de?· Nat111f01·sc.henden Gesellschaft in IJa.nzig, Vol. IX., 1, p. 93, ·
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selected cloud point. The lenses used have a focus of 45·4 cm.,
and the plates used measure 16 x 22 centimetres.
9. Denmark (M. Paulsen).-The forms and directions of the
clouds are obsened usually three times a day at Copenhagen,
Hinnerup, and Askow, in Denmark, at Thorshaven in the Faroes,
at Reykjavik in Iceland, and at Angmagsalik on the east coast of
Greenland. 'rhe observations have been taken with Sprung's
nephoscope. A station will be establish ed at St. Cross, in the
West Indies. No altitude determinations have been made.
10. The N etherlands (M. Snellen).-The participation of the
in the international cloud observations has been
confined to the direct observations which have been taken at the
seven stations subjoined :Rotterdam from August 1, 1896
to J vly 31, 1897.
,, January, 1, 1897 ,, December 31, 1897.
De Bilt
Utrecht
,, May 1, 1896
,, April 30, 1897.
,, December 31, 1897.
Winters~
,, May 1, 1896
The Held.er
,, July 1, 1H96
,, December 31. 1897.
,, December 31, 1897.
Flushing
,, October 7, 1896
Amsterdam
,, August 1, 1896
,, October 31, urns.
Haarlem
,, December 1, 1896 ,, October 31, 1897.
~etherlands

J- wijlG

ThA observations and discussions are in the press, in the same
form as the Swedish ones.

ll. B elgiwn (l\f. Lancaster). - In Belgium there are about
100 observers who note twice a day at 8h. a.m. and 9h. p.m. the
character of the clouds, their direct.ion and velocity, according to
the international decisions. A good number of observers make a
third observation between 7h. and 9h. p.m . No accurate measurements are carried out. The want of funds and assistants has
llrevented the publication as yet, but M. Lancaster is in hopes that
this will ere long be remedied.

12. Aiistria (Admiral Kalmar).--At Pola, observations with
Fineman's nephoscope :ire made daily at 8h. and 9h. a.m. Noon,
2h., 5h ., 7h., and 9h. p.m. on the r elative velocities on the scale 0-4.
At midnight, 2h. and 5h. a.m., the only observation is of the
amount of cloud.
At Sebenico and at Teodo, and on board all the ships of the
Austrian Navy, observations are taken every watch. Observations
on radiation, undulation, etc., are always made.
13. Spain (M. Arcimis).-In Spain the forms and directions of
the clouds are observed daily, either directly or by the use of
nephoscopes, at Madrid, San F ernando, Ona, and La Guardia, but
exact measurements are not made.
14. Bulgaria (M. S. Watzoff).-Observations of the direction
and apparent velocity of the clouds have been made with a mirror
four times a day, at 7h. a.m., 2h., 7h., and 9h. p.m., since
September 1, 1896, at Sofia, and since January 1, 1897, also, at
11 Bulgarian statiop.s and at Salonika in Turkey. No altitude
measurements are made.

23
15. The United States:(a.) Wash-ington W eathe;· B1.treau (Mr. Moore).-Nephoscopic
observations are taken at 14 stations in the United States.
Exact m easuremimts are made with theodolites at Washington,
in general three times a day. Prof. Bigelow was in charge of this
work. His report was completed and received at the office,
July 1, 1899, and is in the press. It contains in e:rten so the
observations made with theodolites 01· nephoscopes ; the discussions and plates are conformable with the international instructions.
There is also a large amount of n ew discussion relating to the
clouds and the movements of the upper strata of the atmosphere.
The r eport will appear at tlH: close of 1899 as Part VI. of the
R ep01·t uf the Ohi~l uf the TiVeather Bureau .
(b.) Blue Hill Obse1·vatury (Mr. A. L. Rotch).-Nephoscopic
observations of the directions and r elative volocities of clouds
have been made three times a clay for the Weather Bureau at
Washington. Exact measurements have been made, if possible,
twice a clay, with theodolites, at three stations situated on the
same line. There are, accordingly, three bases of the lengths of
2,590 metres, 1,178 m etres, and 1,412 metres. The differences in
altitude are 189, 126, and 63 metres r espectively. In addition, we
employ in certain cases one of the four following methods :(1.) From one single station the positions of the cloud, the
sun, and the shadow of the cloud are measured.
(2.) Kites are used.
(3.) At Blue Hill the altitude is taken of the reflected light
from the lighting of a town, the distance of which is
known.
(4.) The altitude of the base of a cloud on the slopes of the
hill is noted by direct observation.
1,360 measurements, exact enough to be utilized, were effected
in 253 days.
All the calculations have been completed. We have also
employed for the definitive mean results the measurements made
in 1890-91. The nephoscopic observations of 1896-97 will be
published fri e.x:tenso. The discussions haYe been carried out by
Mr. Clayton.
The publication, in conformity with the international instructions, with additions, is in the press, and will shortly appear as an
App endix to the Blue H -ill Obser vations for 1897 and 1898, in the

Annals of the Astronom'ical Obse1·vcdor y of Har vard Oullege,
Vol. XLII., part II., and its title will be ; 111easurements of the
H eights, Velocities, and Dfrect-ions (If Clouds during the Inter-

national Cloud-Year, w-ith a discussion of the results by
H. Helm Clayton.
This publication will be the eleventh of the important memoirs
on the upper regions of the atmosphere, for which meteorologists
are indebted to Mr. Rotch and his able assistants.
16. Oancula.
We have not received a report from the
director, Mr. Stupart. MM. Moore and Rotch have informed us
that measurements have been made .with theodolites at Toronto,
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and with nephoscopes at other stations. The measurements made
at Toronto during April, lVIay,andJune 1897, have been published
in the Ganacl'ictn Weather R eview for the respective months.
17. India (Mr. John Eliot).-Observations have been made with
Fineman's nephoscope at : Allahabad since December 1, 1895.
Jeypore
,,
January 1, 1897.
Lahore
,,
August 1, 1896.
,,
July 5, 1895.
Madras
Simla
,,
March 1, 1895.
The observations have been continued up to the present time.
Measures with photogrammeters have been made at Calcutta
during the year 1897, and at Allahabad in 1898.
The measurements made at Allahabad, and the nephoscopic
observations made during the cloud year, will be published as
soon ai:; possible, in accordance with the international instructions.
18. Victoria (Mr. P . Baracchi).-Direct observations according
to the instructions of the Sub-Committee have bEJen made at 25
stations in Victoria. At Melbourne exact measurements have
been made at two stations at a distance of 2,079 metres by the
Kew method. Two apparatus with lenses of a focal distance
of 112 mm. are placed vertically, and the plates measure 16 cm.
square.
19. Adelaide, Suitth Attstralia (Sir C. 'l'odd).-It was the intention to commence nephoscopic observations with May, 1897.
20. Bat~wia (M. J. P. van der Stok).-From the 22nd of May,
1897, exact measurem ents have been made with two photogrammeters of the model of t.hose at Upsala. The length of
the base is 1,625 metres.
M. van der Stok has left Batavia to enter the service of the
Meteorological Institute of the Netherlands. Consequently it is
nQt known when and how the observations of that important
station will be published.
21. F'inland.-Immediately before the meeting at St. Petersburg we received the subjoined particulars through M. Hinrichs,
of Helsingfors, in the name of the director, M. Biese. Direct
observations according to the international cloud atlas have been
made in Finland since 1896 at Helsingfors, Wiitasaari, and
Torn ea.
Since January, observations have been taken at the two latter
stations, using the Cloud Atlas published by Hildebrandsson,
Koppen, and Neumayer. The observations will be published
according to the instructions of the Sub-Committee.
The first portion of the great international undertaking, the
collection of observations, is approaching its termination, and
the Committee had to organise the other part, the publications.
It has followed the EJxamnle of the Polar Commission, which
fixed a programme, whicl1 was universally adopted. A model
scheme which fixes the minimum of data required from all
stations has )Jeen prepared by MM. Hildebraudsson and Mohn.
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This scheme has been sent to all the members of the SubCommittee by the Secretary, M. Riggenbach. The objections
having been considered, the definite scheme was adopted, and
forwarded to all the directors. It is according to this scheme that
the observations in the different countries have been, or will be,
published.
H. HILDEBRAND HILDEBRANDSSON,
President of the Committee.

APPENDIX IV.
REPORT OF THE PROCEEDINGS OF THE INTERNATIONAL
AERONAUTICAL COMMITTEE.

(Up to March, 1899.)

At the Conference of the Directors of Meteorological Institutions,
which took place in Paris in 1896, several discussions took place
with thP. object of ascertaining what services aeronautical science
could render to meteorological enquiry. The outcome of these
conversations was the appointment of the International Aeronautical Committee by the Conference.
A sub committee had been previously appointed, composed of
several members of the Conference, and it held two meetings
under the presidency of M. de Fonvielle. MM. von Bezold, Erk,
Hergesell, .Jaubert, Rotch, Rykatcheff, and Teisserenc de Bort,
with others, took part in the deliberations. The subjoined
proposals were drawn up and submitted to the Conference at the
meeting of September 23, 1896, and they were accepted
unanimoti.sly.
" (1.) The Conference recognizes the great importance for
the science of meteorology, of aeronautical observations, and expresses a wish that balloon ascents shoulil
be encouraged and multiplied.
" (2.) The Conference expresses a wish that aeronautical
experiments, either with ordinary or with unmanned
balloons, should be made simultaneously at different
stations.
"(:~.) In the actual state of the question, the Conference is
unable to recommend special · methods or to specify
instruments, but it expresses the wish that, in the case
of simultaneous ascents of unmanned balloons, the
patterns of instruments employed should be, as far as
possible, identical.
" (4.) It is of the highest importance that the actual
observations should be published as quickly as possible, especially in the case .of simultaneous ascents.
"' (5.) It is desirable that observations in unmanned
balloons should be conducted in a r:'egular manner.
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(6.) In consideration of the satisfactory 1•esults which
have been obtained at Blue Hill, by the use of kites
carrying self-registering instruments to th e height of
2,000 metres, it is very desirable that similar experimemts should be carried on elsewhere."

'fhe International Committee fixed the following constitution
for the Aeronautical Committee : M. Hergesell, President ;
MM. Assmann, Erk, de Fonvielle, Hermite, Jaubert, Pomortzeff,
and Rotch, with express permission to co-opt other members if
found desirable. The numerous subjects which have been
taken up by the Committee, and especially the desirability of
extending the aeronautical researches over as many countries as
possible, have rendered it necessary to employ this power of
co-option very frequently. Up to the present elate the Committee
has been able to find representatives in most countries, and its
composition at present is as follows :MM. Hergesell, President,
MM. Hilclebranclsson.
Hintertoisser.
W. de Fonvielle, Secretary.
Andree.
Jaubert.
Angot.
Kovanko.
Assmann.
Moede beck.
Besarn;:on.
Pernter.
Berson.
Pomortzeff.
Prince Roland Bonaparte.
Rykatcheff.
Bouquet de la Grye.
von Siegsfelcl.
Cailletet.
Tacchini.
Erk.
Teisserenc de Bort.
de Fonvielle.
Rotch.
Hermite.
I. International simultaneous ascents.
The Committee held that its first task was to carry Q'ut all the
resolutions adapted by the Conference. With this object, it at
ori.ce set to work to arrange for as many ascents as possible at
various points in Europe.
Seven of these ascents have taken place on the dates subjoined.

a. Ascents anterior· to the Meeting of the Intm·na#onal Aeronaittical Cumm'ittee at Str assburg.
November 14, 1896. Stations : Paris, Strassburg, Munich,
St. Petersburg, and Warsaw.
Balloons.-Manned, 5; unmanned, 3.
February 18, 1897 . Stations : Paris, Strassburg, Berlin and
St. Petersburg.
Balloons.--Manned, 4 ; unmanned, 3.
May 13, 1897. Stations: Paris, Strassburg, Munich, and
St. Petersburg.
_Balloons.-Manned, 3; unmanned, 3.
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July 27, 1897. Stations : Paris, Strassburg, St. Petersburg,
and Vienna.
Balloons.-Manned, 2 ; unmanned, 3.

b. Ascents subsequent to the M~eeting of the Committee at
Str assbiwg, J"Jllai·ch 31, 1898.
June 8, 1898. Stations: Paris, Trappes, Strassburg, Brussels,
Munich, Berlin, Vienna, and St. Petershurg. The observatory on
Etna, in Sicily, also took part in the research.
Ball oons.-Manned, 8 ; unmanned, 4.
October 3, 1898. (In connection with the Swiss ascent on the
Alps.) Stations: Paris (Trappes), Sitten (Spelterini, Meteorological Institute of Strassburg), Munich, Berlin, Vienna, and
St. Petersburg.
Balloons.-Manned, 5; unmanned, 3.
March 24, 1899. Stations : Paris, Trappes, Limoges, Strassburg,
Berlin, Vienna, and St. Petersburg.
Balloons.-Manned, 4; unmanned, 7.
The first ascents, especially those "\Vhich took place before the
meeting at Strassburg, were principally employed in testing
the equipment of the balloons, and, in fact, the apparatus . . The
importance of that meeting resulted specially in the following
principle, which was established for all the members:-" Simultaneous ascents can possess no scientific value, and cannot
expect any success unless the equipment of the balloons, manned
or unmanned, at all stations is as nearly as possible identical."
'rhermometers and barometers were tested by several members
of the Committee from different points of view.
These researches have given rise to an interesting series of
discussions, which later on have advantageously served as a basis
for the proceedings of the meeting of the Committee. Thes&
proceedings have been printed, and they contain the discussions
in extenso and the resolutions adopted. We may therefore refer
to these protocols for matters of detail."
'l'he following is, in general terms, the actual condition of these
important questions.
'rhe equipment of the manned balloons was definitely iixed by
the Commit tee.
As regards the unmanned balloons, it has not seemed practicable
as yet to prescribe a normal equipment. The Committee expressed
the wish that, concurrently ·w ith the Richard's r ecorders, fitted
with Bourdon's tub es, which are always employed, we could
construct and employ other thermometers, less inert, which could,
owing to their superior sensitiveness, adapt themselves to rapid
variation of temperature.
*Rapport de la, Commission aeronautique internationale, Reunion de Strasbourg
Publie par l 'Institut 1\'Ieteorologique de Strasbourg.

{~a. J. ~
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Instruments of that character (thermometers) have been lately
constructed by MM. Teisserenc de Bort, Cailletet, Assmann, and
Hergesell.
The experience obtained with these apparatus during the last
two ascents at Strassburg have shown how much the accounts of
the inertia of the Bourdon tu bes have been exaggerated. This
exaggeration arose from the comparison between the temperatures
on the ascent and the descent. The investigations carried out
with the thin strip thermometer have shown that the great
retardation of temperatures of descent (accounted for by the high
co-efficient of inertia in the upper regions attributed to the
Bourdon tubes) ·was not, in fact, due to the sluggishness of the
thermometers, but very frequently to the condensation of water
on the instrument.
We must therefore give more credit to the data from Bourdon's
thermometers (when these data refer to the curves of ascent) than
has hitherto been done. The question of thermometer ventilation
has been carefully studied by several members of the Committee.*
As to the question of the altitude attained by the balloons, it has
been almost unanimously recognized that it is necessary to check
the barometrical calculation by other methods.
The · trigonometrical and geodetical measurAments, which were
taken on different ascents from Berlin, Strassburg, Paris, and
St. Petersburg, have been completed in the most advantageous
way by the photogrammetric method of lVIM. Cailletet and
Finsterwalder. For the calculation of the barometrical heights
a common mAthod has been adopted, which lVI. Teisserenc de Bort
has described in the Appendices to the r eport of the meeting.
The simultaneous ascents, organized by the Committee after the
Strassburg meeting, have furnished as result very good meteorological cleterminations.t They have specially given rise to the
idea of not fixing the elate of simultaneous ascents beforehand,
but to arrange for their taking place under certain meteorological
conditions, agreeing to wait until these conditions should present
themselves. This would allow of studying the atmospheric
situation during the ascent.
The Swiss ascent of October 3, 1898, served, up to a certain
point, as a sort of preparation, and abundantly showed the
possibility of such an enterprise.t
The ascent of March 24, 1899, the second ascent organized
completely in accordance with the idea above mentioned, was
crowned with success from every point of view.
* Vide the papers by MM. Rykatcheff, Teisserenc de Bort, Assmann, and
Herg-esell, in the appendices to the report of t he meeting.
t Yide the notes by MM. Hermite, Besanc;on, Teisserenc de Bort, and Cailletet
in the Co111ptes R encl11s of the Paris Academy, and the paper s of M. Assmann
(ZcitscM~ft fii1' L 11ftsch·i jfahrt), H ergesell, Maurer, and Erk (Metcm·ol. Zeitsch'l"ift), and M. Snelling (1lfthnofres de l' Acadenl'ie dt SY. Peten bo111·g).
i Vide Meteorol. Zeitwln·ift, 1899, Heim, Maurer, Spelterini: Ascent of the
Vega over the Alps.
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M. Teisserenc de Bort, to whom the choice of weather for that
ascent had been left, bad taken advantage of a very interesting
phase of weather for his investigation.
The ascents of March 24 have proved inter alia that even at
very great altitudes (10,000 m etres) gl'eat changes of temperature
may take place.
For the future, one of the principal obj ects of the Aeronautical
Committee in its investigations will be to carry out the study of
interesting m eteorological condiLions by means of simultaneous
ascents organized for that purpose.
It appears from the table of simultaneous ascents that up to the
present time th e Meteorological Institu tes or stations of Trappes,
Paris, Strassburg, Munich, Berlin, and St. Petersbnrg, have taken
an effective part in the work.
It is much to be desired in the interest of these researches that
the list of collaborations should be increased, e.g., by extending
the area of ascents to the South-west, South (beyond the Alps), the
\Vest anrl the extreme North of the Oontiiwnt. I should here
point out the possibility of Meteorological Institutions which have
not the apparatus for manned balloons for co-operating in these
simultaneous ascents. In fact the sending up of unmanned
balloons is very simply effected, and the fittingR of these aerostats
is so far perfected that certain results may be guaranteed.''

II. Attempts and ,investigations made by members of the Comm:ittee to establish permanent meteurolog'ical stations in the
free atmosphere.
The results obtained by the international ascents are certainly
very interesting and very valuable, but the attempts to make
continuous observations in the free air, that is, to use the captive
aerostats for the service of ohservations, have been neglected,
notwithstanding the numerous balloon ascents organized by the
members of the Committe'e during the period of its activity.
Permanent stations in th e free air are of great importance for
meteorological research, for t h ey give us the opportunity of
completing these ref!earches in many direc tions where the results
obtained by free balloons leave much to be desired.
The free meteorological balloon pursues its course and remains
almost entirely in the same meteorological conditions as existed
when it ascended. It only gives ns the vertical constitution of
the selected type of weather.
On the other hand, the kite remains sensibly at the same point
in the atmosphere. 'rhis fact confers on this method a special
stamp, for by the aid of kites we can prosecute the study of
certain phenomena which succeed each other during the period
of obs@rvation. These two methocls, lhe kites and the free
balloons, are complementary to each other in a very satisfactory
manner. Where one fails the other comes to our aicl.

* Jlfetevrolvgisclie:Zeitsckri/t,

January, 1900.
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It is the great merit of our colleague, Mr. A. L. Rotch, to have
largely improved the technical arrangements fqr kite ascents. Some
time ago, at the Paris Conference, he had announced the beautiful
results which he had obtained by using kites for m eteorological
observations. H e has greatly increased his successes since -that
date. The kites have attained greater and greater altitudes, and
have remained flying for a considerable time. On the last occasion
they reachecl the height of 1,000 m etres. On another occasion,
which was perhaps even mme interesting, a characteristic variation
of the meteorological situation was registered and recorded by
means of aerostatical apparatus.*
We may therefore, in the future, look for even more suggestive
results from the establishment of our colleague, Mr. Rotch.
The brilliant results obtained by kites in the United States,
where the Weather Bureau has organized stations on the sam"l
plan over its immense territor y, have raised a ·wish in Europe
no longer to neglect such researches. We should mention
here, in the first place, the valuable work of the St. Petersburg
Observatory, and the magnificent researches, so ri ch in results, of
M. Teisserenc de Bart, at Trappes, a gentleman whose active
co-operation in international balloon ascents has already been
frequently mentioned.
At the Trappes Observatory, which is very completely fitted up,
ascents of kites are organized to explore the upp er r egions of tbe
atmosphere, whenever t hi s is possible. vVe m ay already count,
with great interest, upon the store of results which t his work
cannot fail to render.
At Strassburg, too, the Meteorological Institution has not
neglected the use of kites. We must, however, note the presence
of a very disagreeable circumstance, w hich is perhaps n ot so
serious a disadvantage at other ki te stations on th e Continent.
This is simply the insufficiency of wind force. If, by ch ance, t.he
wind is fresh, it changes in force every instant, and so produces
many disturbances in thB flight of the ki te. The situation of
Strassburg, enclosed in the narrow valley of the Rhine, is
singularly unfortunate in this respect.
On the other h and, I think that t h e extraordinarily favourable
position of the Blue Hill Observatory, n ear the coast., under the
influence of fresh sea breezes, blowing r egularly, and, moreover,
built on a high point, is such a situation as it -..voulcl not be easy to
find for another observatory .
The r emark s made about Strassburg have also been found very
fr equ entl y to apply to Trappes, according to the accounts of
M. Teisserenc de Bort. In fact, t h ey are probabl y more or l ess
applicable to all continental stations. It frequ en tly happens that
the kite will not rise for want of ·wind. If the kites h ave risen,
there are sudden gusts of wind which may break the wire, so that
the kite breaks away.
These defects have given rise in Germany to the attempt to use
captive balloons for met.eorologim1l observations. The spheri'cal
* Vide the interesting paper s by Mr. Rotch and his assistants in the Reports-of
the Blue Hill Observatory.
.
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balloon can only rarely be employed for such work, for it can only
be used at a time when there is a relative calm. It has therefore
been decided to u se the kite balloon, which has for some time been
employed for military purposes, and which ther efore can lend
itself to m eteorological requirements.
In the course of the International .Meeting at Strassburg there
was an opportunity of demonstrating the use of one of these kite
balloons, made by the firm of Riedinger, of Augsburg. The
balloon, which remained up for several days and nights, was left
up during the meeting, carrying its freight of recording apparatus.
This practical use of the aerostat has shown how useful it would
be if employed as a permanent meteorological station in the free
atmosphere.
The spherical balloon can also remain up for some time at the
same level if the conditions are favourable. This fact was
proved by an experiment I made during the fifth international
ascent. I succeeded in keeping up a captive balloon for twentyfour hours, with observers in it, at an altitude sensibly unchanged,
and I thus obtained valuable results for the daily march of
temperature.*
The experiments with the kite balloon are not intended to show
that this apparatus can completely take the place of the kites
which have been so usefully employed.
On the contrary, the ·couvenience of management will always
give the preference to kites when it is possible to use them. The
kite balloon can, however, always be employed instead of the kite
when there is not wind enough to raise the latter.
I consider, further, that it is impossible to attain with the kite
balloon such altitudes as have been r eached by the kites in the
ascents already mentioned. Possibly a combination of these two
types of aerostats may be, in future, the most profitable for our
r esearches. On the other hand, it is probable that the kite balloon
alone is able to maintain itself in the atmosphere for a long
period.
The expei'imen ts· and i·esults which have been mentioned, and
which have been carried out either by t.he Committee or by some
of its members, have directed particular attention to the subject,
and have everywh ei.'e met with emphatic approval.
Tuanks to the zeal of .M. T eisserenc de Bort, there is now at
Trappes a model aeronautical establishment, th e organization of
which leaves nothing to be desired. In Prussia the energy of
MM. von Bezold and Assmann have already secured the vote
of funds for the establishment of a first-class aeronautical okervatory. At Hamburg the Deutsche ,':J' eewarte will und ertake
important experiments with kites. At .Munich our active colleague, .M. Erk, has made experiments in raising these kites.
It is to be hoped that in a short time all the great observatories
will employ this powerful method of exploration, which is the
outcome of modern m eteorology.
* Vide 1lleteorol. Zeitsclwift, 1899, p. 49.
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The Aeronautical CommitteP, the youngest of those created by
the International Committee, sees in this success of its operations, after so limited a number of years, the best justification
of its existence. It sees also an encouragement to continue its
researches on the same subject, and with the same aim.
The plans which will be followed in the future may be
summarized as follows:(1.) The simultaneous international ascents should be
continued, so as to study different meteorological
phenomena at high altitudes by means of balloon
observations.
The number of stations taking part in these operations should be, as far as possible, increased, and care
should be taken to extend these stations gradually over
countries where these do not yet exist. The participation of the South and East of Europe is most desirable.
W e must consider that the value of manned balloons
depends on the services which these can render in the
examination of the lower strata of the atmosphere.
(2.) If it is desired to undertake regular observations on
atmospheric conditions at different levels by means of
permanent atmospheric stations, either by m eans of
kites or of captive balloons, it is absolutely necessary to
establish aeronautical observatories. It is only these
observatories which can manage kites, or conduct
observations on meteorological phenomena with kite
balloons and other apparatus.
(3.) No matter what interest attaches to the operations of the
Aeronautical Committee, and, on the other hand, to
those of the aeronautical observatories, and although
these ought, in the first line, to facilitate our study of
the meteorological conditions of the atmosphere, we
must not lose sight of the fact that other branches of
physics should also be objects for our attention.
The questions of electricity and of the composition of the
atmosphere pres<:>nt themselves at once, and have already been
dealt with by our able fellow workers, MM. Bornstein, Le Cadet,
Cailletet, and others, but the question of Terrestrial Magnetism
will become the subject of aerostatic experiments as soon as we
shall h ave discovered the method of treating such. We must, in the
first instance, await the extension of our knowledge of the vertical
distribution of magnetism. The first difficulty in these observations consists in the fact that observations which require time to
m ak e t.hem ar e impracticable in the movable observatory of the
balloon car. It will be the cluty of our successors to discover
other m ethods of observing. If the information I have received
is correct, several m embers of the Committee are already working
on this question.
H. HERGESELL,
President of the Committee.
Strassburg, July 25, 189\J.

33
APPENDIX V.

REPORT ON THE EXPERIMENTS . CARRIED ON IN THE ATMOSPHERE BY UNMANNED BALLOONS AND KITES AT THE
OBSERVATORY OF DYNAMICAL METEOROLOGY AT TRAPPES.

The importance of a knowledge of the distribution of the
different meteorological elements in the vertical direction, and
notably of the temperature, is of the first order in r egard of the
ad van cement of meteorology . It is for this r eason we have
undertaken, independently of the attempts to sound the atmosphere by means of kites, to carry on a methodical exploration of
the atmosphere by unmanned balloons.
After some preliminary attempts, our really useful ascents w ere
commenced at Trappes in April, 1898, and have. been repeated
frequently in each month since that date. 'rhe ascents have been
repeated occasionally at short intervals in order to follow up the
modifications which occur in the atmosphere.
In this way we have collected a mass of scientific documents
which is probably by far the most important of all the facts we
have previously brought together on this subject. It is based on
more than 100 ascents of unmanned balloons, of which seven have
risen above 14,000 metres, 24 above 13,000 metres, and 53 have
reached 9,000 metres.
·
From the data thus collected we have been able to deduce the
following facts : 1. The temperature at different altitudes presents considerable.
variations in the course of the year, much more considerable than
had been concluded from the earlier balloon observations.
The temperature of 0° C. is found at very different levels, and
this gives a satisfactory explanation of the temperature of the
ground, which itself sometimes exhibits that temperature in
winter, while its temperature is raised very much in summer.
Accordingly, the isotherm of 0° C., which at certain times is at the
ground level, or which does not appear at all in the atmosphere
(wht'n the ground temperature is below 0° C.), moves away at
other times, and in summer may be met with above the level of
4,000 metres.
The isotherm of -25° C., which generally is far distant from the
earth, is also subject to great variations of altitude. It is found at
about 3,000 m etres in winter, and above 7,000 metres in summer.
In September w e have met it even above 8,000 metres. 'rhis gives
a change of altitude of 5,000 m etres in six months (and very
possibly w e have not caught the extremes).
The isotherm of -40° C. has lowered itself frequently to about
6,000 metres, and is usually found at about 9,000 m etr es, rising
even above that level towards the end of summer.
The temperature of - 50° C. has never been m et with much
below 8,000 metres, and its greatetit altitqde b,as been, recorded in
i\991-23
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September, 1898, and in July, 1899, at 12,000 metres. It, therefore,
varies to the extent of 4,000 metres at least.
We see, therefore, that at that altitude, where we have passecl
through two-thirds of the mass of the atmosphere, the variations
of temperature are very considerable.
2. It appears from these observations that even up to thfl level
of about 10,000 metres there is a sufficiently marked tendency to
an annual variation of temperature, the maximum occurring
towards the end of summer, the minimum towards the end of
winter; but this phenomenon is disturbed by the variations from
day to clay, due to changes in the atmospheric situation, which are
very decided. For example, in one season we met with the
isotherm of - 40° at 8,500 metres on March 14, and at 6,600 metres
on March 24, 1899.
3. The ch aracter of the decrease of temperature in the vertical
direction is different in the barometrical maxima and minima. In
the former the t<:;mperature decreases slowly in the lower strata,
and then takes up a normal rate of decrease, which it keeps up to
11,000 or 12,000 metres (our observations are not sufficient to
show us what takes place at higher levels). In the latter, the
minima, on the contrary, the decrf:)ase is rapid in the lower strata.
It generally has a higher value on the whole than what is found
in the maxima, at least up to the level of 8,000 metres, which has
been attained often enongh in bad weather.

Kites.
W e have continued our kite experiments whenever the weather
p ermitted, and in the course of June, 1899, we have reached, and
even somewhat. surpassed, the heights reached at Blue Hill in
·F ebruary.
Thus we have reach ed : 3,940 metres on June 14.
"
" 15.
3,590
3,300
,,
July 3.
3,500
"
" 24.
We have introduceu several important improvements in the
apparatus used to work the kites. 'l'hus, w e drive the windlass by
electricity, the action of which can be adjusted very exactly,
accordin g to the puffs of wind, in such a way as to avoid r eaching
the breaking stress of the wire.
'l'he windlass and its dynamo are placed in a sentry-box,
mounted on a turn-table, with the opening facing away from the
wind. This arrangement allows the bobbin of wire, and the
person who manages the windlass, to be protected from rain.
Several foreign men of science, in particular M. Lancaster,
M. Hepites, Dr. Assmann, and M. Berson, came to Trappes to
inspect the new arrangements as well as the mode of construction
of our kites.
·
'I'he ascents, which are more than 120 in number, exhibit
several inter esting facts, which I have communicated to the
Academy of Science. I shall recount them here.
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In a general way the decrease of temperature in the lower
strata exhibits a character different over the areas of low pressure
from that exhibited over those of high pressure.
J. In the former, as soon as you r each a h eight of a few
hnndred metres you see the decrease of temperature slacken, and
often you find inversions of temperature (this phenomenon is
frequent even in summer).
2. In the latter, on the contrary, the decrease is rapid, and can
even reach the value indicated by the adiabatic expansion of the
air, more or less humid, as the case may be.
With regards to the winds, our ascents shorv :(1.) That in fine weather, and with high pressure, the wind
velocity generally decreases as you ascend from the
ground (except for ·the first 50 metres, which are
directly influenced by obstacles, trees, &c.) up to an
altitude which varies between 1,500 and 3,000 metres.
(2.) On the contrary, with cloudy weather and low pressures
the wind increases sensibly with height, especially in
the vicinity of the layer of lower clouds.
Supplementcwy Note.-Since the completion of this note we have
succeeded in making, on August 21, with a N.W. wind, a flight of
kites to a great height, and we got above 4,300 metres. The temperature at the ground (171 metres) was 22° C.; at 4,300 metres
it was - 5·1°. The sky was clear, with a few cirro-stratus clouds.

LEON TEISSERENC

DE

BORT.

TrappPs, August 12, 1899.

APPENDIX VI.
REPORT ON THE EXPLORATION OF THE A•.rMOSPHERE BY
KITES AT THE OBSERVATORY OF BLUE HILL AND OTHER
STATIONS IN AMERICA.

Kites were first employed to raise self-recording meteorological
instruments at Blue Hill in August, 1894. Since that date the
altitudes r eached by meteorographs have constantly increased, as
the subjoined table shows : Height above sea-level.
No. of
experiments.

Years.

1894, Aug·ust
1895
...
1896
1897
...
1898
:1899, up to May

...

...

5991-23

...
...
...
...
...
...

...

...

...
...
...
...

...
...
...
...
...
...

2
28
86
!18
35
10

Mean height
of the maxima
at each
experiment.
567
510
845
1,450
2,240
2,342

Maximum
reached.

631
759
2,843
3,571
3,679
3,792

c2
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The station at Blue Hill is 192 metres above the sea.
This improvement in the heights attained is the result of
progress in the construction of the kites, and in the method of
controlling them. Tee form adopted at present is that of a
Hargrave's kite with curved surfaces, which allows of its being
held at a great angle with the horizon. An automatic bridle
governs the angle of incidence on the wind aml thus prevents it
from exerting on the line a tem;ion greater than. a certain value
which has been determined beforehand. The practice of
attaching the kite to different points of the wire, and of distributing
the tensions in this manner, has rendered it possible to reach
great altitudes. With the crank employed excessive tensions on
the drum have been avoided, while the measure of the unrolled
line has been taken and the traction measured continually.
Fergusson's meteorograph weighs about 1·3 kilog., and records
barometrical pressure, the air temperature, the relative humidity
and the velocity of the wind. We believe that the method of
exposure of the thermometer gives the true temperature of
the air.
I have given a general description of the apparatus, of the
methods of work, and of the meteorological results in the
Qunrterly Jou1·nnl of the Royrtl Meteorvlog'ical Soc,iety for October,
1898. The recent apparatus has been described by Mr. S. P.
Fergusson in the Blue Hill observations for 1896 (A.nn. Harvrtrd
Goll. Observnto1·y, vol. XLII., part I.), and in the same publication Mr. H. Clayton discusses the meteorological results of the
first three years. Some subsequent observations relative to
diurnal changes in the free air and the phenomena of cyclones
and anticyclones are discussed by the same author in the
Bitlletins of Elite H'i ll Observato1·y, No. 2, 1898, and No. 3,
1899. Details of the actual apparatus are given in the Bulletin,
No. 3, 1899.
'rhere is no doubt that we shall be able to reach greater
heights. The Blue Hill kites require a wind of at least six
metres per second, but in case of calms and light airs, it is
probable that a gas baJloon might be able to raise the kite into a
stratum of wind of sufficient force, although the method has not
yet been employed in America. A hot air balloon, tried at Blue
Hill, has not given good results.
In 1898 the U.S. Weather Bureau fitted out 16 stations, in the
central part of the country, with kites, &c., from which it was
hoped to obtain good results, by raising them to the height of a
mile so as to construct a synoptic chart for the purpose of forecasting. This is the largest collection of kites which has ever been
made, and it is to be regretted that the lightness of the winds at
some of the stations have prevented the realization of the project.
I have had the honour of presenting a report on the employment of kit~s in m eteorology at the m eeting of the International
Aeronautical Committee at Strassburg (Rappa-rt de la Oomm'ission
cteronautiqttp inte1·nationale, Annexe XVIII.), arid I am glad to
learn that t~is American m et.hod of exploring the air will be
largely used 1in 1:Durope.
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At Paris, Berlin, Hamburg, and St. Petersburg the meteorological institutions are preparing to fit out kites, and I have
taken great care to answ~r all the enquiries made of me for
designs and models of the apparatus at Blue Hill.
A. LA WREN OE ROTCH,
Director of the Blue Hill Observatory.

APPENDIX VII.
THE AERONAUTICAL SCIENTIFIC EXPERIMENTS AT BERLIN.

A. The Sc1:ent'ific Ascents made by the Society for the Advance-

ment of Aeronautics.
'l'he scientific ascents made during the last ten years were
inaugurated by the invention of Dr. Assmann's psychrometer in

1887.

-

Experiments to determine the true temperature of the air
were commenced in 18t\6, and have led to the invention of the
instrument just mentioned. The expdriments have led to the
conclusion that almost all the temper,tture data furnished by
all previous balloon ascents were more or less affected by error.
For this r eason it i;eemed highly important to recommence
the examinatiol'l of the atmosphere by the use of balloons
furnished with improved apparatus.
The German Association for the Advancement of Aeronautical
Science, founded by Dr. W. Angerstein in 1881, becam e interested
in the question. After some experiments, MM. von Siegsfeld
and V. Kremser made a first ascent, July 19, 1886, with a balloon
belonging to M. von Siegsfeld.
The funds supplied from private sources, and notably by
Dr. Werner von Siemens, and by the Prussian Academy of
Science, permitted the continuance of the r~se arch es with balloons,
both captive and fre e, all fitted with well-known self-recording
apparatus.
The good results which were obtained encouraged the Association for the Advancement of Aeronautical Science to petition
His Majesty the Emperor for funds to continue the researches on
a larger scale.
The request was graciously granted. His Majesty himself took
great interest in the experiments. _ From March 1, 1893, we
commenced a great series of 75 ascents with free balloons, of
which 65 were manned, and in these direct observations were
taken. The 10 other ascents were made on the plan of
MM. Hermite and Besan9on, that is with unmanned balloons,
equipped in the well-known manner.
· It is these last which have reached the greatest altitudes.
April 27, 1895, the balloon Oirr·us went up to the height of

21,800 metres, according to the exact indications of the barograph,
which was thoroughly compared and verified after the ascent, and
the balloon reached ground in a Danish Island, Laalancl.
The same balloon made two other ascents, and the points at
which ground was reached '''as in Bosnia and at Wilna (Russia).
Th e altitudes reached were 17,425 m etres and 17,210 m etres. At
the last mentioned point the temperature shown on the curve was
- 68°, but there is some uncertainty about the figure, as is the
case with all the data furnished by unmanned balloons.
'rhe results of the 65 manned balloons may be classed among
those which have risen to the greatest altitudes. We m ay first
mention the ascent of M. A. Berson, December 4, 1894. The most
careful calculations give an altitude of 9,155 metres, The corresponding temperature was - 47·9°.
. 'rhe next ascent in this series of very high as~ents was made
by M. Berson from the Crystal Palace, London, September 15,
1898, when he reached the height of 8,320 metres and observed
the temperature of - 34·1°.
Following the order of the altitudes, we should mention the
ascent of M. Siiring, March 24, 1899, who rose to the altitude of
7,955 metres, with a temperature of - 48·2°, the lowest that has
ever been r egistered by direct observation in a balloon.
Formerly, Captain Gross and M. Berson had mounted, May 11,
1893, to nearly the same height (7,928 metres). The temperature
observed was - 36·7°.
Among the other ascents there were four which rose above
6,000 m etres and seven which rose above 5,000 metres, so that we
have collected a very considerable number of facts from levels,
which are certainly the highest accessible to man.
The mean maximum height of the 75 ascents has been
4,48,9 metres; the mean distance covered has been 222 kilometres;
the velocity, 9·2 kilometres ; and the duration of the ascent, 6h.
30m. The total duration of all the ascents has been 488h. 24m.,
or 20 days, 8h. 24m., and the total distance covered 16,638 kilometres.
These ascents extend ovP.r the different seasons, and over
different hours of the clay. They have been made in every month
and at every hour of the day and night. Although we can r eckon
seven night ascents and five made very early in the morning, the
greater number were made in the day-time.
On the whole, there werG 52h. 30m. of observation in winter,
132h. in spring, 138h. 30m. -in summer, and 102h. 30m. in
autumn.
The scientific results of this undertaking will shortly appear
under the . title Wissenschaftliche Luftfahrten, published by
MM. R. Assmann and A. Berson, in three volumes, published by ·
F. View eg & Son in Brun~~ick.
We now give, in a f ew words, an extract from this book :· (1.) "The r esults deduced formerly from Glaislier's ascents
were certainly erroneous, for it has since been found
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that the d ecrease of temperature is not g1·eater below
than above; on the contrary, for the same difference
of altitude, it is greater above than below. From the
direct observations which have been made at high
levels, from 8,000 to 9,000 metres, we see that it
closely approaches the adiabatic decrease of temperature
in dry air, and that agrees exactly with the theoretical
r esults.
"The temperature at the ultimate limit of the
atmosphere (if one can venture at that altitude to
attribute a temperature to the air) is much lower than
has hitherto been believed, for we have frequently
observed directly temperatures of - 48°, and automatic
registers of unmanned halloons have marked - 68°.
(2.) "According to the first ascent made at Berlin, the iJea
was formed that at the altitudes of 7,000 to 8,000
metres the temperature was almost independent of
the seasons. The last ascents have proved that this
was not the case. We can see that the · oscillations of
temperature at that altitude are very considerable, if
we examine the results supplied by the balloon of
October 3, 1898, where the temperature of -28·8° was
found at the height of 7,'J77 metres, and again those
from the balloon of March 24, 1899, which gave -48·2°
at 7,955 metres.
" It appears that in those very high regions the lowest
temperatures occur in spring and the highest in
autumn, and we may conclude from this that aloft the
temperature in relation to the seasons is much more
delayed than close to the ground.
"We may also say that, in every case, all the temperatures observed in the highest regions are much lower
than those which Glaisher had r ecorded at the same
level.
(3.) "The decrease of temperature with h eight is not quite
regular, as appears from Glaisher's figures. It has been
found that during very fine w eather the oscillations in
humidity in th e different strata of the air are very
great, to such an exten t that in the middle altitudes
the air is sometimes nearly absolutely dry.
(4.) "The temperature of the different strata has an intimate
connection with the relative humidity of those strata
(we should make an exception as r egards the variations
of temperature by day ancl by night in the lower
strata).
In consequence of this stratification, the
superposition of currents in different directions is
noticed, which end by reaching the upper limit of the
clouds.
"In consequence it results from what has been said
that the superior limit of condensation is fixed by the
presence of hot and dry currents, and that the regular
increase of temperature above the clouds, due in the
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first instance to warm currents, is increased by the
reflection of the solar rays at the upper surface of the
clouds.
(5.) "From this stratification of the atmosphere different
systems of superposed circulations may be derived; if
we take account of this we shall be batter able to
explain the movements of the air between cyclones and
anticyclones. The explanations correcting the theory
generally received hitherto will be supplied in the
book which has been mentioned."
"We shall treat also of the direction and the velocity of the
wind, and of the solar intensity, and the decrease in the electrical
potential."
It is apparent from t he results recently obtained that meteorological observations should be continued in the upper regions of
the atmosphere, either by direct observations or by unmanned
balloons, so as to complete the task which we have set
ourselves.
With this object, a new section of the Meteorological Bureau
has been created, which commenced work July 1, 1899, as soon as
it r eceived the funds requisite for its organization.
I now give in few words the organization of this section.
B. Ae?'Onaittical Sect'ion of the Royal Jfeteu1'0log·ical B urea'u.

In order t o carry on methodical observations up to the level of
4,000 metres, kites and balloon-kites will be employed. The
undersign ed is director of this section, M. A. Berson is his
principal colleague, M. Elias is his assistant.
Besides these
officers three workmen are engaged for the manual service of the
balloons.
At the FAgeler 8ch-£essplatz, close to the place reserved for
experiments in military ballooning, a large shed has been
constructed for balloons --i ts length is 15 metres, breadth
10 metres, and h eight 10 m etr es ; and also a small office. A
wooden tower, 27 m etres high, and a hut are also being built.
In th e cellar of the office there will be placed a Lilienthal steam
engine of eight horse-power, with a spiral boiler, a dynamo, and a
battery of GO accumulators for light and for the electromotor
working the cable for the kites. In the cellars it is proposed to
arrange a small laboratory with a machine to produce cold, and
the principal pieces of physical apparatus. There will also be a
workshop with a lathe. On the ground floor there will be the
office, rooms fur the director and for his assistants, accommodation for the balloonist, and a room for each of the t\rn assistants.
On the first floor there are two rooms in reserve.
The building is situated at the foot of a small ridge, 5 metres
in h eigh t , cros.:sing th e ground reserved for the observatory. To
the east is the wooden tower, of which the lower haJf contains
several rooms serving as store-rooms, instrument-room, &c. In
the middle height is a kind of r~ised pavilion, the sides of whir.h
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are almost entirely of glass, and in this are placed the winch for
the cable, with the electro-motor, which will drive it when the iron
kite-wires are wound up. The wires have a diameter of from
0·7 mm. to 1·5 mm. ; the thickest should resist a force of 400 kilog.
The wire passes from the cylinder to a dynamometer, attached.
to a warning apparatus in case of need, and next through the
ceiling of the pavilion to the summit of the tower, where an
arrangement of tubes and pulleys allows it to turn freely with
a minimum of friction. According to the direction of the
wind, one can send up the kites from the top or the bottom of the
tower, or from one side or the other. The object of working the
pulley at the height of 27 metres has been to avoid interfering
with the balloonists close by or the passers by on the rifle range.
One also avoids thereby the interference of adjacent trees, whose
crowns are about 25 metres high.
The tower is also very convenient for watching the descents of
the kites if the line breaks.
The task of the observatory is to examine the air strata up to
the height of 4,000 metres. In order to carry out this-object kiteballoons will be employed, two-thirds full of hydrogen, and united
to a line, as light as practicable. Such a balloon can rise with its
self-recording apparatus even when the air is perfectly calm. The
weight of a kite-balloon of 37 cubic metres does not exceed
17 kilog., or with its apparatus, 19 kilog. One of these kite-balloons,
three-quarters full of hydrogen, and attached to a line of 0·9 mm.
(which will bear 160 kilog.), can rise above 2,000 metres. Whenever there is wind a stronger line must be rnied, but if you add
several kites you can probably attain an altitude of more than
4,000 metres. When the wind slackens one can take off the kites,
and the balloon alone suffices to keep up the instruments. It is
better to work in this way, at night especially, so that there shall
be less chance of the apparatus falling on the grom1d.
In order to work the winch, which is so arranged that the
bobbins carrying weaker or stronger lines can be interchanged, an
electric m0tor of six horse-power is used, which can be set in
action aL the will of the operator. Seven rheostats, interposed in
the primary circuit, in combination with a system of gearing,
allow the speed of winding to be regulated within the limits of
0·15 and 3·() metres per second. If the motor is not overworked
the electricity of the accumulators ought to be enough to keep it in
action for several hours. For harder work the boiler of the steam
engine must be heated.
Besides the lamps which are used for lighting the rooms and
the workshops of the observatory, two electric arc lamps will be
installed at the height of the tower to illuminate the site, and an
electric reflector mounted on the top of the tower will give light
for working the balloons.
The hydrogen n ecessary for the observatory will be furnished
by the corps of military balloonists, in bottles of five cubic metres
in which the gas is at a pressure of 150 atmospheres. The
hydrogen which is produced by the electric current is very pure,
so that every cubic metre can raise l·l kilog. A space h.as been
reservAd for making the gas in future.

42
I<'or the construction of the buildings and for first outlit
50,000 marks have been allotted. Of that sum 25,000 marks have
been spent for the office, for the balloon shed, the tower, and the
small glasshouse ; 6,000 marks are wanted for balloons, kites, and
lines, &c. ; 10,000 marks for the steam engine, the motor, the
accumulators, and the winch for the kites, &c. ; 4,000 marks for
the self-recording and other instruments ; 2,000 marks are
intended for a motor car, to bring back the balloons and kiteballoons which h ave fall en to the ground .
The budget for current expenses deals with the pay of the first
assistant and his two other assistants (the salary of the director
is charged in the estimate for the Central Institute), of the
balloonist and his two workmen (9,350) marks. For furnitnre,
ligh t, and fire there are 1,000 marks. For the repair of balloons
lines, and instruments, 3,000 marks. For p ublications, 1,000
marks. For necessary chemicals and hydrogen, &c., 5,000 marks .
The total annual estimate amounts to nearly 27,000 marks.

DR. R. ASSMANN.

APPENDIX VIII.
REPORT ON RADIATION ; BY M. JULES VIOLLE.

Among the phenomena which attract the attention of meteorologists, solar radiation takes t h e first place. It holds all under
its control, the en ergy of meteorological action, as well of all th e
beings which have appeared on the face of the earth. This will
suffice to indicate t he interest we have in study in ~ it. N everthel ess, although remarkable discoveries have largely augmented the
field of our investigations in the last few years, and although
important researches have been carried out on various subjects,
no general agreement has as yet b een arrived at between scientific
men in different countries to establith a systematic study of this
question, su ch as has been fortunately established for other
scientific enquiri es. The International Meteorological Conference
which met in Paris in 1896 considered that it was time to collect
together the isolated attempts which had been made tu study
radiation, and if possible to weld them into a common action on
a d efinite programme. It has thought well to refer the question
to the gentleman who furnished t h e r eport to the Congress of
Rome in~ and has r equested him to draw up a report on the
actual condition of the question at the present date.
.
In the last twent.y years our knowledge of solar radiation has
made great progress. The expedition of Mr. S. P. Langley on
Mount Whitney in 1884, and h is masterly investigation of the
distribution of energy in the eolar spectrum up to wave-lengths
entirely unsu3pected, became the starting point of the admirable
work on Radiation which· has characterized the close of · the
century.

At the same time, the apparatus for observing has been
improved. .B:fforts have been made to increase its sensitiveness
and accuracy, and, at the same time, to r ender its manipulation
simpler. It has been sought to design instruments more easily
portable, and it has also been required that they should be
continuously self-recording.

In fact, in addition to the r egular work carried on at the .
observatories, mountain stations have been multiplied; and quite
recently the unmanned balloons have furnished the means of
reaching elevated regions eminently favourable for actinometrical experiments.
Finally, special attention has been devoted to the formulre
which serve to connect the observations inter se, and to deduce
therefrom the part played by the atmosphere, and also the
quantity of energy which we receive from the sun at every instant.
Setting aside the researches into the spectrum which belong to
physics, we shall treat here alone that part of actinometry which
incontestably belong to Meteorology.
History.~

Solar radiatie:.n may be considered with regard to its luminous,
calorific, or chemical effect.
The luminous effects were the first to be studied. The variation
in light during the different hours of a fine day first attracted
notice. Bouguert established the law of absorption exercised by
a homogeneous atmosphere on a simple ray. Studying the same
qum=ition, Lambert,i although concerned with light alone, undertook measurements with a thermometer, the readings of which in
the sun were compared with those of a thermometer in the shade.
The actinometer r econstructed at Montsouris about 1870 by
Marie-Davy with the remains of an old apparatus of Arago's,
and composed as is well known of two thermometers; a black
bulb and a bright bulb, enclosed in glass vacuum jackets,
measures the light more than the heat of the sun, as the glass
envelope stops in great measure the dark heat of solar radiation.
It has also been endeavoured to measure the light of the sun in
comparison with that of terrestrial sources. Bouguer§ found that
the brilliancy of the sun (<tt an altitude of 31° above the horb:on)
equalled that of 230,000 candles. Leonhard W eberll estimated
the intrinsic brightness of the sun (outside the atmosphere)
at 720,000 candles in the r ed, and 1,910,000 in the
green. W. H. Pickering,, lYI. Vogel,*~< M. Crova,tt and quite

* For

fuller details see my previous report.

t Bouguer, 1 ra'ite ll'optiq1w swr la gmdatiun de la l1wi'ii!re: a posthumous work,
1

published by the Abbe de la Caille. Paris, 1760.
t Lambert, P!wto111et1·ie, Paris, 1760.
§See Mascart, 'f'raite d' Optique, Vol. III., Paris, 1893.
II Centmlblatt fiilr Elekt·rvtec!mik, Vol. X., p. 760, 1888 .
.,- ProccedingJ of the Amm·ican Acadamy, Vol. XV., p. 236, 1880.
** J1fonatsberialite d. k. Preuss. Aliad. der Wissensc!wjien, p. 801, 1880.
tt Co111ptes R endus, Vol. XCIII., pp. 512 and 959, 1881.
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recently M. Gaud,*' have compared the light of the sun with that
of a lamp (either of oil, or petroleum, or an incandescent lamp)
for different simple radiations.
Photography seems eminently adapted for these researches.
As long ago as 1844, Fizeau and Foucaultt employed a daguerrotype plate to compare the light of the sun with that of the positive
carbon of the electric arc. The effect of the voltaic light was
shown to be 0·38 of that of solar light.
Since that date the chemical actions of light have been much
employed in measuring the solar energy.t Bunsen and Roscoe§
have used the sensitive mixture of chlorine and hydrogen, which
had been already employed by Draper. f E. Marchand'lf made use
of the mixture of ferric chloride and oxalic acid, which was
also suggested by Draper.'° But these mixtures give rise
to exothermic phenomena in which, as Berthelottt remarks, the
light does not effect the principal part of the work. "It plays
the part of the match which is used to set fire to a funeral pile."
On this account it becomes necessary to modify the action suitably
so as to establish a proportionality between the effect and the
cause. Bunsen and Roscoe had taken great pains to make the
values obtained from their photometer comparable. Lemoine++
has determined the conditions under which the mixture of
oxalic acid and ferric chloride can furnish exact results.
Duclaux§§ has studied in a general way the action of solar light
on hydrocarbonated substances.
For ordinary observations Bunsen and Roscoe employed the
chloride of silver paper, proposed by Sir John Herschel, lfll with
their photographic actinometer, which was soon converted into a
self-recording actinometer. Roscoe'l['lf collected a large mass of
observations on the chemical action of the sun and of diffused light.
Siuce that time photographic actinometry has been almost entirel~
given up, as photometric iuvestigations have shown the difficulties
of the question, which deserves, however, to be taken up afresh.
E. Becquerel*** measured the chemical action produced by the
light by observing the electric current which was set up. His
electrochemical actinometer consisted essentially of two plates of
silver covered by a thin layer of chloride, bromide, or iodide of
silver, and inserted in a small cup filled with acidulated water.
These two plates, as nearly identical as possible, communicated
with a galvanometer, the sensitive side of one of them being
• Co11iptes Rendu.s, Vol. CXXIX., p. 759, 1899.
pp. 746 and 860, 1844.
1 Radau, L es 1'adiations chimiq1ies du 8oleil, Paris, 1877.
§ Pogg. Ann., Vol. XCVI., 1855, and Vol. C., 1857. See also Jlfonitmw
scicnt~fique, analyses de Radm1., 1863 et seq.
II S~lli111.an's JoMrnal, 1843.
·'If Etmle Slb1' la force nkim·iqne contenue da.ns la lm11iere rl1i Suleil, Paris, 1875 ;
and in extract Ann. rle Chim., et de P!ty.Y., 5th series, Vol. II., p. 160, 1874.
** Phil. 11lag., 1857.
tt Ann. de CMni. et de Phys., 4th series, Vol. XVIII., p. 83, 1869.
tt Ibid., 7th series, Vol. VI., p. 524., 189ii.
§§Ann. de l'lnstitut ag1·01wmiqne, Vol. X., 1886, and Ann. de l'lnstit1it Paste1w,
1890.
1111 Ph'il. 1\·ans, 1842.
'lf'lf Phil. 1ltng., 4th series, Vol. XLVIII, p. 220, 1874.
***Ann. de Ckim. et i!.e Phys., 3rd series, Vol. IX., p. 268, 1843; and Vol. XXXII.,
p. 176, 1851.

t Ibid., Vol. XVIII.,
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turned to the radiation which was to be measured. By combining together two of these instruments M. Egoroff# has
succeeded in making a differential electric actinometer of great
sensitiveness, and M. Rigollott has recently carried out a series of
interesting researches with an electrochemical actinometer.
But it is principally in the form of heat that the solar energy
has been measured.
Lesliei attempted some determinations with his differential
thermometer, having one bulb blackened and one bright ;
but the apparatus was shown to be too much affected by currents
of air. However, we ought also to note that about 1870 the
Abbe Allegret mounted this thermometer on an axis so as to form
a sor t of balance which he called the "solar counter," and which
as it became tilted, more or less, according as the sun 's heat
drove the liquid from the black bulb into the bright one,
recorded on a revolving cylinder the difference of temperature of
the two bulbs. Canon Bellani had, in 1834, constructed a
collector of heat, often described as a vaporization actinometer,§
in which the distillation of a volatile liquid from the black bulb
into th e bright one took place, and which lends itself to a mode
of r egistration quite similar to the foregoing. This plan has been
lately (18<J8) adopted by M. Dosne in his investigations into the
strengths of certain tinctorial colours.
De Gasparin l made at Versailles, at Orange, and on the Great
Saint Bernard, experiments on the power of accumulation of heat
in the interior of a globe of cop:µer, blacken ed and exposecl to the
sun. t have added a gilt globe to the blackened globe, and have
thus obtained a system of conjugate globes,- which allows · the
march of solar radiation to be followed with great ease.
In England, an actinometer, attributed to Sir John Herschel,
which had been designed by him about 1830, is generally employed. It consists of a black bulb thermometer placed in a
jacket which preserves it from currents of air.
We have already seen how Marie Davy constructeu an
actinometer by m eans of two identical thermometers, one with a
blackened bulb the other with a bulb bright, placed ·in vacua.
These instruments have the advantage of r equiring no orientation, nor any manipulation, but what do their indications
represent? The steady excess shown by a thermometer in the
sun, is only proportional to the intensity of radiation, if the loss
of heat by cooling, the loss being equal to the gain, is itself
proportional to the excess. Now this demands (1) that this excess
shall be slight, (2) that the co-efficient of cooling shall be
constant. '£he first condition, very frequently disregarded, is
easily fulfilled. In order to r ealize the second, no plan seems
* Joiwn. de Phys., l st series, Vol. V., p. 283, 1876.

t Ib'id., 3rd Eeries, Vol. VI., p. 520, 1897.
t Tmns. Roy. Son. Edinb., Vol. VII., 181 L

.
Compare Frankland, Proc. Roy.

Soc., Vol. XXXIII., p . 331 , 1882.
§Hirn (C'o111ptes R mulus, Vol. XCVIII., p :324, 1884) measured the sum of the
heat received by the earth in a day by means of the weight of bisulphide of
carbon distilled from n. cylindrical vessel with blackened walls, oriented along
t he axis of the earth.
II de Gasparin, CO'lnptes Rend.us., Vol. XXXVI., p. 974, 1853.
"J Violle, Ann. de Ohini. et de Phys., 5th series, Vol. XVII, 1879.
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easier than to place the bulb of the thermometer in a glasfl_
envelope exhausted of air . But, on the one hand, the glass
modifies the radiation by suppressing the components possessing
the greate:=;t energy, and, on the other hand, the temperature of
the outside air is not given by an independent thermometer placed
near by (English m ethod), nor by a bright bulb in a similar
envelop e (Montsouris' actinometer). My conjugate globes indicating the val'iations of cooling allow me to work in the open air.
'rhe dynamical method introduces the observation of cooling
into the measurement of the radiation. Employed for the first
time by Sir John Herschel,* it consists essen tially in observing
the heating of a thermometer by the sun during a d efinite
interval, and its cooling in the shade during an equal interval
(before and after the exposure) . Unfortunately the instrument
which Herschel employed, Saussure'st heliothermometer, also
used by Forbes and Kamtz:j: in 1830 and 1841, and for 12 years
(18±2-1853) by Quetelet,§ was very defective.
Much superior to all these is the apparatus employed since 1837
by PQUillet,11 and to it are dne the first approximately accurate
measurements of the heat of the sun. As is well known,
Pouillet's pyrheliometer consists of a thermometer, of which the
bulb is enclosed in a thin, flat, metallic box fill ed with water.
The upper surface of the box, carefully blackened, is directed
perpendicularly to the rays of the sun. The heating g corresponding to five minutes' exposure to the solar action is noted, and
then the coolings rand r' during the five minutes which have preceded and succeeded that exposure (a screen having been placed
before the apparatus). Pouillet assumes that "the elevation of tern-

.

perature produced by the heat of the sun is g

r+ r'

+ --2-

. If M: is

the mass of water in the apparatus, this elevation of temperature t
corresponds to a quantity of heat Mt falling in five minutes on
the surface S of the box, that is to say, to a quantity

~ t received

in one minute by a square centimetre of surface." The experiments of Pouillet have been the starting point for all subsequent
researches.
Before he employed the pyrheliometer, Pouillet, had made
some use of an actinometer, consisting of a thermometer, the Lulb
of which was placed in the centre of a double en velope maintain ed
at 0° C., and pierced by a hole for the aclmis8ion of the solar rays.
This arrangement, which h e unfortunately ahanclonecl, was taken
up again by Ericsson*"' in America, by Padre Secchitt at Rome,
by M:. Sorett+ at Geneva, and finally by myself§§ at Grenoble.

* Edinbnrgh Jo u?'li. ~f Science, Vol. III., p. 107, 1825.
t Voya_q1' d1tns les Alpes, Vol. IV., pp. 88 and 227, Neuchatel,
t Phil. Trans, 1842, Part II. , p. 225.

1803.

§ Meteorologie de la Bel{liq uc, Brussels, 1867.
II C1nnpt1s R endus, Vol. VI. , pp. 848, 889, and Vol. VII., pp. 15 aud 24, 1838.
,- Elements de Physiq1w expln·i111 entale et rle 1lfel:e01·olugfr, lst edition, Vol. II.,
p. 703, 1830.
** Natiwe, Vols . IV., V., XII., and XIII. , 1862, et seq.
tt Le S11leil, 2nd edition, Vol. II., p. 233, Paris, 1877.
H A•sociation f<lr1in9aise: Congres de Boi·deaux, p. 282, 1872.
§§ Co1nptea Rendus, Vol. LXXVIII., pp. 1425, 1816 1 1874.
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In. the same class with actinometers with envelopQs of. ponstant
temperature must be placed the thermo-electric pile. Already
used by Secchi * to determine the temperature of different parts of
the sun, it was applied to the study of solar radiation by Desaim;t
Rossetti,t and Frohlich. § As discussecl by Ferrel,11 we shall find
it among the most recent forms of apparatus.
I. Apparatus.

We shall now proceed to study the different instruments•
pyrheliometers or actinometers, taking them in order of elate, but
without separnting those of the same author.
Violle's actinometer, 1874.'J-This apparatus consists essentially,
as is kn:own, of a thermometer bulb, placed in the centre of
spherical envelope, of constant t.emperature, which is pierced by
an orifice for the admission of the solar rays.
'rhe only modifications of any importance which have been
introduced into it h ave been with r egard to the mounting, which
M. Sav8lief 0 'has arranged so as to materially facilitate the
installation and orientation of the apparatus.
Without wishing to reply at present to criticisms, of which the
major part have fallen to the ground, I wish to establish the fact
that my previous report was not sufficiently explicit in this respect;
• that the staticai m l'ith'Oc1' has never been used in my actinometer,
in fact, that I have always employed the dynamic method.
The method employed with my actinometer is the following : To observe for some minutes the heating of the thermometer
exposed to the incident radiation, to intercept this and observe the
cooling ; and then calculate from these observations the velocity
of h eating V and the velocity of cooling U for each excess of
temperature e. To each value of e conesponds one and the same
value of the sum V + U, although separately, V and U change
with e. Thjs constant value V + U represents the action . of the
source of heat ; it is the heating which the isolated body would
experience during the unit of time if it was withdrawn from the
action of cooling. If this is multiplied by the water value, M, of
the portion of the thermometer which is heated, it constitutes the
numerical expression of the quantity of heat which falls on the
thermometer.
This is assuredly the dynamic method, and this is the way in
which I employed it on Mont Blanc in 1875. I followed the
h eating and the cooling until the stationary stage was reached, in
order to ascertain that stage, itself. an interesting- observation, and

.?

*Le 8oleil, 2nd edition, Vol. I., p. '.'03.
t Desains (at first conjointly with Branly) Coniptes Rend1ts, Vol. LXIX., p. 1133,
1869; Val'. LXXVIII. , p. 1455, 1874; Vol. LXXX., p. 1420, 1875 ; and Anmuiii'e
de J1Iontsowl"is, p. 195, 1888.
! 1lfe1norie della SoaiBta degli Spettrosaopisti italiani, Vol. VIII. , 1878.
§ R epert1wi111n fit?· Jlietem·olvgie, Vol. VI., No. 1, 1876; and An·nales de
Ckiniie et de Phys·ique, 6t h series, Vol. III., p. 500, 1884.
II A11ieriaan Jo1irnal of Science, Vol. XLI., p. 378, 1891.
'J Co-mptes Rendus, Vol. LXXVIII., pp. 1425 and 1816, .1874; Vol. LXXIX.,
p. 476, 187'1; Vol. LXXXII., pp. 662, 729, 876, 1876; Vol. LXXXVI., p. 818,
1878 : and Annales de Chi.·mie et (le Physiq~w, 5th seri es, Yo!. X. , p. 289, 1877 ;
and Vol. XVII .. p. 391, 1879 .
.** Annales .de. Cki111ie et de Physiq'ue, 6th series, Vol. XXVIII., p. 394, 1893 ;
Vol. XXIX., p. 260, 1893; and 7th series, Vol. IV., p. 424, 1895.
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to accumulate experimental data, so as to improve the exactitude
of the result. Then I have calculated the sum V + U by making
all the observations contribute to that result. With that object I
have sought for a formula combining the observations, and from
that formula I have calculated V + U. Because a formula in
accord with Newton's Law happens to represent the observed
numbers pretty well, it does not indicate in any way that my
formula supposes that law. The experimental data might have
been used in an entirely different way, either analytically or
graphically. The only important point is to deduce from them
the most probable value of the constant V + U in every case.
I have never said that you should follow the heating or the
cooling to the very end, and far less have I said that Newton's
Law should be considered applicable, whatever be the thermometrical difference. The application of that law, under all
conditions, cannot be too much criticized.
Only one word on the apparatus itself. I have been severely
criticized for employing the thermometer itself as the calorimetric
body. It is, however, a very legitimate method of simplifying
the apparatus if the thermometer is good. I have employed thermometers by Bandin, with very thin envelopes, and thoroughly
known in all their elements. It is therefore easy to calculate the
water equivalent (M) of the thermometer bulb. It is preferable
to measure it directly by a calorimetric experiment, which will do
away with the corrections due to the disturbing action of the
stem, corrections which, for that matter, can be easily enough
calculated separately. The employment of several thermometers
with different sized bulbs, which is useful on other grounds, will
supply useful verifications. One can therefore measure very
accurately (to some thousandth parts) the water equivalent of the
calorimetric body. How otherwise with other arrangements
could the temperature of that body be measured more accurately?
As to the isolated surface S, which it is desirable to take as
smaller than a great circle of the calorimetric bulb, its measurement presents no difficulty. You can deduce from it immediately
the value of the co-efficient M/S.
:My actinometer was employed on the expedition to Mount
Whitney in 1884, and Mr. Langley# has published a most
exhaustive criticism on the subject, worked out by M. Chvolson.t
It has been used by M. Savelief, with certain improvements, as
I have said above.
It was employed by M. Joseph Vallot:j: in a series of very
interesting simultaneous observations which he has made with
M. Henri Vallot on the summit of Mont Blanc (4,810m.), and at
Chamonix: (l,040m.) on the 28th, 29th, 30th, and 31st of July, 1887.
These observations, although made in very fine weather, have
given for the radiation values much lower than those which I had
obtained with simila.r instruments at the same localities twelve
years before. In fact, whereas I ha<l got 2·39 calor1:es on Mont

* Resect rcltes on SolM· .Hea.t and ~t~ rtbs01·ption by the * Ba·r th's atm.ospke-re
(Report of the lliount Whitney Exped1t10n), Washing-ton, 1884.
t Chvolson. Repertoriwmf1'i·r llieteorulog'ie, Vol. XV., No. 1, St. Petersburg, 1892.
t Annales de l'Observatoi?-o Jlfeteorologiq•ue du Mont Blanc, Vol. II.,p. 77, 1896,
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Blanc and 2·02 cctl01·ies at Les Bossons, the maxima observed by
M. Vallot h ave been 1·5G calorie on Mont Blanc and 1·33 calorie
at Chamonix, and the relative deficiency of these new results
cannot, as it seems to m e, be due to any instrumental error. In
fact, M. Vallot took the trouble to compare one of the instruments
which, he had used, and of which I had supplied the thermometric
constant, with a Crova's actinometer, standardized by the inventor,
and he found an agreement between the two instruments, which
gave him great confidence in the figures he had got on Mont
Blanc. From these figures there will come out a solar constant
approximately 2·0 cctlories per minute.
M. Rizzo* has also used my actinometer in his simultaneous
observations at four stations on the Rocciamelone in the Val
Suza : llL

Mompantero (Suza)
501
Trucco
1,722
Casa d'Asti
2,834
Summit of Rocciamelone
3,537
For these observations he had introduced into my actinomet.er
some modifications, the principal of which was taking as the
calorimetric body a hollow sphere of solid silver, pierced with a
small hole, into which was introd.uced the cylind1·ical bulb of a
very delicate thermometer ; around that bulb, which was thickly
silvered, he had pressed a quantity of finely pulverized l'ilver, so as
to secure a perfect continuity in all the calorimetric mass. He also
took care to place a diaphragm in the orifice of admission so as
to prevent any rays impinging on the sphere but those
which were sensibly normal to the absorbing surface. I do not
mention the particulars of installation and orientatio.n , which
varied according to circumstances.
If one treats the results for each station by a formula of Crova's,
one can calculate for each of these stations the value of solar
radiations Q1 referred to the zenith. · The subjoined table gives,
besides .the observed pressures H, and the values of Q1 thus
deduced from observations, the values derived from the formula
Q1 =1·3084 + 0·0528 (760
H) ~·
Q,

H.

llfompantero
Trucco
Casa d'Asti
Summit of Roccbmelone

Observed. \ Calculated.

mm.
722
622

cal.

cal.

J·61

1"63

t·!JB

1'93

544

2·09

2•08
2•16

499

2·13

M. Rizzo conclmles from this that the solar constant is about
2·5, but remarks that certain radiations have doubtless escaped
measurement.
• ..llfe11iorie della Soci1ta der1li Spettroscopist'i it4l·i{ini , Vol, X4VI., 1897, and
A ccadentia real;e delle Sc ienze di Torino, 1897-8,
·
5991-23
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Violle's conjugate bulbs (187 9?'.-'rwo hollow bulbs of copper,
one blacken ed, the other gilt, each enveloping the bulb of a very
sensitive th ermometer, furni sh an instrument which can b e easily
uiade s e lf-r eco rdi~1 g on Richard's m ethocl. That -..vit.h some
precau tions u seful indications may be obtained from it is sh own
by th e experime nt s made at the Meteorological Observatory of the
P etrovsky Academy, near Moscow.t
Viulle's act inometc1· .fuJ' ·1w mrm1U!d balloons+ (1899).-F rom
1892, I had arranged an actinometer wh ich Captain (now Colonel)
Ren ard § i)roposecl to nse with on e of th e unmanned balloons,
which was t h e fil'st. i1n en tL,d. Various unavoidable circum stances
stood iu the way of th e reali zation of the experimen t. In the
actual model I employ a th ermometer which has been v ery h appily
d evi sed by Richard, and whi ch is fo rmed of a spir al of very thin
copper , filled with to! 111' / u ' , 1ixed a t one en d , and at the other
acting an a long vertical rod of alnminium whi ch is attached to a
Richard 's r egiste1·in g apparat.rn;, also of alumi ninm . This t hermometer is placed in a spher e of copper, carefull y blacken ed, and
exposed to the rass of t.he sun . The whole form s an [lpparatus
which is at the same time light ancl str ong, and which w ill bear
very well the cold of the upper r egions. · W e may, moreover, remark
that the thermometric Ephere, whi ch is isolated , and on th e oRe
hand r a,diates i11 a rMefi ecl aml (relativ ely) motionl ess atmosphere
at a well defin ed temperature, and on the oth er hand receives on
the sever al parts of its surface su ccessively th e solar rays is,
excellentl y circumstanced for acti nom e trical observations. A
cYlindrical screen with double ·w alls is raised at definite intervals
s~1 as to pu t th e sphere in the sha<le, antl to allow th e cooling to
ad freely : it. i;; then lowered, the rays of the sun strike the
sphere a~ain, and you timl on yo ur record all t he data of the
problem.
For th e r est, experi('n ce will show th e improvem ents which it
is desirable to introduce int o t h e a pparatm;. I have already
studied a thermoelectric system of which the wires d escend far
below th e b alloon , and carry th e actinomd ric arrangement..
I have also t ested a photogrn,phic actinom eter, m easuring· the
chemical effect of radiat ion.
- In its actu al condition this actinometer, at the h eight of 12,000
metres, sh ows + 10° at an air temperature of - 60° C., and, what
is a r emarkable fact, it shows only a Yer y slight variation of
radiation with the thicknesseR of <tt.mosphere passed through
by the rays.
Crova's cu.:ti1w111clcr (1875).11- I shall not r evrodn ce h er e th e
d escription of this ·w ell-known im;tl'nmeu t, which is especiall y
* A nnales r1" ('!ti111i1• d rl1· l'h ysi1J11t', ,-,th 8erie:;, Vol. XV IL, p. 391, l87fJ.
t Colley, Michkine, nud Kazine, A mulie• de f 'hi111ie et de Pkysiq1111, fith 8crie8,
Vol. XXVI, p. 265 , l 8fl2 ~
t Violle. Co111ptes ll.rnri11s, Vol. OXXV., p. li2 7, 18\1 7: ancl Vol. CXXVI.,
p. 1848,, 1898.
§ R e')!ue de l'Ab-01m1!/ iqwr, Vol. VL p . l. l SBil.
11 C0111ptes R endns, Vol. LXXXI.. p . 120.>. 1 8 7~: Vol. LXXXII.. p p. 8 1 ancl 375,
1876 ; Vol. LXXXIII., p. 269, 187f; ; Vol. LXXXIV., p. 495 , 187"7 ; Vol. LXXXVII..,
p. 106 1 1878; Vol. X CIV., p. H-13, 188 2; ancl Annales rle Ckinrie et rfr Phys·iq1!e,
5th .series,. Vol Xf.. p. ~il3 , 1877; Vol. X I X., p. 1(;7 , 1880 ; ancl 7th rnries. Vol.
XVII .. p. :E 1 8 ~'~ .
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valuable owing to the ease with which you observe with it. 1
shall only say that it is formed of a large alcohol thermometer with
an index of mercury. 'l'he bulb is carefully blackened, and
r eceives the solar rays by a narrow aperture pierced through the
walls of a thick protecting envelope of brass.
In his first researches M. Crova employed thermometric bulbs,
40mm. in diameter, and orifices of admission of 30mm. · Now he
takes bulbs of 20mm. diameter, and along the path of the i;:olar
rays, in order to destroy the effect of the wind, he arranges,
following Langl ey, a series of diaphragms of aluminium, polished
in front and blackened on the back ; the last diaphragm has less
than lcm ..aperture, so that the cylindrical beam which it allows
to fall on t he bulb has a direction scarcely varying from the
normal. This bulb has been covered by electro -deposUion of
rough copper, coated with platinum black. With the flame of a
taper a thin sheet of bla-ck is deposited upon this, and is washed in
alcohol. If the smoking and the washing is repeated several
times a surface is obtained, which is quite homogeneo us, and of
which the co-efficient of absorption is 0·98, according to a special
investigation b y M. Crova. The tube of the thermometer should
hctve two bulbs, one above and one below, so as to receive the
mercury forming the index.
Before an observation the instrument is · oriented by means of
screens which keep t h e envelope in the shade. 'l'he thermometric
bulb b eing itself in the Rhade, you observe the movement of the
index from minute to minute, or, better, from half-minute to halfminute. lf this movement is regular for at least two minutes,
you proceed with the series of observations as follows: (1.) Observe in t h e shade for one minute, and remove the
screen.
(2.) Observe in the sun for two minutes, and r eplace the
screen.
(3.) Observe in the shade for two minutes.
The uniform march during the second minute in the sun,
augmented by half the sum of the coolings in one minute, before
and after the exposure to the sun , gives the corrected range.
This corrected range, multi plied by the co-efficient of r eduction,"'
represents the calorific intensity.
It ·w as thus found in one experimentt that :-(1.) The initial heating in the shade was uniform, and
amounted to fo ur divisions per minute
(2.) After the first minute of insolation, which corresponds to
the variable stage, the heating in the sun during the
following minute was uniform, and equal to 21·2.dir-,
ancl th en it became slower.
(3.) 'l'he final cooling was n'il.

* To ~tandardize the instrument, Crova's mercury pyrheliometer may h(l
used, or, preferably, hi s absolute actinometer, which r equires only very short
times of exposure. They can even be exactly synchronous with those of the
alcohol actinometer , so t hat the co-efficient of reduction will be independent of
the fluctuations of the solar radiation, however rapid they may be.
t The readings of the experiment are given in an adrlend1an on p. I 01.
59\Jl-23
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The corrected range is therefore 21·2 div.

~0 = 19·2 di"~

4
-

M. Crova is of opinion that th e alcohol actinometer, with which
it is possible to make a great unmber of exact observations in a
very short space of time, allows you, better than any other
apparatus, to follow the fluctuation of solar radiation, and to draw
easily hourly curves in calories, with an approximate accuracy of
1 or even of 0·5 per cent., if you make use of all lhe corrections.
This approximation is closer than you can obtain by other
methods.
M. Crova's apparatus has been studied in detail by M. Chvolson
and by M. Savelief.
It has been employed by M. Savelief* in his observations at
Kieff for several years.
•
It has been employed by M. Joseph Vallott in the series of
simultaneous actinometrical measurementR 'Nhich he carried out
on Mont Blanc and at Chamonix with Madame Gabrielle Vallot
on September 18 and 19, 1891, and which h ave led him to r P-sults
entirely in accord with those which h e had obtained in 1887 by
means of my actinometer.
Finally, besides the continual use which M. Crova has made of
his apparatus at Montpellier and at Palavaz, and also besides the
qeterminations which h e has made, or caused to be made, at
several stations, and particularly at l'Aigoual, we ought specially
to m ention the m easuremen ts he made, in conjunction with
M. Hanski, on the summit of Mont Blanc (4,810m.), on the
Brevent (2,525 m.), and at Chamonix (1,040 m.) during the summer
of 1897.t The series obtained on the summit of Mont Blanc,
September 30, 1897, and at. Brevent, August 26, 1897, are
particularly regular . They are exactly represented by the
formulre : 3·241
Summit of Mont Blanc
Q = (l + £) o-6641.
.
'
Summit of Brevent
Q = (l
They lead to a solar constant great.er t.han 3.

3·032

+ £) 0·142.

C1'0vct'8 R egister-ing r!ctinomete·1' or A.ctinogntph (1888).§
In order to register solar radiation in a continuous manner,
M. Crova receives it on one of th e junction s of a thermo-electric
element, of which the other iH kept in the shade, and r egisters the
* Annales de Ckiinie et dtJ Physiqne, 6th series, Vol. XVIII., pp . 458, 462, 1889;
Vol. XXV., p. 567, 1892; Vol. XXVI., p. 289, 1892.
t Annales de l' Observatoi.n JJietem·ologiqne cl?b JJiont BlMw, Vol. II., p. 115,
1896.
t On his scientific expeditions M. Crova made u se of a direct-sighting actinometer, by which the adjustment of the direction of t h e instrument was greatly
facilitated.
~ Comptes R mulits, Vol. Cl., p. 418, 1885; Vol. OIL, pp. 511, 962, 1886 ;
Vol. CIV., pp. 32, 123 1, 1887; Vol. CVIII .. p. 35 (with Houdaille), pp. 119, 482,
1889; Vol. CXXV., pp. 804, 917 (wit h Hanski), 1897; and .Annala de Cltini-ie et
de Pkysiq11,e, 6th series, Vol. XIV. , pp. 121, 541. 1888; Vol. XXI., p. 188 (with
Houda.ille), 1890.

53
produced cnrrent photographi·~ally. l~ach junction has the form
of a disc, composed of two superposed plates, iron-german silver,
10 mm. in diameter and O·l 11u11. in thickness, each of them prolonged by a narrow strip, which serves to establish communications
between th e janctions on the one hand and the galvanometer on
the other. 'l'he two discs are mountocl in a tube which is carried
along by an equatorial movement, so as to be constantly directed
to the sun. One of the discs receives on its blackened face
(german silver) the solar rays, which reach it through a series of
parallel diaphragms of aluminium. The other disc, placed behind
the first., is separated from it by a. double screen of aluminium,
which keeps it in the shade without interfering with the
circulation of the air in the lower part of the tube, which is dosed
on that side by a don ble nickel-plated screen. In front there is a
similar screen, pierced by the orifice of admission. The galvanom eter is an instrument fitted astatically, of small resistance,
conveniently protected by a double screen of sheet iron. The
deviation of the astatic system is measured by Poggenclorff's
m ethod, and the movable luminous spot is photographed on the
paper by a Mascart's r egistering arrangement. It traces thereon
a curve, of which the co-ordinate is at each instant proportional
to the th e rmometri~ ex cess of the exposed junction, which is
always very small. This excess will be itself proportional to the
radiation if no disturbing cause acts on either junction.
'l'he apparatus is very sensitive, and gives traces with numerous
sinuosities. M. Crova interprets these traces on the supposition
"that. it is the maxima of radiation which are most important, and
that instead of trying to trace out a m ean curve, one will come
nearer the truth if on e traces the curve which passes through the
maxima of radiation ." From that curve the absolute · value of
radiation is deduced by a preliminary estimation by t.he use of an
absolute actinometer.
M. Crova 11as constantly used his actinograph for fifieen years, and
has deduc8d from the observations the laws of diurnal and annual
variation of solar radiation at Montpellier. According to the
researches of M. Colley the radiation at Moscow follows the same
laws. A gfmeralisation of these researches would be desirable.
Certain days like September 9, 1886, give regular curves, which
appear specially suited for calculation. M. Crova has employed
them in the determination of t.he solar constant. The values
S<) obtained in 1886 and 1887 vary from l ·8 to 2·7, " and in the
most favourable circumstances approach the number 3 which
Langley's experiments appear to indicate."
lVI. Savelief has also obtained very r egular curves at Kieff on
November 10, 1891, and February 25, 1892, and has deduced from
them a value of the solar constant equal to 3·6.

C1'0va's ausulute ctcti11om ete1· (1898).#-·-lYL Crova has recently
constructed an absolute actinometer, which combines in itself
several ad;rantageous arrangements. The calorimetric mass is a
broad thin disc (diameter 4 cm., thickness 0·5 cm.), made of
*

0•111JJtn R emlus, Vol. CXXVI. , p . 394, 1898.
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copper, suspended from three fin e threads at t h e bottom of a t ube,
com pose1l of two con centric t u bes wit.h water bPtween th em, and
fitterl with s n ccessivl~ 1liaphrag m ::;. This disc r eceives t h e rays of
th e sun on its blar,ken e<l face (illl' ot h n is poli shed) and is h c:1tecl;
and if w1 ; take a cylind er snfficicntly far from th e edge, having
1 cm'. base, and for h eight the t hickness of th e disc, the
fundamental equation act.nally gives u s
dlJ = CU]_ elf - -/Ii Ii dt,
IJ being the excess of the temperature of th e Jisc above th e temperature of the environment at the t ime t, c the mass of the water
equivalent of the cylimlt:r, a t h e absorbing po wer of lampblack,
q the quantity of h eat falling during the unit of t ime on 1 cm 2,
m the sum of the coefficients of loss by radiation and condu cti bility for the same cylinder. From this, integrating and putting
C

m

7 = a,
I)

= Bo e - at

+

aq (1 - e - at) .
aC

The coefficient. et is determinerl by observing in the shade ;
then q = o and (} = (} 0 e -at,
If the th ermometric excess is slig h t, the exponen tials are
reduced to the fir st term of their developement, and yon h ave
for the cooling and h eating a uniform march, which brings t he
calculat ion t o the very simpl e form which Pouillet hacl given it.
The constant c is easily determined.
The installation and orientation of the actinometer present no
difficulties, t h e sh adow of the di sc is cau ght on an unpolish ed
disc at the base of the tube.
The delicate point is th e measurement of the excess e. In
order to obtain it you employ a thermo-electric couple of Ironconstantan. One of the junctions is in the centre of the disc, and
and a fine wire of constantan is fixed at t he back of the disc.
This wire is attached at the other encl to a copper wire, with
which it forms the second junction, immersed in the water of
the double envelope at the height of t h e disc. One of D eprezd'Arsonval's galvanometers is intercalated in the circuit.

Angstrom's dijferentfol p yrhrz1·ometer(l885).*-In 1886, M. Knut
0
Angstri:im publish ed in the Transactions of the Upsala, Society
the t h eory and description of hi s differ ential pyrheliometer.
The apparatus is composed of two identical discs of copper,
each carrying a th ermo-el ectric junction, and exposed alternately
to the action of th e sun. A galvanometer placed in the circuit
of the two junct ures m easures t h eir difference of tem perature.
You note t he time that that difference takes to pass from + o
to - o, and then, after inversion, from - Ii t.o + i!, and so on. If
the intensity of radiation h as n ot changed. during the- exp eriment,
the times corresponding to these successive varia,tion s have t he
same value t. Let C be the water equivalent of one of the discs,
• Actes de la Societe royale des Sciences d' Upsal, 1886.

S the surface exposed to the sun, and et its coefficient of absorption ; you see easily t hat the intensity of radiation is given by
the formula

Q=2 co.
a St
Each calorimetric disc has a diameter of aLout 3 cm., a thickness of 0·5 cm., and weighs :J2·33 it grammes. , 'rh e surface on
which the rays fall is carefully black en ed (M. Angstri.im estimates
the coefficient of absorption of that surface at 0·98), and all t.he
rest of the exterior surface is platinized and polished. At the
centre of the disc is screwed on a thermo-electric juncture of
copper-gepnan sil ve1· ; t he german silver form s a rod going
directly from one disc to the other, the copper forms a wire
circuit in the course of which is included a dead-beat galvanometer. The deflexion i'l observed by means of a telescope and
divided scale. 'rhe discs being placed normally to the rays of the
sun, you displace a screen so as to uncover alternately each of
them when ever t h e galvanometri c deviation reaches 200 di visions
on one side or the other of zero, and you note t he times of
passage of t.he index across the divisions 150, 100, - 50, - 100,
- 150, and then -150, -100, -50, 50, 100, 150, and so on. If
yon combine the times corresponding to +150 and -150 (the
time differences should then be divided by 3), to + 100 and -100
(these differences should be divided by 2), to + 50 and -50,
you obtain three values of t corresponding to the passage from
+ 50 to - 50. 'l'ak e for example the observations of July 10,

1885 :Times of P assage.

--

Deviations.
Deviations,
Positive.

-

IDeviations,
Negative.

I

lst Series

...

...

2nd Series

.. .

.. .

h.

150
100
50
150
100
fiO

l

0
0
0
0
0

Intervals of
t ime for
o= 50.

m. 8 .
33
9
33 27
33 44
37 28

m. B.
35 11
3-! 48
84 24
39 29

37
;is

3~

4fi

I
I

6

38 4fi

4

Mean

seconds.
40•7
40'5
40•0
40 '3
40•0
-!O·O

...

-------

40·7= 0·67il min.

A previous calibration had shown that a galvan omete r Llev iation of one division corresponL1ed to a difference of tempera.I ure
between th e two junctions equal to 0·0195° ; we have thus :
ll

=

50 x 0·0195°

=

0·975°.

The other constants of t he in strument were
C = 3·039 grm.

S = 7·162 cm 2•
We have then
Q =

2 x 3·039 x 0·975 ,,,,;, 1·25
0·98 x 7·Hi2 x 0·673
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This is, as will be seen, a form of the dynamical m ethod which
may be termed the method of equcd d'ifferences.
M. Chvolson, who has studied Angstrom's pyrheliometer with
especial eare, preferR to operate on a different method which he
terms the method of eqiial times. At epochs which al'e equidistant
and close together, 0, t, 2 t, he observes the numerical values
o1, o2, c3, the differences of temperature of the two bodies. He
then arranges them so that 82 shall be sensibly 0 and 81 and oi
have, in consequence, contrary signs. W e have then, with an
approximation whi ch is quite sufficient.,

Q= 2C 01 0:: + 822
st. 01 + 03
If we take, for example, the observation made at Pavlovsk,
Aug11st 12 (24), 1892, at 3h. 22m. p.m.

01

= 2·61°,

t = 1 min.
82 = + 0·16°, 03

= 1·79°

The + sign of o2 shows that in the course of the first minute
the difference of temperature has been reduced from 2·61 to 0· 16,
at the end of the second minute the body which was previously
the colder has become the warmer to the extent of 1·79°. We
find
Q

=

2·131

~

with an approximation of 0·5 per cent., all instrumental errors
being disregarded.
l\'L Chvolsou has r educed the losses by radiation and
conductibility (1) by gilding the discs over all their external
surface except the blackened part, and (2) by r eplacing by a fine
line the german silver rod soldered to the two calorimetric masses,
and by supporting each of them by four threads to a fixed
external ring.
M. Crova has, as we have seen, adopted this mode of suspension,
but he employs only one disc, and places it in an isothermal
space, returning to the only trustworthy mocl e of proceed ure,
whatevel' may be said of it.

Angst?-om's n gistei·ing JJy1·lwliumeter (JSS5y.-On the same
principle as his pyrheliometer, M. ,\ngstrum has constructed a
very ingenious self-registering apparatus, in which the discs are
replaced by hollow bulbs united by a glass tube so as to form a
differential thermometer. In the middle of the tube there is au
index of mercury, which a platinum wire soldered into the middle
of the tube connects constantly to one of the poles of a battery.
'l'wo other platinum wires soldered into the glass tube, at small
and equal distances from the two extremities of the index,
communicate with the other pole. When one of the bulbs is
• _-late• d11 la. 8oc·iitt! ?'uyale tlr• S ,,imw1w rl' Cpsnl, 1886; and Hilwng till K. Vet. Akatl. han1Ui11gar, Vol. XV., No. 10, 188!! ; or Wird. Annalrn, Vol. XXXIX.,
p. 294, 1890.
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warmed by the action of the sun t he index is pushed towards t he
side of shade. It touches the thread on that side ; t he
electrical circuit is closed, and under the action of a m echanism
set in action by a r elay · the differential thermometer r evolves
through half a t urn ; t h e action of the bulbs is reversed. At the
same time a pencil descends a very small distance on a drum
t urning with a uniform movement. It '.Vill descend again the
same amount when the bulb actually exposed to the sun exhibits
the same excess of temperature as the other bulb showed just
before. Thus a continuous curve is traced by ·small steps, the
angular coefficient of which at each point will be proportionate
to the radiation at the corresponding epoch. 'l'he coeffici ent of
p1·oportionality is determined by comparison wit.h the normal
py rheliometer.
. M. Angstrom has obtained with this registering apparatus on the
Island of Yxeloe, during the summer of 1888, very important
results, to which we shall h er eafter have to r eturn.

Angstrom-Chvolson's act1'.nomete1· (1892). *-The differen tial
thermometer has been simplified by the inventor himself,
and 0 subsequently by M. Chvolson, for or dinary observations.
lVI. Angstrom had reduced it to t h e classical fo rm of the differential thermometer, as in his registering apparatus. M. Chvolson
lets the two bulbs be independent of each other. Each of them
is composed of a box of copper, 3·5 cm. in diameter and 0·7 cm. in
thickness, containing the reservoir of a mercurial t h ermometer.
This r eservoir, in the form of a spiral flattened, in a plane
perpendicular to the tu be, was silvered chemically and t h en
coppered galvanically, and is plunged in copper v ery fiiwl y
pulverised. The tubes of the two thermometers are bent twice
so as to place them normal to the plane of the covers of the two
boxes which have been carefull y blackened. Between the two
tubes a carriage is moved by a micrometric screw, and to this are
fixed (l) an index sliding underneath the tubes, (2) a fine thread
sliding above them, (3) a large lens over which you place the eye, so
as in every case to superpose the thread on the trace so as to avoid any
error of parallax. The r eadings are thus rendered easy and accurate.
M. Rizzot has adopted an analogous arrangement. He preserves
M. Angstrom's m etallic discs, and makes a hole in them on the
side, in which h e inserts the bulb of a calorimetric th ermometer,
which is thickly silvered, securing its perfect contact with the
mass of the disc by means of finely -power ed silver. The tubes of
the two thermometers lie parallel to each oth er, in opposite
directions, in a plane parallel to the absorbing face.s ; and again
the reading of t h e diffei·ence of temperatures can be easily
made.
0

0

Angstrom's compensating p yrheliometer (1893).t- M. Angstrom has communicated to the Royal Society of Upsala the
description of a compensating pyrheliometer, founded on a

* R eperturininfu1· Jlfetc01·olog·ie,

Vol. XVI., No. 5, St. Petm:~burg,

1 89~ .

t 1lfemo1·i.e della Suoietd d egz.i Speti'ro3l!OJJist'i ital'irt11i. Vol. XXVI., Ir!J7.

t Actrs rle Zti Suc.'iete 1'0yale des Sciences d' Upsal, 1893 ; and Anna.lender P!i.y,.ik
1m£l C!lwm.fo, Neue Falge, Vol. LXVII., p. 633, 1899.
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principle en tirely differen t from that h e had employed in his
first instrument. H e tak es as his calorimetric body t~wo th in
strips of m etal, idr.ntical in every way , anrl then exposes one to
the r::iys of the sun, while into the oth e r, k ept in the shade, h e
passes an electric current, the intensity of w hich is regulated so
that the h eating of t he two bands is th e sam e. H e tests this
agr eement by the fact that the act.ions of the t wo identical thermoelectric elem ents in contact with t h e tw o sirips compenRat e each
other on ::t sen siti ve galv::tnometer. Th e en ergy received by th e
inciden t radiation in the unit of tim e is ther efore equal to Hmt
which is r eceived in the sam e time by th e electric current.
Let q be the radiation per second per squ are centimetre, b the
width of the strips, a th e absorbing power of their blackenecl
surface, r their resistan ce p er unit of l ength, and i the intensity of
the compensating current.
We have
bet q

r i

2

= 4·18

From this
1·

i:i

q = 4·18 b a

(calorie)
second

or
GO

Q

= 4·18

1·i" (c~lori e ).
b a mmute

This m ethod does away with all corrections for cooling . W e
determine b, a, and r (as well as the variation of r with
tern ]Jerature).
In order to make an absolute m easure w e have only to
observe i .
The metal strips are of platinum, wit h a thickness of 1 mm. or
2 mm., and t h eir breadt h is 2 mm. On their posterior base they
have a junction of constan tan (or nickel)-copper. Their anterior
face is blackened. They are mounted, side by side, at the bottom
of a tube containing several diaphragms. In front of the tube
there is a movable p erforated screen which allows the radiation
which is to be m easured to fall alternately on one strip or the
other. 'rhe bottom of t h e tube carries four terminals, two for the
circuit of t h e t h er mometric junctions w it h which is connected a
ver y sensitive galvanometer, and the two oth ers fo r th e circuit
of th e compen sating current, which comprises a Daniell's or
L eclan ch e's elemen t (or, better still, an accumulator), a sliding
contact resistance box , and a milliamper emeter (or, better, a
special electrody n am ometer ). A comnrntat.or permits th e putting
one or other of the strips in th e circuit .
The strips are cut off on th e dividing en gine and t h eir breadth b
is known in con sequence. Their resistance r per unit of length
is measured by means of a Lippmann's capillary electrometer, by
means of which the differences of potential (1) between two knife
edges resting at a known distance apart on the strip which is
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being tested, and (2) between two contacts, one fixed, t.he other
movable, on a standarcl wire, both s! rip and wire b eing included
in on t he same circuit are adjusted to equal ity . In ord er to take
account of the variation of 'i' w ith temperatnre, 1\1 . •~ngstri:im
determines separately the effect of t h e initial temperatu re of t he
wire (the temperature t of th e surrounding space) and that of
the h eating clue to the pa ssage of t h e current of intensity ·i: . He
thus knows the resistance 1·1. ; in t h e conditions of the experiment.
Direct o1)servations h ave shown that the absorbing povver a of th e
surfaces bfacken ed by Crova's m ethods may be tak en as equal
to 0·985.
Th e course of an experiment is as follows :-The apparatus being
adjusted for direction, yo u fi rst. ascer tain that the radiation falling
simultaneously on the two stri ps does not alter the positio11 of
equi librium, at zero, of the galvanometer connected with the
thermometric junctions. You then arrange th e screen so that
only one of the strips is exposed t o the sun, and, at the same time,
you direct into the other the compensating current, the intensity
of which is regulated so as to bring t h e gal\anometer to zero.
You r ead the intensity of the current by the milliamperemeter
(or by the special electrodynamometer) . rrhen y ou change at once
the position of the screen and of th e commutator so as to reverse
the action of the two strips, and make another m easurement. You
then r evert to t he original arrangement and take a third reading .
Here is an example of an observation made by M . .Angstri:im on
the top of the Peak of Ten eriffe (3,700 m .) on June 25, 1896,
at noon. The right-hand strip D 1 having been first exposed,
and then the left-hand one G, and finally the right-hand one
again D ~ .
i2
D1
0·0704
G
0·0713
0·0702
D2
Mean Di

+

D2

4

+

2G -

0·0708.

The temperature of the tube enclosing th e whole being
21°,1·t,; = 0·3614 and we h ave Q = 1·626.
A very inter esting d ouble series ·was obtained a few <l ays later,
on July 3, by M. ,'\i1gstri:im at Guimar (300m), and b y h is assista nt ,
M. E d elstam, at Alta Vista (3,252 m .), between 5h. 30111. a.m .
and 5h. 13m. p.m. Th e series of values obtai ned at Alta Vista
w er e r emarkably regul ar. The r eadings a.t noon were :Guimar
Alta Vista

Q
Q

=
=

1·384
1·618

We sh ould add that M. A. ngstrom has taken care to compare his
compensating py rh eli ometer with h is differen tial pyrheliomet er.
"The very !3atisfactory agreement in th e values obtained fro m
the two instrumen ts, which are so differen t in principle and in
their manipulation, speaks, as it seems to him, in favour of th eir
accuracy. It should be added that with the n ew apparatus thA
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constants are more easily d etermined, the se:1iHl·Lveness can be
more easily increased, and an observation is more rapidly
effected."

Jf. Olwolson's apparat·ns (1893).*-In our ._ study 0f the
apparatus of M. Chvolson, as d erived from 1\l. A.ngstrom's, we
have followed M. Chvolson himself. vVe onght, however, to
point out the modifications wliich he has intro luced, particularly
into the actinometer of which he has change<1 th e mode of usc
and transformed the con st ruction, have made t.he m his own
instruments.
After a careful examination, Chvolson's actinometer has been adopted, under a sl ightly modified form, by
the Meteorological Service of Rmisia, and has been employed fot·
several years ii1 a regnhtr manner . 1-f' we sd a:=;idc t.h c spectrobolometer, the micro-radiometer, and, gen era lly, t.he apparatus
intended to deal with t he simpl e radiations of the spectrum,
apparatus which r equire a special installati:m, ancl confine ourselves to the instruments by means of which ·we propose to
register the total energy of radiation, we se J that these have
been multiplied within the last twenty yeara. Although the
bulbs may be always employed as calorimetri ; bodies, it is the
discs which offer over all their base a surface normal to the solar
rays, if properly directed, which seem to be specially preferred ;
on the other hand, the mercurial thermometer h'nds to be r eplaced
by the thermo-electric elem ent., which is more st> nsiti ve. Finally,
we commence to r evert to the use of the isothermal enclosures,
which has always seemed to us to be pecnliarly advanhgeous.

II. Fu1·11wlce.
When we have obtained a series of obsei·va.t ions relating to
solar radiation under different conditions, it is necessary to
connect all these observations by a formula from which to deduce
the intensity of the radiation emitted by the sun anrl the
absorption which that radiation nndergoes in passing throu gh our
atmosphere.
According to Bouguer's fundamental law, the intensity of a
simple ray transmit.t.ed through a homogeneo ns atmosphere is

I= ApE

p b eing t h e coefficient of transparency of t.hat atmospliere aml

E

the mass traversed.

If we call z the zenith distance of the sun, and h = 90° - .z, its
height above t.he horizon, we know that z differ::; very little from
sec.z ( = cosec. h) as l ong as h is greater than :10°. For smaller
values of h yon must refer t.o a more complex formula given by
Bouguer.
1'he calculation has been r ecently taken up by
M. Angot,t by M. Maurer,+ and finally by M. Chistoni.§ I shall
* Chvolson, Zoe. cit.

t
t

Annafrs d1t Rnremt cr'll! ml Jl"1e01·olurriq11e, l st part, p. 12-1, 1883.

Aro!ii.u s tleR Sr.ilwrrw f'lr?J.;iqu.r«, Srd period, Vol. IX., p. 37-1, 1883.
§ Atti dr.llo So,.irlit tlri nrd11-rn/i;-ti di. Modena., 3rd serieR, Vol. XVI., p. 166,
l S ~'~·
.
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only reproduce the simple form given by M. Angot to Bouguer's
formula:1
1
.
) }
e = - - { 1 - _!_ cot. 2 h (~ 2a
::I et sm. 2 h
si n . Ji,
in which a represents the terrestrial ray .
The formula I= A JI E' established for a simple ray and a
homogen eou s atmosphere, cannot be extended to solar radiation,
which is complex, and to our atmosphere, which is not at all
homogen eo us.
Meanwhile Pouillet and many physicists after him have been
able, by means of a formula of that nature, have been able to
connect together the different values of radiation at the successive
hours of a day. But from the fact that a formula represen ts
w ell enough the mru:ch of the phenomenon for the values of e
comprised between 3 or 4 and 1·1 or l·O, has one the right to
extend it to t he case of e = 0 and from that to deduce the en ergy of
radiation at the limit of our atmosphere ? This is what Pouillet
did. H e found for what h e termed the solar constant, A = 1·76
calorie per minute. By the sam e formula, he deduced for the
coefficient of transparen cy of th e atmosph ere, or the atrnospheric
constant p, values variable from one day to another and
comprised between the values of ·72 and ·75.
If w e consider it simply as an empirical formula,
Pouillet's formula is unsatisfactory . Bartoli and Stracciati, ~
who have made a gr eat number of determinations of intensity, by
means of Pouillet'i- pyrheliometer and Violle's actinometer, in
various parts of Italy and Sicily, have r ecognized t hat as e increases
p increases, and conseq nently A decreases.
M. Orovat had already prov@d the increase of p with e, and in
order to take account of it, h e had been braught to put

Q

A

= (l+e) m

This formula repr esents in general, in a very satisfactory
manner, the hourly march of radiation.
Bartoli has actually obtained an excellent series of hourly
values simply by ihe formula
Q= ;-m·
A
As an example w e shall r eproduce, following M. Rizzo,t the
series obtained September 20, 1894, by Bartoli on the top of th e
Stelvio pass (~ ,850 m.), and which is r eproduced throughout its
extent b y the formula
1·676
Q = e0·274 •

* Bnlletti no ?11 ensile d -ll'Accade111ia Gi.mnia in l'ata1via, 1889, 1891, and 1892,
and Nuo'Vo Oi111entv, 1892 and 1895.
t Loe. cit. For the calculation of t h e solar con stan t and t h e coefficient of
transparency of t h e atmospheres, Sl'C esp eciall y, Annalf.y rle Gliim:ie rt d~
P hysiq1u, 6th series, Vol. XIV., p. 54 1.
·
i 11Je11101·ie della Accadt1nia reale ddle Scienze d·i Tol'ino, 2nd series, Vol. XLVIII.,
1897-1898.
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Q.

Obs. - Cale.

E.

t;
5 •;)

5
4 ·:;
4
3•5

3
2·8
2'6
2·4
2·2

.. .

2

i ·s ...

1'6

I ·±

...

Ob,er ved.

Calculated.

I·O:lt>
1•050
l ·OSO
1'1:22
1 ·1 +6
1•! 88
1•24 2
1·25±
l •284
[·;)08
1'350
1•38 6
1•428
1'482
1·53G

1·026
l ·o.-, i
1·0 1a
l•l l l
1·1 -17
l · l t; ~)
1·u1
l '2 tiii
1•290
[·;119
1'351
i'il8 7
l •427
1·+7±
l'i1 29

0
- O·OOl
O·Oul
V'Oll
- t) ·OO l
- O·OO l

o·ocn

-

-

0·011
0·006
0·0 11
O·OO l
O·OO l
0·001

o·oos
0·001

Obviously on e ·w ould not think of extending the formula in the
case of e = 0.
As to Crova's formula, which s uits almost equally we.11 the
Stelvio observations by t he expression
2·079
.
.
.l
Q = (l + E) 0 .3Ll 75, 11·om whi ch comes out A = 2·07.l.
l\I. Rizzo has shown how the values giYen by its application
to several series of ob:3el'vations of indisputable accuracy Cliffor
i ntc1· se, such a:; t ho;;e of F orb es and Kamtz at Brienz(724m.) ::md
at the Faulhom ( :!G ~ Om . ) [A = 2·598 and 3·253], and of Langley
at his three stations on Mount Whitney (1460m., 3543m.
and 4426m.) [A= 2·036, 2·474, and 2·271] , of M . Rizzo at his
four stations at Rochemelon (50lm., 1722m., 283-±m., and 35237m.)
[ A = 4·039, 6·204, 4·557 , and 3·697] . We do not speak of M . Crova's
own obaervations.
Forbes,"' in order to represent the simultaneous observations
made by himself at Brienz (724m.), and by IGimtz at the Faulhorn
(2680111.), September 25, 1832, had taken a formula of two terms:
Q =A+ BpH€
thus dividing the radiation into two parts, one which traversed
the atmosphere, or at least the portion of the atmosphere
considered, without sensible absorption, and the other which was
absorbed according to Bouguer's Law, and for that h e took
account of the influence of the atmospheric pressure, If, on the
mass which was traversed.
If we apply this to the case under consideration, this formula
becomesQ = 0·587 + 2·333 (0·412)€'
and from this the solar constant is
A+ B = 2·82.
¥

Ph il . 'li·a.ns., Part II., p. 225. 18·12.
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M.

l~adau "'

has found that in several cases you may take

In d ealing with numerous actinometrical determinations at
Geneva (407m.), and at the Col. St. Theoclule (3320m.), and on the
high est peaks of t h e Alps, Mont Blanc (4810m.), t he Faulhorn
(2680m.), t h e Dent des Moreles (2980m.), the Gornergrat (3040m.),
the Brei thorn ( 4170m.), Sorett proposed to take into consid eration
t he aqu eous vapour, w hich is always more abundant in the lower
strata of the atmosph ere, writing simply

For my part,§ in order to separate the act.ion of aqueons vapour,
I introduced into Bouguer's formula a t erm to represent t he
absorption by vapo ur, an d I put
Q = Ap

H

+

K (Z - z) f
760

€

where K is a n e w constant and :f .the m ean tension of aqueous
vapo11r, in the column_comprised between t h e place of observation
at the altitude z and the stratum en tirely free from sensible
vapour at th e altitude Z.
If this is applied to m y observations carried out sim ultaneously
at 'the summit (4,810 m.) an d at the base (1,200 m.) of Mont
Blanc, Augu st Hi, 1875, and to these w e may add those of th e
foll owing clay at the Grands Mulets (3,050 m.), this formula gives
A = 2·54. Certainly, one may be dou btful whether this is the
real value of the solar constant. At all events the uncertainty of
extrapolat.ion as far as E = 0 diminishes according as the
observation is extended to lesser valu es of t.h e mass traversed, and
as freed from t he lower strata of our atmosph ere', which are more
or less contaminated, this mass gradually approximates to theoretical homogeneity.

I n 1884 Langleyt made a very great advance in the study of
radiation by his memorable expedition to Mount Whitn ey, and by
the admirable researches into the subject, which he carried on for
10 years after his r etum. By means of bis spectrobolometer he
measured the energy of the different simple radiations of a definite
wave-length 1\, and d etected an important part of the energy in
the infra-reel as far as >.. = 3 µ and later even to >.. = 6 µ .
Langley wi shed to m easure at on e time t he total energy of solar
radiation with the actinometer, and t h e. energy of each simple
radiation with t h e spectrobolometer , by simultaneous observations
at three stations, placed at. successive altitudes on the mountain.
Lone l'ine (1,460 m. ), Mountain Camp (3,543 m .), and Whitney
Peak ( 4-,~26 m .) ; but this last station, situatAcl on the very top of the

* Raclau

lul'. cit.

t

Soret Zoe. rit.

§ Violle, Zoe. ed.

t

Lang-ley lee. cit.
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mountain, was so exposed that only a few isolated observations
could be secured there. At the two other stations it was possible
to carry out, in addition to the actinometrical observations, a
sufficient number of observations with the spectrobolometer
(unfortunately these were not simultaneous), each for different
thicknesses of th e atmosphere., for 10 different wave-lengths,
0·350p., 0·37511, O·±OOft, 0·450µ, 0·500v, 0·600ft, 0·700p. , 0·800µ, l·OOOp.,
1·200/-k. For each of these lO wave-lengths he calculated t he two
constants A A and JI A of Bouguer's formula,
-

QA. = AAp'A

H

f.

760

He then divided the spectrum into narrow bands corresponding
to t h e different radiations h e had measured (and observations
subsequently made at All eghany enabled him to extend these to
2·400µ), and taking the sum of all the partial energies r eferring to
each of these bands, he obtained for the solar constant the
number 3·068 ..:'
W e may criticize the numerical value thus obtained, which is
the mean of two numbers con siderably differ en t (and of unequal
weights), 2·630 and 3·505, but we cannot set too high a value on
the analysis carried out by Mr. Langley with his spectrobolometer,
and the consequences which have resulted therefrom.
Mr. Langley shows, in r.n indisputable way, that the formula
with a single term can never, with a mean value of A and only
one value of p, replace the formula with several terms.

Q =A 1 p ~

+

A 2p ~

+

A 3 p;

+

We must, therefore, h enceforward entirely r enounce the
" barbarous " expression, to u se Dr. Pernter'st phrase, of a single
coefficient of transparency r elative to the action of our atmosphere
on the total radiation of the sun . But after the results of the
researches carried out or suggest.eel by Langl ey, how complicated does this absorption appear ! Let us consider, for example,
the curve publish ed by Langl eyt in 1888 to represent the
distribution of energy in the solar spectrum at Allaghany.
In that curve, constructed by taking fo r abscissffi the wavelengths, and for ordinates the values given by the bolometer,
what a disconcerting profusion do ·w e find of saw-tooth edges,
of depressions of every breadth and every depth. Doubtless,
if we place along side of it the well-known telluric rays of
the visible spectrum, the zones of absorption of aqueous vapour
and of ca.rbonic acid, as we can trace them from the recent
works of Angstr om, Julius, Paschen, and Rubens, we can clearly
see the influence of the different elements of our atmosphere.
Not less clearly comes out the difficulty of establishing_ a completH

* The values of p A varied from 0·35 (for "A= 0·375 µ,) to 0·97 (for A= I ·200 µ)
in t h e very pure atmosphere aboYe Mountain Camp. In th e lower layers the
coefficien t of t ransparency is still more Yariable, from O· l O to 0·96. We have,
practically, p = " - :c"A ', ,IJ and x being· two consta.nt s.
t ZPitschriftfiir Jieteurologie, p. 207, 1886.
t American Ju11.rnal qf Science., 3rd series, Vol. XXXVI., p. 397, 1888.
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formula, even if we admit that each isolated action obeys
Bouguer's law.
Meanwhile, we cannot Ret aside the loss of intensity which the
radiation of the sun undergoes by diffusion through the solid or
liquid particles in suspension in our atmosphere. This effect,
which appears to account for certain depressions of Langley's
cm·ve, may become very decided in a cloudy . atmosphere.
Lord Rayleigh# has btien brought to represent by I = 10 e - KA. - ' E
the intensity of radiation of initial magnitude 10, of length of
wave A., transmitted through a cloudy medium of thickness E,
K being a co -efficient cl epencling on the properties of the particles in
suspension. The experiments of M. Manz, M. Nichols, Captain
ALney, and General Festing, and above all those of Angstrom,
have only given an imperfect verification of that formula. Fresh
researches are required.
Among the constituents of our atmosphere the carbonic acid
has particularly attracted M. Angstrom's attention.t
Assuming
that nitrogen, oxygen, and aqueous vapour exert on the wholf; of
the solar rays an absorption which is uniform and weak, while
the carbonic acid produces a strong action, he puts
0

Q = A1JJ:

+

A 2 p:,

A 1 representing the radiations which are affected by nitrogen,
oxygen, and aqueous vapour, A 2 those affected by carbonic acid ;
p 1 ~nd p 2 are the corresponding coefficients of transparency.
M. Angstrom then takes the observations he made in the island
of Yxelce on July 19, 1888, and which had given him the following
results:-

I

Hours.

Q.

a.m.

I
5 a.m.
6
7
8
9
10

11
12

"
"
"
"
"
"
"

7 p.m.
6
5 "
4 "
3 "
2 "
l

"

..."

...

...
...
...
...
.. .
...
.. .

-

E.

4·75
3·09
2•26
1°80
1•53
l·R8
1•29
1•2fi

0•51
0·73
o·89
1'02
1"20
1•28
1•36
1'36

I

.

p.m.
0•48
0•77
0•98
1•09
1'20
130
1'34
]'36

I

Mean.
0•495
0•750
0•935
1•055
1•200
1·290
1"350
1'360

He applies to these figures his formula, and with this effect,
that he remarks that for values of E superior to 3 the rays
absorbable by carbonic acid have, in fact, disappeared, so that
from the first two observations relating to E = 4·7 5 and E = 3·09

*

Pkil. 1lfag., Vol. XLl., p. 107, 1871.
Ot:frnni,r;t af Kongl. Vi:t.-Akad. fii1° ha·11dl·inga1", No. 4, Stockholm, 1889, and
Bihang t'ill K . &cn,1·ka Vet.-Alwd. ltandlinga1", Vol. XV. , No.!!, 1899 ; or Annalen
rler PkyRik ·u.nrl (7i em-ie, Neue Fo.lge, Vol. X:XXIX., p. 267 , 1890,

t
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he can deduce the constants of the portion of the radiation apart
from the action by carbonic acicl :
JJi = 0·786.

The difference between the observed intensity and that given by
the formula Q1 = 1·56 x 0·786E represents the intensity of the
portion whiQh passes through the carbonic acid for each of the six
remaining thicknesses.
From his own personal observations, and particularly from
the 0 cleterminations made by M. Lecher on the Altenberg,
M. Angstrom gives for the carbonic acid p 2 = 0·134. He then
finds from six equations which are quite concordant A 2 = 2·45.
'rhe intensity of solar radiation is accordingly represented by
the formula
Q

which gives, for

=
E

1·56

=

0·786E

X

+

2·45

X

0·134'

0,
A1

+

A 2 = 4·01.

This will be, according t o M. Angstrom, the solar constant,
or, rather, as he very correctly says, the minimum of that
constant.
The most satisfactory agreemen t is shown between the numbers
calculated by tbe preceding formula and the numbers observed.
But we lrnv6 already remarked more than once that such an
agreement proves absolutely nothing as to the theoretical value
of the formula adopted. M. Raclan has given several proofs of
this ; he has reproduced with equal success the same figures by
very different formuhe, and M. Rizzo has shown that the values
observed by M. Angstrom on July 19, 1888, may be just as well
obtained from Crova's formula

a·2:rn

Q = (T+

€)1.063'

The simultaneous observations at differ ent altitudes have quite
naturally attracted t h e attention of M. Rizzo,'' whose important
expedi tion t o Rochcmelon is ·well known. H~ has endeavoured
a[i·esh to establi sh a relation, more 01· less approximate, between
ihc total energy Q of the solar radiation at. one point., r efe rred to
the zenith, and the pressure H at that point.. Wit!1 that object,
h e has taken int.u accoupt simultan eous observations (or what
may be considered as such) taken by me at Bossons, at the
Grands Mu lets, and on the top of Mont Blanc, in 1875 ; by
Mr. Langley at Lone Pine, at Mountain Camp, and on the top of
Mount Whitney (lst series), at Lolle Pine and at Mountain Camp
(2nd series) in .lHX-1 ; l> y MM. Crova and I-fa11ski at Chamonix,
al the ll1'eve11t, and on top of Mont Blanc in 1897 ; arnl, finally, by
himself at Monpantero, at Trucco, at Casa d'Asti, and at the top of
Ifocciamelone in 1897, and he has found that the formula
Q1 =A

+B

* Rizzo

(760 - H)v
luc. cit.
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will adapt itself perfectly to these five series with the following
values of A and of B :-

A.

B.

l' i'i70
l •261
] ·067
1"308

0"0!5
0·042
0·039
0·053
0·053

1•324

0•046

Observers.
Violle
Lan gley (lst series)
,,
(2nd series)
Crova [1,Ild Hanski
R izzo

1"414

Means .. .

It will b e seen that the coefficient B which, propnly speaking,
ex presses the law according to which the radiation varies with
the altituci e·above sea level, oscillates b etween sufficiently narrow
limits, while A exhibitR larger variations. These variations arise
either from the fact that t h e intensities differ really in
consequ,.ence of the absorptionR which h ave tak en place, or more
probably from the fact that the m easurements are affected by
instrumental e1-rot·s. As this is, without doubt, the principal
cause of disagreem en t, we may take for the most probabl e value
of A the m ean of t h e numbers furnished by the different series,
and for B th e m ean d ei'ived from the same series, and with these
numbers we can establish a formula which will r epresent, at least
approx imately, the law accorclin15 to which the solar radiation,
r eferred to the ~enith, d epends on atmospheric pressure, and
which will allow us to obtain the value of the solar constant.

Thus, w e find

Q1=1·324

+ 0·046 (760 -

H )~

and consequently, for the solar constant, 2·592.
Over and above the inexactitude which r esults from extrapolallon, and w hich always exists, more or less, in every formula we
take, the determination of the solar constant will be al ways
affected by the unknown effect of the upper strata of the
atmosphere. This shows us again the advantage of securing
observations at the highest elevations we can reach.

8 11 mmary.
To sum up, w e now possess excellent apparatus for measuring
and registering solar radiation at an observatory. We have also
portable instrumen ts for scientific researches.
But is t h ere yet an actinometer in existence which unites the
condi tions of simplicity, stren gth, an<l facility of manipulation
which are cl emanclecl by m eteorologists for routine observations?
vVe know a number of empirical formulre which will enable us
to follow the m ar ch of radiation during one en tire day. ·we can also,
with a certain exactn ess, unite the different observations following
t h e same vertical plane. But we have no formula from which w e
5991-23
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can deduce with any certainty the solar constcmt; the formula
Q = - ~ AA. p ~, over and above the difficulties of its application in
the actual state of our knowledge, leaving out of account the
absorptions not following Bouguer 's law. Moreover, no formula
can take account of the unknown absorptions produced in the
upper regionR.
At all events, t he observations at g reat elevations (on mountains,
or, still better, in balloom) will allow ns to approximate to the
truth, by making it possible to measure the total radiations, as
well as every simple radiation up to the levels of 24 or 25 kilometres, which we shall soon be able to reach.
It will be of advantage to multiply these observations, not only
on account of the changes which take place on the surface Gf the
sun, but also on account of the variations of the distance from the
earth to the sun, ancl the special actions which the different
regions of space traversed by our earth may produce.

JULES VIOLLE.
August 25, 1899.

APPEND IX IX.
METEOROLOGY AND SEISMOLOGY.

The connection between earth tremors and meteorological
phenomena is slight, and is but seldom seen, excepting in the
analysis of numerous records from large areas, or from small areas
whera seismic disturbances are frequ ent. When these are made it
is found that seismic frequency and periodicity is more or less
connected with varying m et eorological conditions.

If, however, the i;eismologist includes in his work observations
on changes in the vertical, diurnal, and semi-diurnal waves, which
may in part represent globe distortions, earth tremors, or microseismic movements, the records of which do not always refer to
movements of the soil, &c., then the explanation of these
phenomena are to be found almost entirely in the registers of the
meteorologist.
Unusual movements of large bodies of water, like seiches and
oscillations of sea level, are clue sometimes to atmospheric disturbances and sometimes to seismic disturbances.
Where observations of terrestrial magnetism are included in
the work of a meteorological establishment, at certain stations, it
will often be found that the records of a seismograph will throw
light upon unusual perturbations of magnetic needles.
As to whether m eteorological and seismological investigations
should be associated, the conclusion, based upon the above notes,
is that very much depends upon the nature of the observations
undertaken by the meteorologist and by the seismologist
respectively.
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To observe earth tremors is comparatively a simple matter, but
there is at present no completely-equipped establishment for the
complete record of the various movements of the surface and of
the interior of our earth.
JOHN MILNE.
January 5, 1899.

APPENDIX X.
REPORT ON THE GERMAN EXPEDITION TO THE ANTARCTIC
REGIONS ; BY PROFESSOR DR. VON DRYGALSKI.

The German expedition to the South Pole will start at the
end of August, 1901, and will at once make for the Cape of Good
Hope, stopping only from time to time to obtain some soundings
in the South Atlantic Ocean. The equipment of the expedition
will then be completed if necessary, and the first magnetic
observations will be taken.
From the Cape the expedition will proceed to Kerguelen, by
Prince Edward's and the Crozet Islands, ·where, at least, one
observation of the magnetic elements will be take!l with the
standard compass (Fox's al:Jparatus) and with the deviation magnetometer.
While at sea the meteorological observations will be made, aE
usual, every four hours ; about noon, between 11h. 30m. a.m. and
1 p.m., the observations will be more frequent, so as to determine
more exactly the maximum temperature of the air over the .
surface of the ocean.
It is proposed to establish an auxiliary station at Kerguelen,
with photographic self-recording magnetometers, a portable magnetic theodolite, one of Heydweiller and Stamkart's apparatus, and
an induction inclinometer. The meteorological observations at
that station will be similar to those taken at a station of the
second order, and self-registering apparatmi will be used in addition. The estabishment of this auxiliary station has not yet been
decided on, but it may be considered probable.
In November, 1901, the principal expedition will start from
Kerguelen. It will proceAcl eastward as far as the meridian of 90°,
and then will turn southwards to Termination Island, and from
that to the hypothetical west coast of Victoria Land.
It is there that it is proposed to establish the principal station,
which will be in action for a whole year from about the commencement of February, 1902, until the same elate in the succeeding year. Accordingly, the return voyage will commence in
February, 1903, directing its course wei:;twards towards Weddell's
sea, if . possible, and from that by South Georgia towards Tristan
d'Acunha. On leaving Kerguelen, the magnetic and meteorological observations will be continued at sea as before. At the
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principal station a complete set of instruments for magnetic
variation will be set up, with also a set for absolute observations.
From that station sledge journeys will afford opportunities for
taking magnetic observations at a distance inland, by means of the
portable theodolite. Meteorological observations will be taken at
the principal station, as at a station of the second order, with the
addition of self-recording apparatus. Observations will also be
taken of remarkable phenomena, and especially of those which
occur in the upper regions of the atmosphere.
During the voyage one person will be specially charged with
the magnetic and meteorological observations. At the fixed hours
he will be assisted by the officer s of the ship. At each station
there will be two observers with assistants.
The ship itself will be of wood, wit h a compl ete set of sails and
an auxiliary engine. Thi::; latter, with its accessories, will be set
abaft, so that the iron in its presence shall not affect the magnetic
observations which will be carried on on the captain's bridge,
forward. For six metres at least all round the position of m agnetic
observations the use of iron will be excluded as far as possible,
having due r egard to t h e question of the strength of the vessel,
Berlin, November Hth, 1899.

APPENDIX XI.
REPORT ON 'rHE ESTABLISHMENT
THE CENTRES OF ACTION OF
H. H. HILDEBRANDSSON.

OF OBSERVATORIES
'l'HE ATMOSPHERE ;

AT
BY

It is evident that we shall n ever discover the laws which govern
the general movements of the atmosphere if the only observations
we make on the earth's surface are those in certain civilized
countries. ·what is clear is that the atmosphere is a continuous
mass resting on the earth and the sea, and that these two r eact
upon each other . Any disturb1nee which appears at any one
point must make itself felt at very considerable distances from
that point. We shall often have to seek for the cause of a certain
phenomenon in another which has tak en place perhaps in another
h emispher e. In consequence, a commencement has been made,
on the one hand, to study the u pper r egions of the atmosphere,
by establishing, at great cost, observatories on very high peaks. Two
international committees are working towards this end. The Cloud
Committee has organised cloud observations on an uniform plan
in almost all the m et eorological services of the world, and the
r esults of the first international discussion have either been published or are in the press. The Aeronautical Committee is carrying out with enthusiasm simultaneous balloon ascents which have
already furnished very important results.
On the other hand, Meteorological CoI!gresses and the International Meteorological Committee have, without ceasing, insisted
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on the importance of establishing stations in countries at -;;ery
great distances from the centres of civilisation. It appears to us
that the time has come to indicate the positions on the earth's
surface whence it woulcl be of the greatest importance to receive
observations.
On any isobaric chart for any month there will be found
determinate regions of barometrical maxima and minima. 'l'lie
most constant maxima are located over the oceans to the north
and south of the equator, near the Tropics, and the most important
minima on the oceans near the Arctic and Antarctic circles. On
the continents of the temperate zones we have maxima in winter
and minima in summer. These maxima and minima have been
termed by M. Teisserenc de Bort centres of action. In fact,
thanks to his investigations and the more recent work of
MM. van Bebber and Koppen, we know that a certain relation
exists between the general character of the weather of a season
in Europe and the variations in the barometrical heights at the
surrounding centres of action, that is to say, in Iceland, at the
Azores, and in Siberia. A season has a different type according
to whether Europe is under the influence of one or other of these
centres of action. If the depression over the sea near Iceland
extends in winter over the whole north-west of Europe, we have
a mild and rainy winter, while the winter is severe if either the
Azores maximum or that from Siberia extends over Europe, and
so on. It seems that direct relations exist between all the centres
of action over the globe.
vVe have thought that it would be useful to make a preliminary
study of this question. In t-wo memoirs, Qiielques recherches SW'
les centres d'action de l'atmosphere, I., 1897; II., 1899,"' we have
found interesting simultaneous relations between the barometrical
pressure and the rain at different centres of action. 80 we have
shown that there exists a sort of compensation between certain
neighbouring centres of action. The monthly barometrical
variations at the Azores and in the vicinity of Iceland are almost
always opposed to each other. The same opposition exi sts
between Siberia and Alaska, especially in win ~<Ji, ctncl°.between
Tahiti and Terra del Fuego, situated in the Antarctic minimum.
On the other han::l, there is a quite remarkable concordance in
winter between the atmospheric pressure at the Azores and in
Siberia.
The rainfall exhibits analogous relations. A wet winter at the
Azores corresponds to a dry one over the Iceland sea, and v·ice
versd, and we have found the same opposition between Siberia
and Zi-ka-wei in China, between Mauritius and New Zealand,
between Alto da Serra in Brazil and Cordoba in Argentina. 'l'here
is also a very clear opposition between the centre of the United
States of America and the South of Europe. On the other hand.
the character of the rain is nearly uniform from the Azores in
the west, through central Europe as far as to Barnaoul and
Jenisseisk in Siberia to the east.
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We have, moreover, clearly established that very decided
relations exist between the different centres of action. We have
also found t hat t h e study of these r elations holds out the hope of
its conducting us to a forecas(uf the weather for a cons1:derrtble

time 'i n advance.
· In fad we h ave ·ascertained that the quantity of water which
has fallen from October to March in Siberia is in general inverse
to the quantity w hich will fall in the succeeding rainy season in
India. This confirms an old Indian observation t hat if the
quantity of snow on the mountains is small in winter an abundant
monsoon rain may be looked for, and vice versd. It is clear that
a correct forecast of the w eather for the rainy season in India,
m ade six months in advance, would be of very great importance.
Moreover, a very good agr eem ent exists between the amounts of
water falling in British Columbia in winter on the north-east
shores of the Pacific and that of the following autumn in t he
Azores.
Finally, what touches us more closely is that we have proved
that, with one or two exceptions, the winter r afri at Thorshaven ·
has foe same character as that of t he preceding swnme·1· at St.
Johns, N ewfounclland, ancl of the succeeding swnmer at Berlin.
We n eed not say t hat ·we do not pretend to have found, so far,
any definite la1vs or conclusive r esults. What w e have effected
h as been only a reconnaissance in a country almost unknown, and
that we have found some traces of the road we ought to follow.
For the present it is impossible to proceed furt her, owin g to the
absence of observations 'in some of the must importan t regions.
While ther e are numerous observatories and well-equipped.
meteorological stations in the 1:ntermedfrtry countries in Europe,
in India, &c., such establishments are either entirely non-existent
or, at best, very imperfectly equipped in the r egions where th e
centres of atmospheric action are situated.

-------- -

It is true that a commencement has been made, in countries
-

wl;,~..,b. pC"f''""~

~()ionies, to organize m eteorological stations in
those colonies, and also in oth er distant countries, by means of
the consulates. The r esults ar e also published in the meteorological annals of those countries. But when we examine these
r ecord s we can see t hat t h e obsenations do not last in general for
more t han a few years at each place, and may then be resumed
later on at another place. But for the r esearches in question we

wwnt simultct1ie0Hs obserucd ,ions, contin:ued for et long series of
years, at a lar ge number of stcdions well- sil'llcded.
In Siberia w e h ave observations and excellent stations managed
by the Meteorological Institu te of Russia.
The Icelandic minimum
by the Danish Institute.
Thorshaven , situated in the
doubtless, of extraordinary

is also well furnished with stations
An observatory of the first order at
centre of the Gulf Stream, would be,
importance.

At t he Azores w e have well-organized Portuguese stations, but
they C1re all of the second order. The Prince of Monaco has
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established there a complete magnetic observatory. He would
confer a great benefit on meteorology if he would also establish
there a meteorological station fully equipped.
At Mauritius, in the region of high pressure of the Indian
Ocean, we have a first-class observatory, which was for forty years,
under the able management of Dr. Meldrum, a standard station
for meteorology.
At Honolulu, in the high-pressure r egion of the North Pacific,
Mr. Lyons' station should be made into a fully-fitted observatory.
Let us hope that funds will be found in the United States,
inasmuch as the Sandwich Islands belong at present to that
country.
In the South Pacific w e have Tahiti and Noumea, belonging to
France. For several years observations have been made t here, but
unfortunately they are far from complete.
In the South Atlantic we have St. Helena, belonging to
England, and from it we receive absolutely nothing.
It is also very little we receive from the great minimum in
Behring Sea. An observatory on the west coast of North
America, e.g., at St. Michael's, United States, and another opposite
at Pet.ro-Pavlovsk, in Kamtchatka, would be of very great
value.
In the r egion of Cape Horn, Archbishop Faguano is about to
organize a meteorological station, supplied with self-recording
apparatus, at Punta Arenas. It is very much to b e desired that he
may succeed in that enterprise, and that his observatory will iSsue
publications which will rank with those of Manila and Zi-ka-wei,
both of which are managed by clergymen. There is hardly a spot
in the whole world from whic.h observations would be of higher
value if they could be obtained.
Finally, it is much to be desired that the two stations of Para
and of St. Paul, or of New Amsterdam, should be supplied with
meteorological instruments if the Magneiic Committee succeeds
in establishing magnetic observatories there.
The number of observatories we propose to create is not l arge,
but we ought to have at least one well-equipped station at each of
the centres of action of the atmosphere, and then it will be
pos:sible after some years to carry out the study of the principal
changes of the weather from month to month over the entire
globe. In almost all the countries lying in the temperate zones
we have excellent observations, and in the torrid zone the number
of stations is continually increasing. 'l'hese observations are
doubtless indispensable, but, they will not suffice if we do not
know what is going on at the actual centres of action of the
atmosphere.
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APPENDIX XII.

THE VERIFICATION OF ALCOHOL THERMOMETERS ; BY
GENERAL RYKATCHEFF.

It is generally the practice to verify, in the vertical position,
minimum thermometers which are ordinarily alcohol thermometers. On the contrary, they are set up horizontally to record the
lowest temperatures. At the same temperature the indication s
of thermometers placed vertically and horizontally will differ ,
and the discrepancies will, as it is well known, amount to some
tenths of a degree. Another circumstance which stands in the
way of our using only the corrections supplied to the original
verification of the minimum thermometers is that at high
temperatures the spirit is volatilized, and sometimes a drop distils
into the small cavity at the top of the tube at th e opposite end to
the bulb. The readings ar e t h en too low. Such a drop, separated
from the rest of the column, may escape the notice of th e observer,
if h e only marks the point on the scale reached by the end of the
index.
In order, as far as possible, to reduce the errors due to this cause,
and to render the r eadings of the minimum thermometers
comparable to those of mercurial thermometers, the Nicholas
Central Physical Observatory r ecommends the observers in
connection with it to note not only the readings of the index of
the thermometer but also of the column of spirit in the instrument. By comparing these r eadings of the spirit column with
those of a m ercurial thermometel' . in a vertical position, we
calculate at the observatory, usually for each month, the.
supplementary corrections which are applied to the minimum
readings before they are published in the annals. These comparisons allo>v us also to seP if the corrections of the minimum
thermometers have changed with the time.
This rule, which we have adopted for checking the readings of
the minimum th ermometer s, has been introduced into the
instructions issued by the Imperial Academy of Science of
St. P eter sburg for stations of th e second order (vide th e editions
of 1893, 1891, 1896, 1897, and 1898). For the other countries, as
far as I know, there ar e only the instructions issued by
Professor Mohn for the meteorological stations in Norway, which
recommend that attention shoulcl be paid to this cau se of error, but
according to these instructions the corrections are calculated and
applied every day," while we only apply our corrections to the
monthly means.
It would be very desirable to know if other central meteorological instit utes h ave adopted any m easures to eliminate these
errors, and what these measures are. If similar rules are applied
it might possibly be useful to publish them in the instructions

* Vejledning til Udforelse af 111eteorolo_qiske J agttagelser ved det norske
11wteorolo9iske Jnstititts Stationer, 1888, Christiania.
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or in the annals. It may happen, that if notice is not taken of
these supplementary corrections, noticeable contradictions may
come out between the direct observations and those of the
maximum and minimum thermometers.

APPENDIX XIII.

THE INFLUENCE OF THE STRAY CURRENTS, FROM: ELECTRIC
TRAMWAYS, ON THE INSTRUMENTS
FOR
MEASURING
TERRESTRIAL MAGNETISM ; BY DR. J. EDLER, POTSDAM.

The researches I am about to describe have been undertaken at
the suggestion of Dr. von Bezold, Director of the Royal Meteorological Institute, who, in order to protect the magnetic observatory of Potsdam ·which is under his direction, has entered a
protest against the establishment of an electric tramway, with an
aerial conductor, and a return current by the rails and the earth,
at a distance of at l east 15 kilometres from that observatory.
The i11struments employed for this research were those
described by M. Eschenhagen."1' Firstly, a very sen sitive
apparatus for recording the variations of horizontal force which
will indicate the disturbances caused by currents perpendicular
to the magnetic meridian. The sensibility of the magnetometer,
that is the value uf 1 mm. of ordinate of the curve, has been
determined by defiexion, or by the duration of oscillations, or
simply by t h e comparison of the curves with t hose taken
simultaneously at Potsdam. In this way the amount of the
disturbance may be found in absolute measure.
On the other hand, two induction coils, with a Dubois and
Rubens galvanometer will indicate the relative amount of the
disturbances due to currents parallel to th e winding of the coils.
If the windings are ]Jerpendicular to the magnetic meridian, the
deviation of the magnetometer for t h e horizontal compon ent,
produced by a sudden change of current, is proportional to t he
current induced in the coils, and consequently to · the deviation
of the galvanometer.
·
The magnetometer having been gracluated, the .quotient of the
two dedations gives the coeffi.cient of reduction which allows of
transforming into absolute values the indications of disturbance
given by the coils.
As the direction of the coils was arbitrary, it was possible to
determine the magnitude of the disturb':Lnce for every direction
of the current.
The deviations of the magnetometer and the galvanometer
record themselves on the same photographic sheet, while the fixed
mirror of the magnetometer gives tl1e line of reference.

* Vi!rhandlungen der deutsch. physihal. Gesellschaft,

1899, p. 147.
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The distances from the cylinder to the mirrors of the magnetometer and to the galvanometer were respectively 165 cm. and
135 cm. The galvanometer being placed on one side, a prism
directed, by total reflect.ion, the luminous ray and threw it on the
photographic cylinder. A slight cover of red material completed
the protection of the apparatus against the effects of stray light.
Experiments were made in this manner in June and July, 1898,
first at Berlin at 6, Schinkel Platz, and at L20, Potsdamer Strasse,
and then in much greater number at Spandau, close to the electric
tramway.
That tramway is particularly well placed for such experiments,
because that it runs in only one direction from south to north,
and, as it runs alongside a river, it allows of testing the eventual
influence of a stream of water on the stray currents.
The distance between the two extreme points of the tramway
is about 5 kilometres. The central factory is located near the
south terminus, not far from Pichelsdorf. On week-days there
are circulating at the same time 15 motor carriages and two coupled
carriages. On Sundays and holidays there are 21 motor carriages
and six coupled ones.
'rhe current is carrie.d in the usual way by an air line. Two
strong cables of copper take the current back from the rails to the
machine. The tension is 500 volts. On week-days, under the
ordinary conditious, the current varies in intensity between 35
and 150 amperes.
On the small map (Fig. 1) may be seen the different posts of
observation relative to the tramway and to the stream of water.
FIG. 1.
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The five positions on the Exerzierplatz, whe:re induction coils
are alone employed, are indicated by points, while galvanometer
al ways remained at the spot marked SeeburgerstrassP.
To the west of the tramway measurements were taken, but only
with coils, in the Seelmrgerstrasse at a distance of 0·77 kilometre,
and at the Exerzierplatz at five points distant from 0·38 to 0·92 kilometre, and others at Amal'ienhof at the distance of 3·01 kilometres,
and at Dallgow at th0 distance of 7·48 kilometres.
Self-registering apparatus was also set up on the left bank of the
Havel at Pichelsberg, at the distance of 1·54 kilometre, and at
Pichelswerder at the distance of 0·92 kilometre.
On the curves obtained in this way, only the zigzag disturbances
have been m easured, the total length of which waR 200 mm. for
each station, and then the mean amplitude of the disturbance has
been determined by taking the distance of the extreme points of
the zigzags.
In the table given below will be found, not the directions of
the currents, but those of the components of the magnetic field
produced by the currents.
The following is the signification of the letters :D is the minimum distance from the tramway ;
H the elevation above the level of the river Havel ;
and taking as unit 'Y = 10-5 C.G.S.,
ax is the magnitude of the disturbance N. - S;

a, is the magnitude of the disturbance E. - W. ;
az is the magnitude of the vertical disturbance ;
at is the magnitude of the horizontal disturbance ;

at

= ./ a; + a~.
TABLE I.
Horizontal.

Site of observations.

Spandau

"

Exerzierplatz

"
"

::
Statf~n
...
,,
Exerzierplatz
Amalienhof
.. .
. ..
Dallgow ...
...
. ..
Pichelsburg
. ..
. ..
Pichelswerder . . .
. ..

•D.

H.

km.

m.

I 0·38

I

3•5

3•31

0·47
0•6-l
0·12
0·79

3•5
3·5

0·92
3·01

3"5

2·98
2•32
1•99
i·82
1•66
0•74
0·20
1•25
1·28

7·48

1•54

0·92

3•5

3·5
3•5
3·5
16·0

Vertical.

I

8·o I

8•94
7"27

9"53
i 7•86

17"88

3•62
3•69

5·63

6·09

10•60

3•90

8•40
6•78

4•98

5•36
4•67

7•62
5•62

3·86
3·69

5·49
4"44

4·32

3•97

3·97
2·86

4·30

3•98
4•31
1•33
1"10
0·39 I 0•44
0·71 i 1•44
Vil
1•14

!

23•17

4•00
0·24
3•29
1•04 1 2·22
1"13
1"57

0•95

8•80

l·so

1 "59
1 ·04

The extreme disturbances are oft en twice and sometimes even
three times as great as the mean value of the disturbance .
. At one station, n ear New Zehlendorf, to the south of Berlin,
it is only the great disturbances which make themselves felt.
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In June of the present year (1899) the magnetic observatory has
also established self-registering apparatus in the magnetic pavilion
of the Physikalisch-technische H.eichsanstalt at Oharlottenburg.
The disturbance of the horizontal component there was 0·8y on
the mean and 2y in the maximum. 'rhe disturbance of the
d eclination almost r eached one minute in certain cases.
Naturally, all these r esults r efer only to the instrm!lent
employed, of which the damping and the period of the os<;illation
vary a little with the magnitude of the disturbance. For the
magnetom eter the logarithmic d ecrement of the oscillations
was 0·64. With equal impulse the proportion borne by the d eviation
of one n eedle, without clamping, to the value observed was 1·32.
The impulses of the current follow each other very rapidly,
ancl th eir intervals are less than the period of oscillation of
the needle.
These oscillations are thus continually modified by n ew
impulses ; however, if w e calculate the m ean duration of an
oscillation for a sufficiently long interval by the number of zigzags,
the value obtained agrees well with the period of free oscillation
of the n eedle.
'
For comparison w e may also give the di sturbances observed at
some other observatories near which electric t ramways are now
passing.

TABLE II.
Mean
distance
of
tramway.

--

Greenwich

...

Toronto

...

Washington .. .

I
I
I

Kilom.
6•8

0·12

0•42

Disturbance.
Declination.

I

Horizontal
force.

I

-Vertical
force.

I
Not
measurable.
5" to 10'

About 1'

4yto7y

I

4 / to 9 y

60 y to 120 y 150

Abo ut 10 "/

~to

About

300 y

;;oo y

I

Serious
cl isturbance by
stray currents.

\Somo
fa.
turbance

from electric ligh t ing.

The last columns of Tabl e T. giv e the products D a 1 ancl D az .
It may be seen that for all the stations west of the tramway D at
r emains sensibly constant, so that if the stations are situated in
the same positions as r egards the tramway, the horizontal disturbance d eereci ses simply in proportion to the di stance. On t he contrary, the ver tical distnl'bance is much the more important n ear
the tramway, but it also decreases more rapidly as the distance
increases.
To the east of the tramway, at the other side of the Havel, the ·
disturbance is decidedly weaker. It is not impossible that the
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water may intercept a part of the stray currents ; but the stations
are so placed with r eference to the tramway, and, above all, with
reference to the central works, that, without taking account of
their greater elevation above. the level of the water, the current
lines r each them less easily. If we admit that Dar = 3·75
on the average for all the western stations, w e have, for
D = 8 kilom., Clr = 0·47. That is the average disturbance, but the
maximum disturbance will be two or three times greater, that is,
about 1 y.
With a view to determine the minimum distance to which
magnetic observatories should be removed from tramways, we
must offer a few remarks.
The observatories which confine themselves to photographic
r egist ration and continuous register of the elements of terrestrial
magnetism, maintain a sensibility of 3 y to 5 y for a millimetre of
ordinate, and publish in their reports d efinite values to about l y.
The diurnal range, the determination of which presents special
interest, varies in intensity in the middle latitudes from about
15 y in winter to 50 y in summer. An error of 1 y would therefore involve in these valnes an uncertain ty of from 7 per cent. to
2 per cent.
In the actual conditions it is n ecessary to limit t h e error to 1 y,
because it is difficult to determine the absolute values more
closely.
For this it would be necessary t hat the individual curves should
exhibit such precision that this magnitude m ay be easily appreciable. Thi s precision will cfo;appear at once if the curves are
blurred by the disturbances arising from the tramways and so lose
their definition. We must not forget that an entire displacement
of the curves is not impossible, at least for the vertical component,
and t hat absolute m easurements r emain uncertain.
If, on the other hand, it is proposed to take up, at an observatory of the first order, the special duty of dete!'mining the smallest
oscillations, it is n ecessary to increase the accuracy of the individual values. Inasmuch as, for that object, you. can easily reach
a sensibility of 0·5 y, and even determine a fraction of that
amount, according to the experiments made at Potsdam with
what are called sensitive magnetometers, disturbances of that
magnitude (0·5 y) '.vill not allow you to determine whether they
correspond to phenomena which are n atural or are produced by
an artificial disturbance.
Observations made at a distance of 8 kilom. at the side of a
tramway with. ordinary traffic, and running for a distance of
5 kilom., h ave giYen a maximum disturbance of 1 y, and have
shown that the disturbance diminishes, proportionally, with
tlistance. It. must therefo1·0 be conclmled that we cannot fix
rt, pl'iu1 ·i the distan ce at which we n eed no longe r fear the action
of dis turbances clue to an electric tramway sending its return
currents by rails and earth.
In any case, with a tramway of ordinary t.raffic, the observatory must be placed at least 8 kilometres from the line.
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If the traffic of the tramway is heaviel', as at Greenwich, it
would be necessary to determine the distance at which the disturbances do not exceed 1 y following the above-mentioned law
of decrease in simple ratio with distance.
As to the observatories which have in view special r esearches
with the most delicate apparatus, even a distance double what has
b een mentioned, a distance of 15 kilom., as has been proposed
up to now for Potsdam, is not sufficient to secure complete protection against the influences indicated.
We shall seek to determine in that case, by means of comparative
observations, made in different places, whether in reality there is
any fear of artificial disturbances being perceived there.
The reduction of the distance to 8 kilom. will consequently
signify for such observatories a diminution in the field of their
researches, and a lowering of their rank and their capacity.
It is to be desired for the magnetic observatory of Potsrlam,
which is at present the only spot in Germany where the apparatu·s
necessary for such special researches exists, that the field of its
activity should be preserved until a new observatory shall have
been constructed, fitted with all the ne~essa1·y apparatus, at a
place which is secure from disturbance for a long period to come.

APPENDIX

xrv.

THE PUBLICATION OF TABLES OF THE DIURNAL RANGE OF
TEMPERATURE, IN THE FORM OF DEVJA'l'IONS OF THE
HOURLY FROM THE DAILY MEANS; BY HOFRATH DR.
J. HANN.

Since the date of the publication of tables in this form in Wild's
great work on the temperature conditions of the Russian empire,
the daily range of temperature has been determined for many
places over the earth's surface. But the results of these observations are scattered over numerous publications which are only
discoverable with great difficulty. In fact, the tables in Wild's
work, which has just been cited, are not easily to be got at, owing
to the great and voluminous publication in which these tables
appeared.
Now, the climatologist is constantly in n eed of such tables, in
order to r educe temperature means to true m eans, and he is
frequently unable to select the best stations for such a purpose.
Even a man who is fortunate enough to have access to the library
of one of the large meteorological establishments will find himself
compelled, in order to reduce a single station, to spend an
inordinate amount of time in finding out the proper tables of
reduction, inasmuch as he has to search through several voluminous publications in order to discover them.
Moreover, the theoretical meteorologist would find it a great
assistance in all his investigations into the diurnal range of
temperature, and into all t hat depends thereon, if he were
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provided with a gen eral conspectus of results of all the observations on this phenomenon over th e g lobe.
For t his reason I ven tu r e to submit to the Committee that it
should r ecommend with emphasis to the chiefs of the differ ent
central olfices that they should coll ect and publish in an easily
accessible form (and n ot m erely in their annual r eports- Jahrbiicher) all the tables of the diumal range of temperature for their
area, or, better, for their country.
As a single page 4to. can easily contain t he data for two stations,
16 stations will come to eight pages 4to. or 16 pages 8vo., so that
the expense cannot be serious.
The h ead of each system is bei:lt able to select such stations as
fairly represen t t h e conditions of his country (if he has at his
disposal more results than can easily be published), and can give
in th e introduction very useful particulars as to the situation of
t.h e stations, exposure of t he instruments, &c.
'rhese publications sh ould be printed in an uniform shape and
size, viz., that of t he publications of the International Polar
Stations, so that they can be bound up together, and about a
hundred copies of this should be on sale by booksellers, so that
they may be easily accessible to an y worker on climatology.
It would be also of great importance to g ive in this publication
stations which do not belong to any exten sive system.
Possibly the Comm ittee migh t find some exper t who would be
ready to calculate the d aily range for such stations. It is most
probable that some learned society or academy would publi sh the
r esults for such stations in the proposed form if the Committee
w er e to r ecommend th e step.
Such a collective work on t h e daily range of tem perature all
over the globe, as far as th e observing stations exist, would be of
the highest value for the progress of meteorology and climatology,
and would not be w ithout importance for the geographer.

APPENDIX XV.
ACTINOMETRY; BY HOF RATH Dit.

J.

HA£ K.

The Committee is requegted to insist upon the high importance
of t h e registration of the intensity of solar radiation at various
latitudes, and in various climatic areas, on some m eth od which
admits of reduction to absolute me<tsures.
It is only in thiR way that w e can attain a knowledge of the
thermal economy of the atmosphere.
The Committee should recommen :1 the continuation of experiments in the construction of an actinograph, furnishing indications
reducible to units of h eat, and should request the heads of
meteorological systems to encourage actinometricitl investigations
over their areas.
5991-21
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APPENDIX XVI.
THE

INSTALLATION OF ANEMOMETERS ON LEVEL GROUND
UNDER IDENTICAL CONDITIONS; BY M. LEON TEISSERENC
DE BORT.

The m ethods for d etermining exactly the velocity of the wind
have been the subj ect of numerous discuss' ons at several of tho
international meetings, and 1hese discussions h a ve been chiefly
devoted to the choice of instruments and th6 mode of calibrating
them .
Thanks to the incl'casing progress m ad e in the application of
m echanical principles to self-reco rding apparatus, and thanks
also to the care ·w hich is tak en at most of t h e principal m eteorlogical stations to.Jake off in a simnltan eous m '.tnner the indications
of different anemometers, we may- feel assured wh en w e compar e
t h e published fi gures that the differ ences between clifferen t
instruments tend to r eel nee th emselves graduall y . l n certain
cases th e indications of the in st.rnments ar e so far comparable that
w e may without great incon venience snbst.itute the indications ot'
one for those of another. I shall quote in particular, in this
connexion, the two instruments employed at. th e Bureau Central
MetP.orologique, at the stat:on on th e Eiffel Tower, by M. Angot,
the Ri<"harcls' and the H.obinson's an emomet ers, and the analogous
instruments on the tnLTet at 'l'rappes.
We may therefore consider that at t h e presen t mome11t we
kno-w, for a sufficieni.ly large number of stations, th e velocity of
the wind (with an approximation not yet determined, bu t which,
as it appears to m e, cannot IJe less than ·wit.hin 15 per cen t.) for
the strata of aie in w hich they a.re placed . It now becomes
indispensable, if we wish to proceed to general conclusions, to
secure the installation of an emome ters in air strata ·which move
und er comparabl e condi tions, a.ml it is on this last point that
I wish to insist.
A t most of th e ub::;L'l'v<itori e~; t h (~ pret:a n tiuu h as fuL' ::;o me
time been taken t.o in stall t h e a n emometers on towers, turrets,
masts, &c.; but, w ithout speaking of the absolute altitude, which
is naturally vari ed-

(1.) The aititude of t h e instrument above th e ground is
variable.
(2.) The r elative contour of t he grnuncl around the stations
is different in the different azirnut.11s.
This last circum stance plays a most importan t part, as is shown
by t.he very inten •stiug research es lately carri ed out in England.
As to the effect of t h e h eight of the cups above the ground, I
shall report h ere t hat :
At the observatory for tlynamical meteorology, we have tak en
care, for several years, to record t h e velocity of the wind on the
top (191 m.), and at the foot (171 m.) of the turret, at the epochs
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of direct observations which take place several times a day. It
appears immediately that the relation between the velocities ab0ve
and below is absolutely variable with tbe different characters of
the weather. With a rather fresh S.W. wind the velocity is much
greater above than below, in fact double as great, while the two
arA nearly equal with a N.E. wind and a high barometer. I have
noted the same phenomena as between the Eiffel Tower and the
Bureau Central Meteorologique for several years past. The
frequent employment of kites, which at once draws the attention
to the phenomenon, shows that it is so striking that it attracts the
notice of the workmen assisting in the experiments.
It will therefore be understood that it would be illusory to .
endeavour to obtain accurate results from comparisons between
anemometrical values obtained at different heights above the
ground, especially if these heights are small. On the contrary,
it would be feasible to erect, at a moderate cost, at some point!;,
comparable stations, either in a large flat country, or on a largish
level space clear of obstructions, a small wooden tower of
scaffolding poles of 20 metres high (this height is easily to be
reached with foe timber generally used), carrying small masts or
pipes raising the anemornete1·s 2·f>O metres above the kip platform.
It is easy to get at the instrument by means of a sort of ladder to
enable you to attend to it. Precise data as to the velocity of the
wind could thus be secured in the course of a few years.

I therefore ask the International Committee if these propositions
appear to them to be justifiable, and I hope for a favourable
response.
1. To prepare for tbe coming Conference a report on the
different anernometrical stations in every country,- with information as to their altitude, topography, &c.
2. To make attempts, as soon as possible, to establish at certain
points modest anemometrical stations like those above dei:cribl'd,
even if the observations at these points could not be carried out
at all seasons of the ;year.

APPENDIX XVII.
THE USE OF 'rHE WE'l' AND DRY BULB 'rHERMOMETERS . AT
STATIONS OF THE SECOND ORDER; BY DR. J.M. PERNTER.

The psychrometer had not been invented when de Saussure,
more than a hundred years ago, affirmed that every one would
revert to the hair hygrometer after having tried all the other
instruments.
However, at the present day, the psychrometer appears to have
dethroned the hair hygrometer. All the world believes that in
the psychrometer they possess an excellent instrument, accredited
by theory, and based on a theoretical formula, deduced by a
5991-23
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very pretty mathematical calculation. It is true that Regnault
gave a severe and just criticism of that formula, nevertheless he
accepted it as an empirical expression, and he endeavoured to
find the pyschrometric factor A, by a long series of experiments.
Although this factor changes considera.bly with the velocity of
the wind, it has been been considered to be correct to take the
mean of all the values corresponding to different. velocities of the
wind, as if it had been the arithmetic mean of numbers obtained
under the same experimental conditions. In consequ~nce of t~is
inaccurate procedure psychrometrical tables have been calculated,
and from them the values of humidity and vapour tension have
been calculated, without taking any account of the wind, and yet
its influence might doubtless be eliminated by some artificial
modification of the constant.
I shall now gi \'e an example by calculating the humidity F and
the vapour tension e by the psychrometric formula for different
air temperatures, with three different values 0·0006, 0·0008, and
0·0012 of the factor A. The first corresponds to a velocity of the
wind equal or superior to 3 metres per second. The second is
n early the same as that of the psychrometrical tables in use, and
the third satisfies the condition of calm. Here is the result of
the calculation : -

Je

t = 32

t' = 25

t = 29

t'=25{

lF
11

F

e
t = 27·5 t' = 25 { F
t = 20

f = 15 { e

A= 0·0006
··· 20·81
··· 59
21·98
•••
... 74
··· 22·55
... 83
··· 10·74

F ...

t = 18

t' = 15 { e ···

t = 17

t' = 15 { e

t = 14·5

f=lOJe ···

F ...

···

F ...

IF ...

t = 12·5 t'=lO{eF ...
...
t = 11·5 t' = 10 (I eF ...
...
t= 5

t' =

2 { e ...
F ...
'> {

e ...

t= 3·8 t' =

,_,

t= 3·2 t' =

2 I e ...

F ...

tF

...

6~

11·51
75
11·90
83
7·40
60
8·17
76
8·56
85
4·11
63
4·57
76
4·81
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0·0008
19·92
56
21·44
72
22·23
82
10·15
58
11·13
73
11·64
81
6·82
56
7·85
73
8·37
83
3·73
57
4·34
73
4·65
81

.

0·0012
18·11
51
20·-!3
69
21·59
79
8·81
51
10-35
68
11·13
77
5·66
46
7·21
67
7·98
79
2·95
45
3·88
65
4·35
76

1 a' l•l al :n two 01· _linary ca;;es with Fohn : llJ

t'

=

4 { e ...
F ...

t= 5

t'

=

0 { e ...
F ...

l

=

4·14
45
2·64
41

J·50
38

2·00
i11

·without discussing these results it is easily seen that the
unventilated psychrometer gives, with the psy chrometrical tables,
vatues which almost al way:-; v<iry so muc h from the truth that it
is impossible to attribute to the p,;ychrometer th e character of a
stanclanl i n:;trnmen t fm the Lletenninat.ion of Ji umidi ty, in the
d egree to which i t has been thought right to consider it so.
D e Saussure t.h creforu, was right, for w e shall have to r eturn
again to the hair hygromet er, which has also the advantage of
giving good values of humidity, when the t emperature is below
the freezing point.
I know well ~hat all m et eorologists will not agree with. me, but
without having r ecourse to ven tilation, it is certain that we shall
not b e able to preserve the psychrometer from discradi t, notwithstanding the elegance of th e theory on which it is based. Belli
had already recommended the addition of an aspirator to the
psychrometer, and Regnault hall established the fact that the
influence of the variable ve locity of the wind is reduced by the
rotation of tlw psychrometer round its axis. Later it- has been
proved by Sworykin that the fact01· A remains sensibly constant
when the velocity of the wind passtis a certain limit. Accordingl y
ventilated psychrometers have b een constructed so as to secure for
the observations a velocity of aspired air of at least 3 metres per
second. In America recourse has b een had to the sling psychrometer . The factor A has b een d etermined for these instruments,
and has been found to be constant, enough for UR to be assured
that the ventilated psychrometer gives values for air humidity
which are very close to the truth.
It must not, however, be forgotten that thP. psychrometric
formula is purely empirical for the ventilated instrumt>nt, much
more so than for the ordinary arrangem ent. After the publication
of b eautifn l investi gationH of Max.well and Stefan for calm air, an
attempt has b een made to apply thP formula to the case of air in
motion. Aft.er all these at.tempts we find ourselves obli ged to
return to th e conclusion arrived at by Regnault., who give th e
subjoin ed criticism of the p~ychrom e t.er and of the formula in the
following words :-"The psychrometer should be considered to be

an empfrical instn.tment analo,qnits to the hafr hy_q?"Omefer of
S(ms .m re." (Gomp tes R endus, XXXV., p. 938.)
On the other hand, the employment of ventilated psychrometers
at stations of the second order is practically impossible. On t his
subj ect I shall again cite what Regnault has said : " If you give
to th e psychromet er a rapid movement of rotation in a circle
round a vert ical axis, you reduce the action of the variable motion
of the air, and the infiuence of local conditions, but yun destroy

the shnp licity which 'is the 1n'1·11cipal m ei·it of the psychrom etrw " ;
and furth er on : "I shall also r emark that in operating as M. Belli
proposes, the observation of the psychrom et er gives rise to an
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operation at least as complicated as t.hat observation of the condensation hygromeh:> l', and I cannot see any reason for preferring
its use to that of the latter instrum ent., of which the indications
are absolutely correct.." _(Comptes R 1'1 1d11,s, XXXV., p. 936.)
In fact., even t lie most complete accuracy of its indicationR is
not enough to make an instrumen t applicable to the nse of
meteorological station s. Our observers r equire an instrument
simpl e in its construction, in its installation, and in itR m anaf;em ent and observation. This observation itself should not take
up more time than is wanted for a simple r eading of the
instrument. \Ve should find only a very fe,v observers who
would be ready to engage to make three times a day a true
physical experiment. It is the absence of simplicity in the
ventilated psychrometer which has confirmed us all in the opinion
that it can never be introduced generally at our stations.
We arrive, t.herefore, at the following conclusion :-The
unventi'lated psychrometer, with the tables it requires, gives
values too discordant with the truth for us to accept it as a correct
instrument ; the ventilated psychrometer gives values correct
enough, but it does not possess the simplicity n ecessary for our
meteorological stations. We must, therefore, seek for another
hygrometer which is easily m anaged and is simple for these
stations. Such an instrument already exists. It. is the hair
hygrometer which will r eturn to the place of honour, as Saussure
foresaw.
At the first International Meteorological Congress at Vienna, in
1873, the question of the r elative m erits of thA hair hygrometer
and the psychrometer was discussed. M. R. Wolf, of Zurich, had
prepared an experimental memorandum for the use of the Congress
entitled "Psychrometer or Hair H ygrometer." The conclusion
of the report, drawn up by Cantoni, and accepted by the
Congress, was that it was useful, and to be r ecommended that the
hair hygrometer should be u sed in addition to the psychrometer.
At that time it was feared that the hair hygrometer, unless
controlled by the psychrometer, was too uncertain a.nd variable.
But since Koppe has investigated the hair hygrometer these
difficulties have been overcome. The self-recording hair
hygrometer has yielded very satisfactory results; so that we can
without the least h esitation confine ourselves to the use of the
hair hygrometer, if we check the point of complete saturation,
100, from time to time by the simple m ethod proposed by Koppe.
Accordingly we know the humidity by the direct indications of
the hair hygrometer, and from it we can easily find the vapour
tension. The tables required to reduce the observations to values
of vapour tension are, at the same time, very short, and are
applicable to all instruments and all conditions of the atmos. phere.
The accuracy of the r esults r eached in this way is certainly
great er than those from the unventilated psychrometer, and are
possibly lesl!! accurate than those from the ventilated instrument.
I feel myself therefore justified in recommending to my colleagues
the use of the hair hygrometer at the m eteorological stations of
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the second order . Meanwhile I r ecognise the n ecessity of a new
and t horough inquiry, and an experimental verification of the
hair h ygrometer , which I hope shortly to carry out.
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EKHOLM,

APPENDIX XVIII.
ON THE CABLE TO ICELAND;

BY DR. PAULSEN.

In a paper, Sur les tempetes de l'Attantirjite 8eptentrional, &c.,
published in Copenhagen in 1880, M. Hoffmeyer, at that time
Director of the Meteorological Institute of Denmark, pointed out
the great importance to the sci ence of m eteorology and its
practical application, of the establishment of a system of daily
observations, and the publication of daily reports for the r egions
of the .North Atlan tic, which do not as yet possess telegraphic
facilities. With this obj ect h e proceeded to point out that among
t)le important spots which should be connected by international
cable with Europe were especially the Azores, the Bermudas, the
Faroe Islands, Iceland, and Greenland.
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Meteorologists w er e not slow to recognize the importance of the
investigation M. Hoffmeyer had carried out.. Scarcely six months
aft.er th e avpearance of his paper the Internation al Committee at
its m eeting at Berne, in 1 8~0 , adopted the following resolution :"The Committee, without examining the practical details of
t.lrn quest.ion, fully agrees with Captain Hoffmeyer that
the establishmen t of telegraphic communication with tlrn
Faroe Isles and Iceland, with Greenlanrl and with t.h e
Azores, would be of the highest impor tan ce for the
progress of the sci ence of weath er-forecasting in Europe,
and expr esses its h opes for the r ealization of the scheme."
In order to realize the sch em e large sums were r equhed, and
one could not. t hink that the problem was at once to be solved.
Nevertheless, m eteorologists did not lose sight of th e subj ect at
their subsequ en t gatherings. When the Internation al Committee
met at Copenhagen in 1882, the following r esolution was unanimously adopted : "The Committee, with reference to th eir former utterances
on the subj ect, consider that storm warnings cannot
realize all the aJ vantages which may be anticipated from
' th em until r egular telegraphic communications are
established with the stations situated to th e ·west of
Europe, viz., Iceland, America, and the Azores. The
prospect of th e establishment of this n etwork does not ·
appear to be n ear at band, but the Committee is of
opinion that a cable uniting Iceland to Europe would
meet th e requirements which are most urgent; th ey
therefore recommend such an undertaking, and r equest
M. Hoffmeyer to draw up, for distribution by the
executive officers of th e Committee, a m emorandum which
will set forth the general inter est of the scheme."
A t the Meteorological Conference at Munich (1891) the question
was again brought forward by Dr. Neumayer, Director of the
Deutsche Seewarte, who pointed out at the m eeting of
September 2nd how importan t it would be to realize M. Hoffmeyer's scheme, and was warmly applauded by th e meeting.
Encouraged by what had been said at the meeting at Berne, and
by the promises which several members of the Committe had had
the kindness to m ake, viz., to endeavour to obtain from their
respective Governments an effective support of the project, the
Danish Government set vigoroliiily t o work in 1881- 2 to organize
telegraphic communication b etween Great Britain, the F aroes, and
Iceland. With this object it addressed itself to th e Great Northern
Tel egraph Company, w hich has its h ead -qu ar ters in Copenhagen,
in the hope that its gr eat telegraphic system of submarin e cables
in the north of Europe might be able to secure the r ealization of
the sch eme.
All these efforts failed, for such an enterprise could n ever be
self-supporting, owing to the slight commercial importance of the
Faroes and Iceland, and th e sparseness of th eir population (13,000
and 70,000 respectively). Another difficult y was the great outlay
requisite to maintain the cables in the waters of high latitudes.
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No one would take up the schem e unless i t w er ~ su ppo1·ted by
substan tial financial assistance from the Governments interested.
Unfortunately none of the approaches m ade in this uirection met
with any encouragement.
However, since that date the Azores, Rernrnda, and the
Shetlands have been connected with the international telegraphic
system.
A glance at the map will show that th e observations in the
above-named stations, conjointly with thnsP al1·0wl.1· ex.if<ting on
the west coast. of Europe, in N ewfonndland, and Oll the east coar;t
of Amcwica, n earl y co mplete a semic ir ch~ ro 111Hl 1he port.ion of the
Atlantic which is daily traversed by t.h e cro wd of ships engaged
in th e mail service, in emigration, and in the ent-rmous commerce
bel we en .Emope on the one side and the United ~tates and Canada
on th e other. In order to complPte the circle it is only n ecessary
to include in it t he Faroes, Iceland, and Greenland ; but the last
named country is practically inapproachable by a telegraphic
cabl e, on account .of th e amoun t of ics on its coas:s. If we could
only succeed in closing the curve by means of the Faroes and
Iceland, we sh ould evid ently suppl y meteorology with daily
reports from all the observatories round the circle, and s.h ould be
able to state the actual conditions of the weather over th e northern
r eg ion of the Atlantic Ocean, and to issu e forecast-s of weath er
with much greater certainty t han '"e can at prest'n t. H is
impossible to rate too highly the services which su ch an organizat.ion would r end er to the navigation and the commerce of
the two continents, as well as to the navigfl.tion along the coasts
of both o f them, and to their agricultural interests. It is not
too much to say that, from one side of the ocean to the other,
the great centres of n avigation and of commerce will soon come to
consider a daily weather chart of the Atlantic Ocean to be quite as
indispens::i,ble as is t h e daily publication of the courses of
.Exch ange at th e present day.
·
In the opinion of th e Danish iVIet.eorologic tl Institute, the
moment has now arrivecl to r ealise t he establi shm ent of t.he
cable to the Fiiroes anrl Iceland, a•1c1 the chances of success have
materially impro-ved. Acconl in ·~l y · the D.mish Government. has
again made application to the Great Northern T el egra1Jh Company,
and this latter h as evinced a great amount of disinterested ness
in proposing to lay, manage ancl mc1.intain a telegraphic cable,
starting from th e Sh etland ! :;:lands, wi th the authority and
support of t h e British Government., touching at the Faroes, and
landing in Iceland e ven, if the Government would procure
guarantees, even ver y moderate ones, for raising the capital, and
r eplacing it in t h e inter val of about ;m years.
The calculations, which have been carefnlly examined by the
Danish Government, state that £120,000 would l;e the minimum
cost fo r lay ing the cable to Iceland and establishing an air line
of telegraphs between the m eteorological stati ons on the east,
north, and west coasts of that large island. If w e put the interest
of the capital as low as J per cen t. and fix the term of it s replacement at 28 years, thes e twu services will r equire about 6 per cent.
per annum, or annually £7,200 for 28 y ears. The cost of k eeping
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up of the cables will be £3,200 a year, and a somewhat similar
sum is required for maintaining the tel egraphic stations, etc.
This gives a total of about £13,600 p er annum.
The commercial husiness will be insiguificant and the receipts
fro1Jl it almost m't for a number of years, but we may feel some
confidence, an<l wait until w e me them rise in the long run, and
the Great Northern Telegraph Company is prepared to undertake
the cost of keeping up and administering the cables, provided
that the above-mf'ntioned revenue of £13,600 a year is guaranteed
to them for 20 yrars. In other words, it gives up all claim for
the last eight years of the term of replacement of capital for all
succeeding years.
The Governments of Denmark and of Iceland as well as the
legislativfl bodies of both countries, consider the conditions so
favourable, and attach such importance to the affair, that they
have promisecl to the Company an annual subvention of about
£5,000, but there remains still to be made up the balance of
£8,600 a year.
The sacrifices which the Dani8h Government has already made,
and the fact that it is also ready to undertake the hyclrographic<:Ll
researches required for laying the cable, makes us hope that other
Governments will be disposed to follow this good example, on a
more moderate scale, if their respective Meteorological Offices
will make the demand. We propose to approach the subject in
the following way. The Meleorological Institutes which are
most interested in learning the condition of the atmosphere
over the North Atlantic should ohtain from their Governments
authority to subscribe an annual sum to be continued for 20 yflars,
and will rPceive daily telegraphic weather reports from the
Faroes and from Iceland. These telegrams will be tr:-msmitted
gratuitously over all the lines of the Great Northern Telegraph
Company for the 20 yrnrs above-mentioned, and after. It is
evident that the greater the number of subscribers, the less will
be the amount of subscription for each.
We only propose to cqunt provisionally .a s subscribers the
following Institutes:

First mtego1·y.-Great Britain, France, Germany, Russia,
Austria-Hungary, Italy, and the United States of America.
Second categ01·y.-}forway, Sweden, Belgium, Spain, Portugal,
and Canada, without counting Denmark, becanse it has a.heady
promised its contribution as above mentioned.
If, for example, the large States were to subscribe £800 a. year
each, and the small ones £400, the grand total would be £8,400
year. Supposing that any of the States enumerated declined to
support the scheme, the deficit would be covered by slightly
increasing the amount paid by certain States, such as Great
Britain, France, Germany and Norway, which are strongly
interested in the fisheries and commerce of Iceland and the
Faroes.
At all events it is evident that as an example we have represented as above a distr~bution of the several proportions. It will

a
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always be possible to modify this. The chief matter is to raise
the money required.
The Danish Government undertakes to found the meteorological
observatories which are necessary in the Faroes and Iceland . .
Moreover, in return for the concessions it has made to the
Company, that ,;ame Govel'llment will reserve to itself the right
of superintending and cor1troliing· th e laying and administration
of the lines, so that the service shall leaYe not hing to be desirecl
within reasonable limits . In case of failure the Government will
reserve to itself the right to ktk e over thfl entire system, if the
management provided by the Company should show itself to be
inefficient.
'l'he Danish Meteorological Institute is full of confidence in the
interest which several Institutes have evinced for _the matter, and
as it enjoys the support of its Government, it ventures to put
forth the proposal above stated in order to hasten its r ealisation,
and it requests the parties inter ested to be so good as to tul'll the
project over in their minds, and, when the time comes, to draw
the attention of their respective Governments to the plan.

APPENDIX XIX.

EXPLANATORY NO'l'mS ON 'l'HE PROPOSAL MAD:M BY VON llNZOLD
AND NEUMAYER WITH REFERENCE TO THE PUBLICATION
OF TEN-DAY REPORTS OF THE WEATHER.

There is no doubt that meteorologists feel a great desire to
receive, as e:i.rly as possible, intelligence as to important nonperiodic variations of weather, over a more extensive area than
is now available. Up to the present date, however, we are
forced, if we want to study weather anomalies lasting for a
long time, and affecting a considerable area, to search through
volumes of annual publications. 'l'hese do ·not. come out until
long after date, ancl until a time when the personal impression of
the meteorological events, aml the actual interest in them has,
in a great measure, faded away.
·
Researches which have been prosecuted by l\fl\L Blanford,
'l'eisserenc de Bort, Hildebrandsson, Eliot, Koppen, van Bebber,
and others, on the dislocations of, and the variations of, intensity
in the great centres of action of the atmosphere, have given life
to systematic enquiries into the subject. The work_ which MM.
Pettersen and Meinardus have carried out, on the meteorological
relations between the North Atlantic and Europe, have shown
clearly that by similar enquiries we might achieve the discovery
of the actual connexions between the consecutive anomalies of
w eather. It is needless to say more as to the necessity and the
utility of prosecuting these r esear ches.
But the continua.nee of this work will require a mode of
publication of observations which is more convenient ancl more
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prompt than at present.. The observations should cover a
considerable portion of the globe, and a period long enough to
eliminate local and secondary influences.
The reflections above stated have led us to propose the following
scheme.

1. If the central meteorological offices of Europe and America are
ready to supply the n ecessary contributions, the D eidsche S eewct1'te
undertak es to publish ten-day reports of the weather for the belt
of the North Temperate Zone comprised between the east coast of
North America, and the Pacific coasts of Asia, three times a
month, i.e., on the twentieth clay after the termination of each
decade, or on the lst, llth, and 2lst of each month.
2. Each International Ten-clay w eather report ·will contain :a. A table of ten-clay mean values, actual and normal, of
pressure (to O·l mm. r educed to sea-level and lat. 45°),
of temperature (to O·l C.), and of atmospheric precipitation (to millimeters) for some 90 stations.
For 8 oth er mountain stations the barometers will
no t be reduced to sea-level.
For 4 additional sea-coast stations the temperature of
the sea surface will alone be given.
b. A tabular and graphical summary of the ind i vicl ual
observations of pressure, sea temperature, force and
direction of wind, and, if necessary, of drift ice in
the tracks of steamers between the Channel and
North America.
c. A chart on which will be given for each station, the values
of pressure, and th e Jiffer ences of temperature from
the normal.
d. A i:pace reserved for notices of extraordinary phenomena
.(such as squalls and storms, cyclones, and extremes of
heat and cold), ar,d for observations on the depth of
snow at the commencement of each ten-day period.

:3. A list of the proposed stations, 102 in number, arranged in
the order of the Bulletin, is given below. ln that, preference
has been given to stations which send daily telegraphic reports to
their own central offices.
4. The central offices are to undertake the immediate calculation of the ten-day valu8s of pressure, temperature, and rain, for
their own stations, and will forward them to the D eidsche 8eewct1'te
by post, at latest on the third day after the conclusion of the period.
5. The normal values for each ten-clay period are also to be calculated by the central offices.
It would be well to take, once for all, as a point of departure,
the same period, viz., 1861-90.
6. From time to time apptndices will appear which will render
it possible to fill up lacimce arising from delays in receipt of
reports.
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I. In summer the communication with Greenland being established, the ten-day bulletin may be completed by observations
made at several stations in the Fii1·oe Islands, Iceland, and Greenland, as an appendix, in case of the delay in the transmission of
these reports. With the co -operation of the Meteorological Institute of Denmark, it will be possible to give, at the beginning of
the summer, a supplement giving all the ten-day values for these
stations, for the period of the preceding ·w inter.
The subjoined table of stations, arranged in geographical order,
will give an idea of the work apportioned to each central office :LIST OF STATIONS.

1. U.S. TVeather Bur·eau, Wctshinyton, D.O.
Merida, Colon, Kingston, St. 'l'homas, Barbados, Portland (Or.), San Francisco, San Diego, Phenix, Salt
Lake City, Miles City, Dodge City, Galveston,
Duluth, St. Louis, Key -west., Jacksonville, Washington, Boston, Blue Hill, Edmonton, Minnedosa,
Toronto, Father Point, Sydney, St. John's, Bermuda
2. Observatorio do I nfante Dom L uiz, L1:sbon.
Angra, Funchal, Lisbon
3. Inst1:tuto Central J1eteorol6g·ico, .i.l1ctclrfrl.
Cornnna, Madrid, Mahon . . .
4. Bitreau Central .Meteorolog'iqiw de France, Pa1'1·s.
Oran, Biskra, Tunis, Iles Sangninaires, Clermont, Paris,
St. Mathieu, Pie du Midi, Puy-de-Dome
5. JVIeteordlo,q ical Office, London.
Valencia, Hurst Castle, Fort William, Beu Nevis, Sumburgh Head, Lenvick . . .
6. Norsk Jfeteorologislc Instdut, Ghristiania.
Skudesnaes, Christiansund, Bodo, Vardo, Fruholm,
Udsire
7. i.l feteorologislca Central-A nstalten, 8tocklwlm.
Stockholm, Haparanda
8. U.fficio Gentrale di :.licteorologi·a e d·i Geodinwnica, Rom e.
Milan, Naples...
9. J.11.eteorologische Central Anstalt, Zurich.
Santis ...
10. Gentral-Anstalt fur Meteorologie und Erdmagnetismits, Vienna.
Klagenfurt, Hoch-Obir, Vienna, Lesina, Tarnopol,
Athens, Constantinople, Alexandria . ..
11. Ungarische R efrhs-Anstalt fur 1l1eteorologie und
Erdmagnetismus, Budapest.
Szegedin
12. .Meteu1·ologi'sche Ccntralstation, 1S'ujia.
Sofia
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13. Meteo1'0logisches Institut, Bu.chcwest.
Bucharest
14. Nederlandsch Meteo1·ulogisch Instituu,t, de Bilt,
Ufrecht.
The Helder
15. Dansk Meteornlogisk Instititt, Copenhagen.
Skagen, Bornholm . . .
16. Deittsche Seewarte, Hamburg, imd Preussisches Mete01·ologisches Inst-itut, Bm·lin.
Keitum, Neufahrwasser, Magdeburg, Bracken, Breslau,
Schneekoppe, Bamberg, Friedrichshafen, Heligo·
land
17. Physikalisches Oentml-Observatorium, St. Petersburg.
Tammerfors, Vilna, Odessa, St, Petersburg, Kharkov,
Moscow, Archangel, Astrachan, Viatka, Orenburg,
Yekaterinburg, Batoum, LeAkQran 1 Tashkend,
OmRk, Barnaul, Irkutsk, N ertshinsk, Vladivostok,
Nikolayevsk
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APPENDIX XX.
SUB-COMMITTEE TO CONSIDER THE IMPROVEMENT OF THE
TELEGRAPHIC WEATHER SERVICE.
A PROPOSAL B¥
M.' J. M. PERNTER.

My proposal to nominate a committee for the improvement of
telegraphic whether service is based on the following considerations :The daily synoptic chart of the weather is drawn on the
hypothesis that the observation put down in it are synchronous,
but the difference inte1· se b~tween the times of observation is too
great to be disregarded. In fact, the observations in the different
countrieR are made according to local time, and these may differ
as much as three or four hours. The difference in longitude
between Ireland and Moscow, for example, is about three hours;
the observations being made at Moscow at 7 o'clock and in
Ii·eland at 8 o'clock a.m., so that the difference in time of these
observations, used for the conRtruction of synoptic charts, differs
by four hours. In Austria also, the hour of observation is 7 a.m.,
and that produces for our stations, owing to the difference of
longitude, a difference of time of three hours or more, if they are
compared with observations from England and 11'.eland. These
facts are enough to indicate the actual condition of accuracy of
our synoptic charts. It cannot be proper for institutions of high
authority, like the central meteorological offices, to publish
isobaric charts with data differing so much in time. Moreove1·,
any forecasts, based on such ch~:rts~ will ~n·obablr be ~a,ultr
th~

6991-23
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There is another inconvenience in weather telegraphy, in that
t.ne observations arrive too late. 'The Committee ought to discuss
the means of overcoming this delay. To obtain this object the
Committee should take into considl-lration t.he introduction of the
telegraphic system termed the " circuit system."
For the weather forecasts, a considerable improvement might
be secured if it were possible to receive the noon observations of
a certain number of stations, selected according to the requirements of each central office. In Austria, we already receive such
a message from twelve of our stations, and it consists of a single
word in cypher. It mig-ht be possible to obtain similar reports
from some stations belonging to other systems and the results
would be very satisfactory.
The foregoing are the principal improvements in weather
telegraphy which I have in view. The Committee will no doubt
add other proposals. The importance of the subject is evident.

APPENDIX XXI.
THE

RESULTS OF THE INTERNATIONAI, SIMULTANEOUS
.MAGNETIC OBSERVATIONS OF FEBRUARY 28, 1896, BY
DR. A. SCHMIDT, OF GOTHA.
Among the international simultaneous magnetic observations,
made at the request of the .Meteorological Institute of Prnssia, at
the suggestion of Dr. Eschenhagen, those which were made on
February 28, 1896 (between 6h. and 7h. Greenwich t!me), coincided
with a very great magnetic storm. The observations have been
published, in curves, in the Ergebnisse der magnetischen Beobachtnngen in Potsdam im Jahre, 1896.
This mode of representation, which we were obliged to adopt in
order to avoiJ delay in publication, is not well suited to allow .of
a more careful examination of the causes which produce magnetic
storms.
In order to affect this object, it would be better to determine
the acting forces, and to combine them in a suitable table as
.MM. Ri.icker and Thorpe have clone in their enquiry into local
disturbances, and also Mr. Bigelow in his investigation of the
storm of January 5, 1892.
.M. Schmidt as well as the reporter have already shown, more
than once, the necessity which exists to study magnetic disturbances in this way, and, when we are dealing only with the
horizontal components, to prepare synoptic charts for very brief
intervals of time. For that purpose the demand for simultaneous
observations made at very brief intervals, has been one of the
considerations which has led to the org-anization of such observations.
M. Schmidt has undertaken the very meritorious labour of
calculating the acting forces during the above-mentioned hour of
observations, and laying clown, on charts, the r esultants of the
horizontal components at differen t moments.
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Meanwhile it has not been possible to employ individual
values, for at several stations, owing to insufficient damping, the
free oscillations of the needles were apparent in too many of the
isolated observations, and this led to errors which were far too
great to be negligeable. We then combined the 12 observations
taken in each minute, from O" to 55", and it is the mean of each
minute which has been employed for the calculation of the
vectors. The result was that at the moment of deviations, which
were great, and were changing rapidly, the acting forces at
neighbouring stations converged sensibly to a point situated at
some distance, or emanated from that point, while they had a
tendency to remain parallel during the moments of relative
calm.
""
From this it appears that magnetic storms should be attributed
· to electrical currents which move round centres of action, like the
cyclones or anticyclones of our atmosphere.
At the moments of the greatest agitation of the ueedles these
centres of action should be sought for at distances from the point
of observation which are relatively small, while during the
relative calms, when the vectors are nearly parallel to each other,
we may conclude the existence of a centre of action which is
at some distance.
The velocity with which these whirls displace each other
is nearly of the order of magnitude of 1 kilom. per second.
If we consider the vertical forces also, which permit us to
determine the position of the system of currents according to the
simple law of Ampere, it comes out that we must look for the
currents, at any rate according to the general character of
the phenomenon, above the surface of the ·ground, i.e., in the
atmosphere. Naturally an external whirl, which changes its
intensity and its position, should induce currents in the soil and
in the interior of the earth. This effect may be remarked in the
phenomenon.
A better idea of what has just been said may be found by a
study of the small maps Dr. Schmidt has drawn.
The stations which have been used, and are indicated on the
maps by their initials, are Kew, Utrecht, Wilhelmshaven, Kiel,
Paris, Darmstadt, Gottingen, Potsdam, Pola, and Vienna.
Each map bears on its face the minute to which it refers, and no
other explanation is required. Nevertheless Fig. 5, which relates
to the same minnte as Fig. 4, presents an appearance which is
quite different. This point will be dealt with subsequently.
If this system of vectors be considered, it must be remembered
that, in general, the direction of the current is normal to the
direction of the force. This relation is only approximative because
the observed force is produced not only by the part of the current
which is nearest to the post of observation ; it is in reality the
resultant of all the currents acting at thitt moment over t.he entire
surface of the globe.
5991-23
G2
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Consequently, ·t he more -regular and circular is the whirling
current, the more intense will it be, and the angle formed between
the vector of the force and th e direction of the current will
approximate to a right angle.
We see, in fact, that in particular in Figs. 2, 3, and 6 the lines
of current have an almost circular form, and ar e always normal to
the radii vecto1·es.
If the maps are examined from this point of view it will easily
be rem arked that Figs. 2, 3, ancl 4 tend to agree inter se, and
indicate a whirling motion becoming stronger and stronger.
Fig. 5 also shows a whirling- motion, but at a greater distance, that
is to say, with a more distant centre.
•
F IG. 2.

FIG. 3.

6b. 2m.

6b. 7m.

At the sam e time certain irregularities appear ·in Fig. 5, and
these may be attributed to the more distant whirl. In this way
Fig. 6 has been obtained, which allows us to detect a new circular
F IG. '! .

FIG. 5.

6b . 12m.

6b. 17m.

whirl appearing in the north. The direction of its current is
moreover opposed to that of its predecessor. So it should be
noted th::i.t wliile tile vector_s in Fi~s, 2 to 5 diverge, those whi ch
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refer to the new whirl, and are re presented in Fig. 6, tend to
converge, and the same is perceived in Fig. 7.
FIG. 6.

FIG. 7.

6h. 17m.

6h. 39m.

Numerous magnetic disturbances, noted in the older systems of
magnetic observations, have led to analogous conclusions when
they are studied in the same way.
We can only refer the r eader, for the other considerations
deduced from his observations by Dr. Schmidt, t o his original paper,
Ueber d'ie Ursache der magnetise/ten S trome, which came out in
the number of the iWeteorolog'ische Zeitschr 1jt for September, 1899.
It has appeared sufficient for me to point out h ere the principal
results, in order to show the importance of organizing additional
simultaneous observations, to be studied in the way which h as
b een explained, and which has proved so extraordinarily fruitful
in results.
VON BEZOLD.
ADDENDUM TO M. VIOLLE'S REPORT ON RADIATION.
READINGS OF 0ROV A'S ACTINOMETER, REFERRED TO ON
PAGE 51.
Time.

1.-In Shade

2.-In

3.-In

"
"
"
"
"
"
Sun
,,
"
"
"
Shade

m.
0
0
1
1
2

2
3
3
4
4
5

5
6
6
7

Position of
Incle>:.

I

Differences.

s.
0
30

0

30
0
30
0
30
0
80
0
30
0
30
0

89•8
91°8
93·8
95•9
97'9
99•9
101·8
109·5
120•5
131-1

141'7
152•0
161•4
161•4
163'5

2·0
2·0
2'I

2·0
2·0
1.9

77

u ·o

10•6
10•6
10'3
9·4

The index fixed itself at 163·5, and remained there stationary for several
minutes.
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LIST OF PUBLlCATlONS lSSUED UNDER THE AUTHORlTY
OF THE METEOROLOGlCAL COUNClL.

The list is arranged under the following headings :1. Periodical Publications and Reports.
2. Occasional Publications.
3. Instructions in the use of Instruments.
4. · Marine Meteorology.
5. Miscellaneous Publications.

1. Periodical Publications.
Daily Weather Report.
copies, ld. each.

Subscription, £1 per annum.

Single

Weekly Wea.ther Report. With Appendices and Monthly
Supplements priced separately :-

"'1888. Vol. V. (Official, No. 85.) 4d. per week. Annual
subscription, including Supplements and Appendices,
2ls. 2d.
1889-1900. Vols. VI.-XVII. (Official Nos. 86, 87, 96, 100,
107, 111, 116, 121, 128, 133, 138, 144.) 6d. per week.
Annual subscription, including Supplements and Appendices, 30s.
Monthly Weather Reports :-

1884. (Official, No. 62.) Jan.-March, May-Nov., l s. 6d.
each; April (with two Appendices), 2s. 6d. ; Dec., ls. 9d.
1885. (Official, No. 65.) Jan. to Dec., ls. 6d. each
1886. (Official, No. 68.) Jan. to Dec., ls. 6d. each ..
tl887. (Official, No. 77.) Jan. to April, ls. 6d. each; May
to Dec., in wrapper, 12s.

* The publication of the Weekly Weather Report began in February 1878.
Annual subscription, including supplements and appendices, post paid, 18781883, 12s. 6d. ; 1884-1887, 2ls. 2d.
t The publication of the Monthly Weather Report was continued after this
date as a Supplement to the Weekly Weathe1 Report.
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1. Periodical Publications-cont'inued.
Quarterly Weather Reports :-

1869. (Official, No. 7.) Parts I. to IV. 5s. each.
1870. (Official, No. 9.) Parts I. to IV. 5s. each.
1871. (Official, No. 14.) Parts I. to IV. 5s. each.
1872. (Official, No. 16.) Parts I. to IV. 5s. each.
1873. (Official, No. 19.) Parts I. to IV. 5s. each.
1874. (Official, No. 25.) Parts I., II., anrl IV., 5s. each;
Part III., 5s. 9d.
1875. (Official, No. 30.) Parts I. to IV. 5s. each.
1876. (Official; No. 33.) Part I., 6s.; Parts II., UL,
and IV., 5s. each.
1877. (Official, No. 52.) Part I., 10s.; II., 5s.; III., 4s. 6d.;
IV., 6s.; Appendices and Plates, 27s.
1878. (Official, No. 55.) Parts I. to IV., 6s. each. Appendices and Plates, 28s.
1879. (Official, No. 49.) Parts I. to III., 6s. each;
IV., 5s. 6d.; Appendices and Plates, 27s.
1880. (Official, No. 50.) Parts I. and II., 6s. each;
III., 4s.; IV., 6s.; Appendices and Plates, 28s.
ANNUAL

Volumes:-

Reports of the Meteorological Committee:-

1867. (Official, No. 1.) ls.
1868. (Official, No. 5.) 5d.
1869. (Official, No. 6.) lOd.
1870. (Official, No. 10.) lOd.
1871. (Official, No. 15.) lOd.
1872. (Official, No. 17.) ls.
1873. (Official, No. 22.) 4d.
1874. (Official, No. 26.) 6d.
1875. (Official, No. 29.) 4d.
1876-77. (Official, No. 31.) 3s. 5d.
Reports of the Meteorological Council :-

1877-78.
1878-79.
1879-80.
1880-81.
1881-82.
1882-83.
1883-84.
1884-85.

(Official, No. 35.) ls.
(Official, No. 38.) 5d.
(Official, No. 41.) ls.
(Official, No. 42.) l s. 2cl.
(Official, No. 48.) ls.
(Official, No. 58.) lO~d.
(Official, No. 64.) 18. 2d.
(Official, No. 67.) 4s. 4d.
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1. Periodical Publications-continued.
ANNUAL

Volumes -continued.

Reports of the Meteorological Council-continited
1885-86. (Official, No. 72.) 8d.
1886-87. (Official, No. 75.) 8d.
1887-88. (Official, No. 79.) ls.
1888-89. (Official, No. 84.) 5~d.
1889-90. (Offiqial, No. 91.) 7~d.
1890-91. (Official, No. 99.) 5~d.
1891-92. (Official, No. 104.) 6d.
1892-93. (Official, No. 109.) 8d.
1893-94. (Official, No. 112.) 7!d.
1894-95. (Official, No. 119.) 8~d.
1895-96. (Official, No. 122.) 8!d.
1896-97. (Official, No. 130.) 8d.
1897-98. (Official, No. 136.) llcl.
1898-99. (Official, No. 140.) 7~d.

Observatories and Stati:ons.
*Hourly Readings from the Self-Recording Instruments at the
. . . Observatories under the Meteorological Council:1881. (Official, No. 51.) Part I., 10s. 6d.; Parts II. III.,
and IV., 21s. each.
1882. (Official, No. 54.) Parts I. and II., 20s. each;
III., 22s. 6d. ; IV., 26s.
1883. (Official, No. 63.) Parts I., II., and III., 21s. each;
Pa1·t IV., 30s.
1884. (Official, No. 70.)
Part I., 12s.; II., 10s.;
lII., 10s. 6d. ; IV., 15s.
1885. (Official, No. 74.) Parts I. and II., lls. each;
III., 10s. 6d. ; IV., 12s.
1886. (Official, No. 81.) Parts I., II., and III., 10s. 6d.
each ; Part IV., 12s. 6d.
Hourly Means of the Readings obtained from the SelfObservatories
Recording Instruments at the .
under the Meteorological Council :1887. (Official, No. 94.)
16s.
1888. (Official, No. 97.)
20s.
1889. (Official, No. 103.) 15s.
1890. (Official, No. 105.) 20s.
1891. (Official, No. 113.) 32s. 6d.

* Fo.r the years 1874- 1880 the Hourly Readings were issued in lithographed
form. Price 20s. per annum,
.
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1. Periodical Publications-continued.
Volumes-continued.

ANNUAL

Observatories and Stations-continued.
Hourly
1892.
1893.
1894.
1895.
1896.
1897.

Means, &c.-conti'nued.
(Official, No. l18.) 2ls.
(Official, No. 126.) 24s.
(Official, No. 131.) 24s.
(Official, No. 135.) 38s.
(Official, No. 141.) 37s. 6d.
(Official, No. 145.) (In the Press.)

Meteorological Observations at Stations of the Second
Order:•1876. (Official, No. 33a.)
1877. (Official, No. 3311.)
1878. (Official, No. 39.)
20s.
1879. (Official, No. 45.)
20s.
1S80. (Official, No. 57.)
34s. 6d.
1881. (Official, No. 66.)
35s.
35s.
1882. (Official, No. 69.)
18~3. (Official, No. 73.)
30s.
1884. (Officia'l., No. 78.)
328.
1885. (Official, No. 82.)
3ls.
1886. (Official, No. 88.) ::!5s.
1887. (Official, No. 95.) 24s.
1888. (Official, No. 101.) 22s.
1889. (Official, No. 108.) 34'8.
1890. (Official, No. llO.) 34s.
1891. (Official, No. ll7.) 30s.
1892. (Official, No. 120.) 27s.
1893. (Official, No. 125.) 27s.
1894. (Official, No. 129.) 27s.
1895. (Official, No. 137.) 22s. 6d.
.1896. (Official, No. 139.) 2ls.
1897. (Official, No. 146.) (In the Press.)

2. Occasional Publications and Reports.
ATLAS.-

Meteorological Atlas of the British Isles.
5s. 6d.

(Official, No. 53.)

* The Observations at Stations of the Second Order for 1873-75 will be found
in the Quarterly Weather Report for the respective years.
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2. Occasional Publications' and' Reports-conti1wed.
CONGRESSES, CONFERENCES, &c., Reports of Proceedings :Leipzig. 1872. (Non-Official, No. 6.) ls.
Vienna. 1873. (Official, No. 21.) ls.
Vienna and Utrecht. 1873and1874. (Non-Official, No. 9.)
ls. 6d.
London. 1874. Maritime Meteorology. (Official, No. 23.) 2s.
London. 1876. With Supplement. (Non-Official, No.11.) 2s.
Utrecht. 1878. (Non-Official, No. 13.) 6d.
Rome. 1879. (Official, No. 36.) ls. 6d.
Berne. 1880. (Non-Official, No. 14.) ls.
Copenhagen. 1882. (Non-Official, No. 15.) 2s. 6d.
Paris. 1885. (Non-Official, No. 16.) ls.
Zurich. 1888. (Non-Official, No. 17.) 4d.
Munich. 1891. (Official, No. 102.) ls. 6d.
Upsala. 1894. (Official, No. 115.) ls.
Paris. 1896. (Official, No. 127.) ls.
Report on Weather Telegraphy and Storm Warnings. 1873.
(Non-Official, No. 8.) 6d.
Reports . . . on Atmospheric Electricity, Maritime
Meteorology, and Weather Telegraphy. 1878. (NonOfficial, No. 12.) 2s.
FOREIGN AND COLONIAL STATIONS :Contribution to the Meteorology of Japan.-By StaffCom. Thomas H. Tizard, H.M.S. "Challenger." (Official,
No. 28.) [Out of print.]
Meteorological Observations at the Foreign and Colonial
Stations of the Royal Engineers, and the Army Medical
Department, 1852-1886. (Official, No. 83.) 23s.
Meteorological Observations made at Sanchez, Samana Bay,
St. Domingo, 1886-1888.-By the late W. Reid, M.D.
(Official, No. 89.) 8s. 6d.
Report on the Meteorology of Kerguelen Island.-By
Rev. S. J. Perry, S. J., F.R.S. (Official, No. 37.) 3s.
RAINFALL:
Diurnal Range of Rain at the Seven Observatories in connection w"ith the Meteorological Office, 1871-1890. (Official)
No. 143.) 2s. 6d.
Rainfall Tables of the British Isles for 1866-80. Compiled
by G. J. Symons, F.R.S. (Official, No. 47.) 7s. 6d.
Rainfall Tables of the British Islands, 1866-90. (Official
'
No. 114.) 6s.
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2. Occasional Publications and Reports-continued.
SUNSHINE:-

Sunshine Records of the Unite<l Kingdom for 1881. (Official
No. 56.) 4s.
Ten Years' Sunshine in the British Isles, 1881-90. (Official,
No. 98.) 2s.

3. Instructions in the use of Instruments, &c.
Barometer Manual. (Official, No. 8.) [Out of print.]
Barometer Manual for the use of Seamen. With an Appendix on the Thermometer, Hygrometer, and Hydrometer.
Fourth Edition, 1900, Extensively Revised. (Official,
No. 61.) 3d.
Fishery Barometer Manual. New Edition. 1887. (Official.
No. 3.) 6d.
Instructions for Meteorological Telegraphy. New Edition.
1891. (Official, No. 2.) Prepared for the use of observers
exclusively.
·
Instructions in the use of Meteorological Instruments.
Reprinted 1892. (Official, No. 24.) 2s. 6d.
FORECASTING : -

Aids to the Study and Forecast of Weather.-By. W. Clement
Ley, M.A. (Official, No. 40.) ls.
Principles of Forecasting by means of Weather Charts.-By
the Hon. Ralph Abercromby, F .R.Met.Soc. Second Edition,
Revised. (Official, No. 60.) [Out of print.]

4. Marine Meteorology.
CHARTS.-

Arabian Sea :Daily W P-ather Charts for the period of six weeks ending
June 25, 1885, to illustrate the tracks of two .cyclones in
the Arabian Sea. (Official, No. 80.) 10s.

Atlantic:Charts of Meteorological Data for the Nine 10° Squares of the
Atlantic, which lie between 20° N. and 10° S., and extend
from 10° to 40° W., with accompanying Remarks, ending
with the Best Routes across the Equator. (Official, No. 27.)
24s.
Monthly Current Charts for the Atlantic Ocean. From
Information collated and prepared in the Meteorological
Office. Published by the Admiralty. (Official, No. 132.)
7s.
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4. Marine Meteorology-continued.
CHARTS-continued.
Atlantic (North):Charts of Meteorological Data for Square 3. Lat. 0°-10° N.,
Long. 20°-30° W., and Remarks to accompany the Monthly
Charts, which show the B8st Routes across the Equator for
each Month, &c. (Official, No. 20.) 20s.
Charts of North Atlantic Weather for the Winter of 1898-99.
(Official, No. 142.) (In the Press.)
Currents and Surface Temperature of the North Atlantic
Ocean, from the Equator to Latitude 40° N., for each
Month of the Year. With a General Current Chart.
(Official, No. 12.) 2s. 6d.
Discussion of the Meteorology of that Part of the Atlantic
lying North of 30° N., for the eleven days ending
8th February 1870. With Charts. (Official, No. 13.) 5s.
Meteorology of the North Atlantic during August 1873, with
31 Synoptic Charts. (Official, No. 32.) With Book of
Charts. 15s.
Synchronous Weather Charts of the North Atlantic and the
adjacent Continents, lst August, 1882, to 3rd September,
1883. Parts I. to IV. (~3 sheets each). (Official, No. 71.)
17 s. each part.

Atlantic (South) :Charts showing the Surface Temperature of the South
Atlantic Ocean in each month of the . year. (Official,
No. 4.) 2s. 6d.
Atlantic, Indian, and Pac'ific Oceans :Charts showing the Mean Barometric Pressure over the
Atlantic, Indian, and Pacific Oceans. (Official, No. 76.)
10s. 6d. Supplementary Chart, 6d.
Charts showing the Surface Temperature of the Atlantic,
Indian, and Pacific Oceans. (Official, No. 59.) 21s.

I nd'i an Ocean :Monthly Current Charts for the Indian Ocean. From
Information collated and prepared in the Meteorological
Office. Published by the Admiralty. (Official, No. 124.)
7s.
Indian Ocean (North):Meteorological Charts of the Portion of the Indian Ocean
adjacent to Cape Guardafui and Ras-HafUn. (Official,
No. 92.) 6s.

4. Marine Meteorology-continued.
CHARTS-continued .
. . . . Indian Ocean (South):Cyclone Tracks in the South Indian Ocean. From information compiled by Dr. Meldrum, C.M.G., F.R.S. (Official,
No. 90.) _7s.
Meteorological Charts for the Ocean District adjacent to the
Cape of Good Hope, with accompanying Remarks.
(Official, No. 43.) Char-ts, 25s.; Remarks, 7s.

Pacific Ocean :Quarterly Current Charts for the Pacific Ocean. From
Information collated and prepared in the Meteorological
Office. Published by the Admiralty. (Official, No. 134.)

5s.
Red Sea:I\feteorological Charts of the Red Sea.
2ls.

(Official, No. 106.)

Southern Ocean :Meteorological Charts of the Southern Ocean between the
Cape of Good Hope and New Zealand. (Official, No. 123.)

l2s.
OTHER PUBLICATIONS ON MARINE METEOROLOGY : -

Contributions to our Knowledge of the Meteorology of the
Antarctic Regions. (Official, No. 18.) 2s.
Contributions to our Knowledge of the Meteorology of the
Arctic Regions. (Official, No. 34.) Vol. 1. : Part I., 2s. ;
II., lOs. ; III. and V., 6s. eaeh ; IV., 5s.
Contributions to our Knowledge of the Meteorology of Cape
Horn and the West Coast of South America. (Official,
No. 11.) 2s. 6d.
Notes on the Form of Cyclones in the Southern Indian
Ocean.-By C. Meldrum, M.A., F.R.S.
(Non-Official
'
No. 7.) [Out of print.]
On the Physical Geography of the part of the Atlantic which
lies between 20° N. and 10° S. and extends from 10° to
40° W. A Paper read before the British Association at
Bristol, in August 1875.-By Capt. H . Toynbee, F.R.A.ti.
(Non-Official, No. 10.) [Ou t of print.]
On the Winds, &c. of the North Atlantic along the Tracks
of Steamers from the Channel to New York. Translated
from a Paper issued by the Deutsche Seewarte, Hamburg.
(Non-Official, No. 5.) 6d.
Report to the Committee of the Meteorological Office on the
Meteorology of the North Atlantic.-By Captitin H.
Toynbee, F.R.A.S. (Non-Official 1 No, 2.) ls.
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4. Marine Meteorology-continued.
OTHER PUBLICATIONS ON MARINE METEOROLOGY-continued.

Report on the Gales experienced in the Ocean District
adjacent to the Cape of Goou Hope between Lat. 30° and
50° S., and Long. 10° and 40° E.-By Capt. H. Toynbee,
F.R.A.S. (Official, No. 44.) 7s. 6d.
Routes for Steamers from Aden to the Straits of Sunda and
back. Translated from a Paper issued by the H. Meteor.
Inst. of the Netherlands. (N_on-Ofilcial, No. 4.) 6d.

IS. Miscellaneous Publications.
Harmonic Analysis of Hourly Observations of Air 'remperature and of Pressure at British Observatories. (Official,
No. 93.) 12s.
Report of an Inquiry into the Connexion between Strong
Winds and Barometrical Differences.-By Robert H.
Scott. (Non-Official, No. 1.) 6d.
Report on the Storm of October 13-14, 1881.-By Robert H.
Scott, F.R.S. (Official, No. 46.) ls. 6cl.
Report to the Committee of the Meteorological Office on the
Use of Isobaric Curves.-By Captain H. Toynbee, F.R.A.S.
(Non-Official, No. 3.) [Out of print.]
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LIST OF PUBLICATIONS.
Issued under tbe Authority of the Meteorological CounciL
The list is arranged under the following headings:1. Periodical Publications.
2. Occasional Publications and Reports.
3. Instruction.~ in the use of Instruments, &c.
4. Marine Meteorology.
5-. Miscellaneous Publi-0ations.

i.. Periodical Publications.
Daily Weather Report. (Issued to Subscribers

only.) Subscription, £1 per annum.

Weather Report. WithAppendices and
Monthly Supplements priced separately:"1888. Vol. V. (Official, No. 85.) 4d, per week.
.A.nnual Subscription,iue>luding Supplements
and Appendices, 2ls. 2d.
1889-1904. Vols. VI.-XXI. (Offi0ial, Nos. 86,
a1, 96, 100. io1. 111, 116, 121, ms, 133, 138, 144,
150, 155, 161, 167.) 6d. per week. Annual
Subscription, including Supplements and
Appendices, 30s.

Weekly

Monthly Pilot Ch&rts of the North Atlantic and
Mediterranean. See Marine Meteorology,
j][onthly Weather Report.:1884. (Official, No. 62.) Jan. to Mar., May to
Nov., ls. 6d. each; April (with two Appendices), 2s. 6d. ; Dec., ls. 9d.

1885. (Official, No. 65.) Jan. to Dec,. ls. 6d.
each.
1886. (Official, No. 68.) Jan. to Dec., _ls. 6d.
each.
tl887. (Official, No. 77.) Jan. to A~ril, ls. 6d.
each; May to Dec., in wrapper, Ls.

Quarterly Weather Reports:-

1869. (Official, No. 7.) Parts I. to IV. 5s.
each.
1870. (Official, No. 9.) Parts I. to IV. 5s.
each.
·
1871. (Official, No. 14.) Parts I. to IV. 5s.
each.
1872. (Official, No. 16.) Parts I. to IV. s.
each.
1873. (Official, No. 19.) Parts I. to IV. 5s.
each.
'1874. (Official, No. 25.) Parts I., II., and IV.,
5s. each : Part III. 5s. ~d.
1875. (Official, No. 30.) Parts I. to IV. 5s.
-each.
1876. (Official, .N"o ..33.) Part I. 6s. Parts II.,
III., and IV. 5s. each.
1&77. (Olll.cial, No. 52.) Part I. 10s ; II .. 5s. ;
III., 4s. 6d,; IV., 6s.; Appendices and Plates,

27s.

1878. (Official, No. 55.) Parts I. to IV., &.
each. .A.ppeudices and Plates, 28s.
1879. (Official, No. 49.) Parts I. to III., 6s.
each; IV., 5s. 6d.; Appendices and Plates,
27s.
1880. (Olll.cial, No. 50.) Parts I. and II., 6s.
each; III., 4s. ; IV., 6s. ; Appendices and
Plates, 28s.

1. Periodical Publications-cont
ANNUAL Volumes:Reports of the llieteorological Committee :1867. (Official, No.1.) ls.
1868. (01!1cial, No. 5.) 5d.
1869. (Official. No. 6.) lOd.
1870. (Ofilcial, No, 10.) lOcl.
1871. (Oflicial, No 15.) IO<i•
1872. (Official, No. 17.) ls.
Ufn. (Official, No. 22.) 4d.
1874. (Official, No, 26.) 6d.
1875. (Official, No. 29.) 4d.
1876-77. (Official, No. 31.) 3s. 5d.
Reports of the Meteorological Council:1877-78. (Official, No. 35.) ls.'
1876-79. (Official, No. 38. l 5cl.
1879-80. (Official, No. 41.) ls.
1880-81. (Official, No. 42.) 1:. 2d.
1881-82. (Official, No. 48.) ls.
1882-83. (Official, No. 58.) lO~d.
1883-84. (Official, No. 64.) ls. 2d.
1884-85. (Official, No. 67.) 4s. 4tt.
1885-86. (Official, No. 72.) Bel.
1886-87. (Official, No. 75.) Bel.
1887-88. (Official, No. 79.) ls.
1888-1:!9. (Official, No. 84.) 51d.
1889-90. (Official, No. 91.l 7 d.
1890-91. (Official, No. 99.) 5 d,
1891-92. (Official, No. 104.) d.
1892-93. (Official, No.109.) 8d.
1893-94. (Official, No. 112.)
1894-95. (Official, No. 119.) 8~d.
1895-96. (Official, No. 122.) 8~d.
1896-97. (Official, No. 130.) 8cl.
1897-98. (Official, No. 136.) lld.
1898-99. (Official, No. 140.) ?!cl.
1899-1900. (Official, No.147.) lltd.
1900-1901. (Official, No. 153.) ls. l!d.
1901-1902. (Official, No. 158.) ls. 2d.
1902-1903. (Official, No. 166.) lld.
1903-1904. (Official, No. 171.) (In the Press.)

na.

Observatories and Stations.

tHourly Readings from the Self-Recording Instruments at the . • . Observatories under
the Meteorological Council :1881. (Official, No. 51.) Part I., 10s. 6d.; Parts
II., ill., and IV., 2ls. each.
1882. (Official, No. 54.\ Parts I. and U, 20s.
each ; ill., 22s. 6d.,i IV.Jl6s.
1883. (Official, No. u3.) rarts I., II., and III.,
2ls. each ; Part IV.A 30s.
1884. (Official, No. 7u.) Part I., 12s. ; II., 10s. ;
III., 10s. 6d. ; IV., 15s.
1885. (Of!lcialA No. 74.) Parts I. and II., Us.
each ; III., lus. 6d.; IV., 12s.
1886. (Official, No. 81.) Parts I., II., and Ill.,
10s. 6d. each ; Part IV., 12s. 6d.

•The publication of the Weekly Weather Report b~1;1:an in February 1878. Annual Subscription,
including Supplements and Appendices, post paid, 1878-1<>03, 12s. 6d.; 1884-1887, 2ls. 2d.
t The publication of the Monthly Weather Report was continued after this date as a Supplement
to the Weekly Weather Report.
! or the years 1874-1880 the Hourly Readings were issued in lithogra:t>hic form. Price 20s.
per annum.
[Continued on page 3 of Gover
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REPORT
OF THE

IN TERN'11TION AL METEOROLOGICAL COMMITTEE.

SOUTHPORT, 1903.

MEETING AT PARIS.

c./Yt.f 8.

'rhe following ex-tract from the Minutes of the Meeting
of the Committee held in Pa.ris in 1900, in connexion with
the Meteorologica.l Congress there assem bled, is reproduced for
purposes of reference.
Meeting of th'e Meteorological Committee of September 15th,
1900.
'.l'he Meeting commenced at 2 ·p.m.
PRESENT :

MM. Mascart, President; Davis, Hepites, HilJebrandsson, Mohn, Pallazw, Pau1s-en, P.ernter; Rykatchew,
Shaw, and Snellen.
Invited-to attend for the discussion of special questions:MM. vValz and Chaves.
.
1. MM. Palazzo and Shaw were elected Members of the
Committee in plac-e of MM. Tacchini and Scott, resigned.
2. M. Hildebrandsson was elected to the office of Secretary
to the Committee in place of Mr. Scott, who had performed
the duties of this office since the creation of the Committee
with unfailing zeal, which would always be remembered.
M. Hildebrandsson thanked his colleagues and took his seal
as Secr()tary.
·
3. M. Rucker was re-elected President of the Magneti!~
Committee.

4. On the recommendation of this Committee, it was resolved
that the Directors of the Magnetic Observatories should be
requested to .send to th·e Secreta,:ry of the CommiUee perio<l.ically a list of the days which they consicler-ed calm. Thes·e
documents should be forwarded to the observatories concerned.
5. The Cloud Committee brought forward a request that
the Directors of Meteorological Observatories should make
simultaneous cloud observations at times to be fixed in advance
by the Aeronautical Committee. After some discussion, the
Committee instructed the Secretary to inform the Directors
that it was considered desirable to organise such observations
everywhere.
6. 'l'he Aeronautical Committee hav'e exprnssed the opinion
that it is ·desirable for the military ballooning •e stablishments, and the meteorological offices to be requested by their
r espective Governments to take part in the international ascents,
as is .a.lrna·dy <l.,one in ·s-everal countries, .and request the
International Meteorological Commjttee to approach the
French Government with a view to having this resolution carried <Jut in Franoe, and tr.ansmitte<l. fo for.eign Governments
through diplomatic channels.
. The Meteorological Conference, .at a private Mooting held on
f he 'same day, had been unanimous in urging the importance
uf carrying out this request. The Committee requested the
President to officially approach the French Government in
the manner ·desir·e d by .t he Confel'ence.
7. '.11he Telegraphic Sub:Committee submitted the following
resolution to the Committee : " The advantag·es already seclwed by the extension of
the radial system to several neighbouring countries, have
induced the Sub-Committee to propose to the International
Meteorological Committee that they should take steps to
appoint, .with as little delay as possible, a committee consisting of official representatives of all States participating,
to confer with the International Telegraphic Bureau at
Berne, on the most suitable methods for further improving
the meteorological tel egraphic service."
On the motion •of MM. Pernter a nd Rykatchew, the Committee entrusted the President with the task of taking official
iiteps to secure this end.
8. Mr. ·w.alz presented a letter from Mr. \Villis L. Moore on
lileveral meteorokigical questions.
9. M. Chaves r ead a letter from M. Brito Capello, who was
prevented from attending the Meeting.
10. After some discus.sion, the Committee decided that it
would be premature to definitely fix the date of their next
Meeting or of that of an International Meteorological Congress.

The Committee expressed their thanks to Mr. Moore for an
invitation, which h e had sent, to hold a Meeting in \Va shing·ton,
and to Mr. Shaw for a proposal to meet in Lonclon.
The Meeting adjourned at 4 p.m.

MEE'rING AT SOUTHPORT.
PROVISIONAL PROGRAMME.

1. A letter from Sir Arthur Ri.icker on terrestrial magnetism.

2. Report by M. Hergesell on aeronautical ascents.
3. R eport by M. Hildebrandsson on international work relating to clouds.
4. Report by :ThI. Violle on radiation and insolation.
5. Proposals by the 'l 'elegraphic Sub-Committee.
6. Various questions : (1.) 'l'he Royal A·cademy of Sciences of Baxony has
communicated to us the text of the resolutions adopted on
May 14th, 1901, by a Conference of Delegates from various
Academies on the subject of the scientific organisation
of researches relating to atmospheric electri9ity. The
Conference resolved to forward these resolutions to the
International Meteorological Committee.
(2.) M. Paulsen desires to raise a discussion of the
measurement of the ·e lectrical }Jutential of the .atmvsphere
by means of collectors of radio-active salts. He will show
the Committee the .apparatus which the Danish ·expedition for the investigation of the aurora borealis used in
Finland during the winter, 1900-1901.
·
(J.) MM. Pern ter, Snellen, Bill willer, allll P.alm;zo think
that it is important for the Committee to consider all
questions on the programme of the Sub-Committee for
Internat;oual Meteorological Telegraphy. M. Billw;ller
adds that this is not merely a question of arrangement
with the telegraphic services, but also of agreement on
several important points between the various Meteorological Offices.
(4.) In ord~r to diminish the number of unforeseen gales,
it is important to introduce an exchange of evening telegrams on the day of observation, an d thus to organise a
night service. It is further desirable .to ascertain whether
it be possible to introduce su ch .a service immediately.
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What steps would have to be taken to realise this ·,
as soon as possible? (M. Rykatchew.)
(5.) On the utility of including observations c
direction of motion and relative speed of clouds in m.e
lQgical telegrams. {M. L. T·eiss·el'enc de B()rt.)
(6.) Could not the Committee make arrangements .
days of magnetic perturbation, similar to those alreauy
jointly adopted in 1900 for calm. days?
If the days
selected hv the Observatories of Greenwich and Paris were
known sufficiently early, I have no doubt that many
Directors would be willing to publish their figures for the
same days. This is very difficult if the dates can only be
ascertained by special correspondence.
(Rev. J. de
~foid1~y, Zi-Ka-Wei.)
(7.) Discussion of the relation between Meteorology and
AstrQphy;sics; and the desimbility of appointing a Committee to deal with these studies. (Sir Norm.an Lockyer
and Mr. Shaw.)
(8.) Observations on radiation at the principal observaix>ries. (M. Pernter.)
(9.) The substitution of the hair hygrQm€ter for the
psychrometer, in consequence of some interesting experiments mad·e in Austria. (M. P ernter.)
(10.) The resolution adopted by the Conference held at
Copenhagen (1882), that the occasions on which it was
sin.owing, raining, &c., at the hour cif obs·erv.ation, be noted
in the column headed "Amount of Cloud" (nebulosite),
ought to be reconsidered and modified. (M. Hellmann.)
(11.) It would be preferable to measure the height of
the layer of snow on the ground every day at the hour of
.making the morning observation, and to publish this in
. a separate column instead of inserting the symbol [~]
(ground covered with snow) in the "Remarks" column.
(M. Hellmann.)
(12.) The value of the height of the anem-0m.eter above
the level of the' ground should always be given at the
head of all published tables of wind velocities.
(M.
Hellmann.)
(13.) The drawing up of general rules of procedure for
the Meeting8 Qf the International Committee (Feststellung
der Norm.en for die Sitzungen des Internaticinalen
Comites). (M. Pernter.)
(14.) It is necessary to define the relations which should
exist between the Committee and the special Committees
(" Comm..issions ") which it appoints, more definitely.
M. Pernter.)
(15.) The official publication of an international meteorological handbook; containing all important resolutions
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adopted by the various Meteornlogical Congresses ancl Conferences which have met between 1872 and the present
time, together with comments and explanatory notes on
the same. (M. Hellmann.)
(16.) Would it not be desirable for those who suggest
a subject for discussion by the Committee, to draw up and
distribute wmong the Members of the Committoo a short
report on the same, a month before the Meeting ? (M.
Pernter.)
(17.) The convention of a Generq.l Meeting of the
Directors of the different Meteorological·Offices in the year
1905, similar to the Meetings held in Munich and Paris
in 1891 and 1896 respectively.
(18.) How are we to distinguish rain which falls from
fog? (Mr. Rotch.)
(19.) Should snow which is melting as it falls be recorded as snow, or as rain; how should its thickness be
measur·ed in cases in which it becomes appreciabJ.e?
(Mr. Rotch.)
(20.) The de£nition of a thunderstorm, adopted by the
International Conference which met in Paris in 1896, as
the result of a discussion which I had raised. appears to
me to be unsatisfactory. Would it not be better to
indicate by the symbol "I-·. those occasions on which thunder
is heard and rain observed, instead of limiting it to those
It is
on which thunder and lightning are observed?
obvious that if thunder is heard, but no lightning seen,
special circumstances must have prevented the latter from
being noticed. (Mr. Rotch.)
MINUTES OF THE ME:EY.rINGS.
Fi·r.st Meeting, Wednesdiay, Sepfombe1; 9th, 1903.
The Meeting commenced at 10 a.m. in the Council Chamber
of the Town Rall.
PRESENT:

MM. Mascart, President; Chaves, Hellmann, Mohn,
Paulsen, Pernter, Rykatchew, Shaw, Sndlen, and HiMebrandsson, Secretary.
Present by invitation: MM. van Bebber, Hergesell, Rotch,
and Teisserenc de Bort.
Prevented from
Palazzo.

attending:

MM.

Billwiller, Hepites,

lo
1. '11 he President, in opening the Meeting, referred to the
Jeath of iVL Capello, and expressed the regret of the Committee
aL nQ long1er counting· MM. Scott and von HezolJ among thmr
number. He conclud,ed by welcoming MM. Chaves, Shaw,
and Hellmann.
2. Mr. Shaw read a letter from. the Royal Society of London
wishing success to the labours of the Committee and welcoming
them to England (Appendix I.). The Prnsicl,e nt rnturned thanks
in the name of the Committee, who resolved that a letter should
be addressed to the President of the Royal Society.
J. The t:lecretary then read the follo·w ing report: - -Since the Meeting in St. Petersburg in 1899, several of
our colleagues have retired from the Committee, and we
have heard with regret of the death of Admiral Brito
Capello. In the first instance, we regret the loss of Mr.
Scott, who had carried on the duties of Secretary with
great zeal since the creation of the Committee. In his
place the Committee have elected Mr. Shaw as a Member
of the Committee, and M. Hildebranclsson as Secretary.
Further, M. 'racchini has been replaced by M. Palazzo,
Admiral Brito Capello by M. Chav·es and M. von Bezold
by M. Hellmann.

At the Meeting held in Paris on September 15th, 1900,
it was resolved, on the motion of the Magnetic Committee,
that the Directors of Magnetic Observatories should from
time tci time send a list of the clays which they regarded
as calm to the Secretary, and that these lists should be
communicated to the di:fferent observatories. Since that
date, such communications have been sent to the Secretary
by a large number of observatories. The Secretary has
had them copied and distributed to the principal magnetic observatories.
It seems, however, that this duty
ought not to fall upon the Secretary of the Committee
but upon one of the Members of the Magnetic Committee,
which will in future carry out this work, especially if it
should be increased by the present Meeting in accordance
with the I!roposal of the Rev. J. de Moidrey.
In accordance with the request of the Cloud Committee,
the Committee instructed the Secreta.ry to inform the
Directors that it was desired that ·simultaneous observations
of clouds should be made at times previously fixecl by the
Aeronautical Committee. The Secretary communicated
this request to the Directors by means of a circular, dated
lst October, 1900, and since then, the observations desired
have been made at a large number of observatories.
At the request of the Aeronautical Committee and of
the Metoorolog-ica.1 Confer.once, the Committee rnque.ated
the Pr.esicfont to apprxiach the Fr·ench Gove·r mnent and to
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ask it to officially request military ballooning €-Stablishments .an<l meteorological offices to take part in t he international ascents. 'rhe oo-oper.ation vf England .and the
Scandinavian oountrieo was especia.lly <lesire<l, as these
cmmtries .are sit uated on the paths most frequently followed
by disturbances.
'l 1his official application led to no result.
After this, M. Mascart put himself into direct communication with the meteorologists of Scandinavia, and the
outcome of this preliminary correspondence was that he
formally invited Denmark and Sweden to join France in
founding, at joint expense, a station for aerial soundings
in Denmark, on the track most frequented by storms, and
there to carry out their researches in a systematic manner
during several lll()nths. Finally, jI. Teiiss·erenc de Hort,
who has taken so .active a part in this wo-rk at his obse'l:vatory at Trappes, announced that he was willing to lend
the project effective help.
M. Mascart's invitation was eagerly accepted; the three
Governments have each appointed a member of the directorate of the station : M. T·eisser·enc de Bort i 1epr.esents
France, M. Paulsen, Denmark, and M. Hildebrandsson,
Sweden; a large tract of moorland country belonging to
the Manor of H ald, near Vihorg, was gra.tuitously put at
the disposal of tii.e observers by its owner, M. Krabbe;
the station was organised during the spring of 1902, and
work was carried on without interruption, often continuously by day and by night, from July llth, 1902, up
to May IOth, 190:1, und·e r the clirecti()n of M. 'reiss·e renc
de Bort. The observations have already been published,
and we hope that a report on the work will be read before
the Committee by M. Teis·s·er·enc d·e Hort.
On the motion of M. Mohn, the Gonf.erence in Munich,
in 1891, resolved to recommend all meteorologists to give
barometric readings reduced to standard gravity, at latest,
after lst January, 1901. At the request of M. Mohn, the
Bureau sent a circular to all directors in November, 1900,
proposing to put the resolution of the Munich Conference
i,nto practice after January lst, 1901, by adopting the
following measures : 1. The height of the barometer from stations which
report to the Central Offices by telegraph, should
always be reduced to standard gravity.

2. It should oe stated in all published tables of observations whether the barometric heights have been
reduced to standard gravity or not, and the value
of the correction that has been applied to the
readings when the reduction ha G been made, or
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which ought to be applied in the contrary case
should be given.
Almost all countries have now adopted these measures.
(Signed)

E.

M.A.SCART,

H. HrLDEBR.A.NDSSON.

Southport, 9th September, 1903.
4. The President read a letter from Sir Arthur Rucker,
President 0£ the Magnetic Committee, stating that M. Rijkevorsel wished to retire from the Committee on which he
could be more usefully replaced by M. Snellen.
Sir Arthur
Rucker further desired to resign the Presidency 0£ this Committee, on account 0£ new ·duties which he had undertaken.
'r he Committee decided to replace M'. Rijkevorsel by M.
Snellen, and asked Sir Arthur Rucker to retain the Presidency
0£ the Committee. In case 0£ his insisting on retiring, the
Magnetic' Committee should· be invited to appoint a successor.
5. M. Hergesell, President o£~ the International Aeronautical
Committee, r·e ad a report on the work 0£ this Oomm~ttee .
(Appendix II.)
M. Rykatchew made some remarks on this · report.
He
thought it was desirable that the construction and verification
0£ the instruments used should be carried out in the country
where the observations were made. It would thus be necessary
to have in each country an institution whose duty it was to
carry out this work, i;;ay, for instance, the central meteorological offioe·s. These institutilQTuS would hav·e to see that the
in.struments constructed in different oountrie.s yield oomparable
results.
M. 'reissel'enc ·de Bart n~ad a communication on the aerial
soundings carried out at Trappes, and on the work 0£ the
Franco-Scandinavian Station at Hald (Appendix III.). He
handed in a copy 0£ all the observations made at Hald.

Mr. Shaw read a report on the kite observa tions made at
sea by Mr. Dines, in the neighbourhood 0£ Ben Jevis, in
Scotland (Appendix IV.).
Mr. Rotch read a note on his experimenils at se.a which had
been the firnt example 0£ their kind (Appendix V.).
M. Hellmann requested the Committee to- print as an Appendix, a report by M. Assmann on the work of the Aeronautical
Observatory at Berlin (Appendix VI.).

M. Rykatchew stated that he had ni.ade ·some attempts
to ra~s-e kites at sea in the Gulf of Finland at the oommenoement of August, 1903. Experienoe (Jn a day of cabr
and on another of strong wind, showed that it was possible to
work satisfactorily on both occasions.
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6. The Meeting was interrupted £or some minutes by the
presentation of the Members of the Committee to the Mayor
of Southport.
7. Mr. 'Willis L. Moore· took part in the Meeting, and was
greeted by the P11esident.
8. M. Hildebrandsson handed in the first part of his report
on the international work relating to clouds.* M. Rellmann
handed in a volume containing the results of the observations
and measurements of the movement and height of clouds af.
Potsclam in 1896-1897.
9. The President announced that M. Violle had been hitherto
prevented from preparing his report on radiation on account
of family bereavement.
10. On the motion of Mr. Shaw, the Committee resolved to
take part in the Meetings of the British Association on the
mornings of the following Thursday, "Friday, Monday, and
Wednesday. The Meetings of the Committee would be .held
in the afternoon from 3 to 5 o'clock.
11. Question 6.-" Could not the Committee make arrangements for days of magnetic perturbation similar to those already
adopted in 1900 £or calm days r H the days jointly selected by
the Obs,e rvatories of Greenwich and Paris we·r e known sufficiently early, I have no 'doubt that many directors would be
willing to publish their figures £or the same days. This is very
difficult if the elates can only be ascertained by special correspondence." (Rev. J. cle Moicl·rey.)
-After some discussion the Committee resolved : (1.) -That M. Snellen sliould be instructed to receive
and distribute the observations on calm clays, and
(2.) That the question of disturbed days should be
r eferred to the Magnetic Committee.
12. Question 7.-" A discussion of the relation between
Meteomlogy wn,cl Astrophysics; and the desirability of appointing a committee to deal with these researches."
Sir Norman Lockyer h ad distributed a report on this subject
to the Members of the Committee. (Appen<lix VII.)
At Mr. Shaw's request, this question was to be discussed at
a Meeting of the British Association before the question of the
appointme:nJ; of a sub-committee was considered by the Committee. ef..£,,L,
18
The Meeting adjourned at I p.m.
(Signed)
E. MASCART.

f_ .

o The Meteorological Council have arranged with the Council of the
Royal Meteorological Society for a translat,ion of this report to appear in an
early number of the Society's Quarterly Journal.
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Second Meeting, Wednesday, September 9th, 1903.
The Meeting commenced at 3 p.m.
PRESENT:

MM. Mascart, President; Chaves, Hellmann, Mohn,
Paulsen, Pernte.r, Rykatchew, Shaw, Snellen, and Hildebrandsson, Secretary.
Present by invitation: MM. van Bebber, Hergesell, Rotch,
and Teisserenc d·e .H ort.
1. Question 2.-" M. Paulsen desires to raise a discussion
0£ the question 0£ the measurement 0£ the electric potential of
the air by means of raclio-activ·e salts. He repo11Js to the Committee that this method was used by the Danish expedition for
the investigation 0£ the aurora bor·ealis in Finland during the
winter 0£ 1900-1901."

NI. Paulsen read a note on this subject, and exhibited the
apparatus used by the Danish expedition in Finland (Appenclix (VIII.) M. Mascart ·said that M. Moureaux had made use
of the .s ame method at the Obsenatory 0£ Pare Sa int-:tlfaur and
had compared it with that 0£ the water-dropper (Appendix IX.).
M. Pernter rnmarked that radio-active salts had been used for
this purpose at the Austrian Observatories for the last two
years.
The Committee recorded with satisfaction that the method
0£ uoSing radio-active •s alts ~s capable 0£ giving as gr·e·a t sei1sitiv·eness .a•s the methQfls 0£ the water-.dropp er or the flani-e
el•ecfood·e, and that it p1,esents many advantages for th-e .study
0£ atmospheric electricity.
2. At the President's request, M. Chaves gave an account of
the meteorological organisation at the Azores. (Appendix X.)
On the motion 0£ the President, the Committee unanimously
adopted the following resolution: The Committee have heard M. Chaves' account 0£ the
meteorological and magnetic work carried on at the Azores,
with the active support 0£ the King 0£ Portugal, with
great interest. The Committee respectfully beg to thank
His Majesty the King 0£ Portugal for the encouragement
given to a scientific institution 0£ the greatest importance
to the physics 0£ the globe.
3. QuestioJI 8.-" Observations on radiation at the principal
obs·ervatories" (M. P.ernter). M. P·ernter l'eacl a m-emoranclum
on this subject.
After M. Pernter's r.eview 0£ the progPess which had been
made in the construction of actinometers by MM. Angstrom,
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Chwolson, and others h.ad been rea<l, the Committee in,;;isted
anew on · the importance 0£ obs·e rvatories making researches
on solar radiation of the greatest possible accuracy.

4. Question 9.-" The substitution 0£ the hair hygrometer
fo1· the psychrometer " (M. P1ernter). M. :P·ernter gave an
account 0£ his experiments with the hair hygrometer. (Appen. dix XL)
The Secretary stated that this subject had been discussed
.at almost all Meetings 0£ Meteorological Committees and Conferences.
He also stated that the experiments 0£ M. A.
Svensson with Assmann's aspirating psychrometer at very low
temperatures had shown that it was possible to determine the
humidity 0£ the air with great accuracy by means 0£ this
instrument, p1,ovided that the true tensiona 0£ water-vapom.·
given off by ice were used in the calculations.
M. Rykatchew said that the psychrometer gave identical
. results when exposed under identical conditions; whereas the
hair hygrometer does not always give the same readings when
·. exposed under similar conditions. It is for this reason that
the psychrometer is preferable on all occasions except when the
temperature is very low, much below the freezing point, and
. above all when it falls to values equal to or below -20° C.
(-4° F.).
M. Rykatchew gave a summary 0£ the results obtained from
his experiments in Russi1a (Appendix XII.). Mr. Shaw was
0£ opinion that it wouM be us·efol to make experiments with a
view to evolving a satisfactory method of determining the
humidity of the air by the formation 0£ an artificial cloud.
In nature, the humidity of the atmosphere is one of the most
variable, and at the same time one 0£ the most important
elements, and one 0£ the most distinctive phenomena which
it presents is condensation and evaporation in the free atmosphere, and not only on solid or liquid surfaces or on the fibrous
materials used in tlie construction of hygrometric instruments.
H e did not think that it would be difficult to determine experimentally the conditions which involve the formation of a cloud,
and to deduce from them the humidity 0£ the air.
M. Mascart remarked that it is very difficult for an observer
at a station 0£ the second order to know whether his hygrometer was in good order or not. Some further remarks were
made by MM. Snellen, Mohn, H ergeseH, am.cl H ellmann.
Replying to the cli:ff-e;ent obj·ections, M. P1ernter remained
convinced on the result of his own experiments, that the use of
the hair hygrometer satisfied all demands of Meteorology, provided only that the saturation point was verified at intervals.
He did not !llsk to take a vote 0£ the Committee on thia
question.
·
The meeting adjourned at 5.15 pm.
(Signed)
E. MAS.CART.
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Third Meeting, Thursday, September lOth.
'I'he Meeting commenced at 3 p.m.
PRESENT:

MM. Mascart, President; Chaves, Hellmann, Mohn,
Paulsen, Pernter, Rykatchew, Shaw, Sn€11en, and Hildebrandsson, Secretary.
Present by invitation : MM. van Bebber, Hergesell, Rotch,
and T,ei.ssel'enc -de ·Bort.
1. Sir Arthur Rucker stated in a private letter to Mr. Shaw,
that, at the request o:f the Committee, h e would agree pro-·
visionally to retain the Presidency 0£ the Magnetic Committee
until its next Meeting.
2. Question 10.-" The resolution adopted by the Conference
at Copenhagen (1882), o:f noting in the column headed
" N ebulosi te,'' the occasions on which it was raining, snowing,
&c., at the hour 0£ observation, ought to be reconsidered and
modified." (M. Hellmann.)
After a discussion, in which several Members took part,
M. Hellmann amended his motion as follows:--" It is recommended that the principal :figure in the column headed 'Nebulosite '" should have arMecl to it a suffix signiy:fing rain, snow,
fog, hail, or sunshine at the moment 0£ making the observation. For example: -

s., fl*'

7 a• 40 , 5:: etc."

Without insisting on the adoption o:f the method here indicated, the Committee think that it is in all cases desirable to
state which o:f the above phenomena was observed at the time
o:f making the observation.
To this M. Rykatchew remarked: " M. Hellmann asks us to make and to publish observations
of sunshine at the fixed hours. This question has not been
announced in the programme, except that in his Note (Appendix XVI.) distributed at the Meeting o:f the Committee, he
spealrn 0£ it a.s t hough it only c<Jnoei"Jled the form in which the
observations are published . It must be remembered that the
international form for the publicatio"n 0£ the observations made
at stations 0£ the second order, which was agreed to after many
difficulties had been overcome, represents the minimum o:f what
is r equired. Each country is at liberty to increase the number
o:f ,d ata contai-n;ecl in the form without be ing under the neoessity o:f obtaining the sanction o:f the Committee. But it is
necessary to be very prudent i:f we intend to increase the
minimum de manded :frnm all countries.
In Germany,

17
observations of sunshine are published in the column 'N ebulosite.' Very good! I believe that we are doing no harm by
publishing heliographic and other observations, which are not
obligatory, from a large number of stations of the second order,
in addition to the minimum demanded.

" M. Hellmann pnopos·es to make a further obsm·vation,
which does not in this case present any difficulty; nevertheless,
it increases the labour of the observers whose co-operation is
given gratuitously, and also that of the assistants who reduce
the observations and prepare them for publication; it also
inc1,eas•es the expense. In Russia it would he TI_,eoe;ssary to
issue a .special instruciJi,on, to oorrespond with all the 900
observers, to pay more for each form used and to pay for the
supplementary labour required to prepare the observations for
publication. I shall have to consider very carefully whether
we are in a position to introduce this new observation without
asking for additional credit or without being obliged to refrain
from publishing other observations which are not obligatory
for stations of the second order, but which in my opinion are
as important as observations of sunshine.
I ask you, therefore, not to regard observations of sunshine as obligatory for
stations of the second order. I recognise their utility, and I
shall try to introduce them if the circumstances I have mentioned do not prevent me from doing so."
3. Question 11.-" Instead of putting the symbol [!:](ground
covered with snow) in the ' Remarks' column, it is preferable
to publish the height of the snow layer at the hour of making
the morning observation in a special column." (M. Hellmann.)
Arter a discussion in which a large number of Members
joined, the Committee decided to retain the symbol [!:], and
to continue to publish the observations in their present form,
but they also thought that it was desirable to publish the
height of the snow-layer on the ground in the tables of those
countries in which such measurements are regularly made.
4. Question 12.-" The height of the anemometer above the
ground ought always to be given at the h ead of all published
tables of wind velocities." (M. Hellmann.)
After some discussion, the Committee agreed that it was
desirable to have the height of the anemometer above the
ground always stated at the head of the tables.
5. Question 13.-" The drawing up of a code of general rules
of procechire for the Meetings of the Committee." (M. Pernter.)
After some remarks by various Members, the discussion was
adjourned to the following Meeting.
The Meeting adjourned at 5.30 p.m.
(Signed)
U985

E. MASCART.
B
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Fourth Meeting, Friday, September llth.
The Meeting commenced at 3 p.m.
PRESENT:

MM. Mascart, President; Chaves, Hellmann, Mohn,
Moore, Pa.u lsen., Pernter, Ryka.tchew, Shaw, Snellen,
and Hildebrandsson, Secretary.
Present by invitation: MM. van Bebber , Hergesell, Rotch,
and Teiss·e renc de Hort.

1. M . T,e]s.s·e11enc ·de· Bort hand·ed in the publication or the
· observations of clouds made at Trappes in 1896-1897.
2. The discussion of Question 13 was r esumed.
The Committee, while appreciating the justice of the remarks
made by M. p ,ernter on v.ar~ou.d difficulhe.s oolln·ected with the
Meetings, thought that these might be arranged for in the
correspondence which preceded the Meetings.
3. " vVoulcl it not be clesir.abloe for those who sugg·e st a eubj.ect
for discu!'lsion by the Committee to draw up and distribute
among the Members of the Committee, a short report on the
same a month before the Meeting." (M. Pernter.)
Alter a ,s hor·t discussiDn, M. P·ernte.r's motion w;as 1ag11ee·d to
unanimously.
4. Ques1tion 14.-" It .a ppears to be clesirabl.e fo define the
relations which should exist between the Committee and the
Su,b-Committees (' Oommissions ') which it appoints, more definitely." (M. •P ,ernter.)
The Committee think that it is d·esirable for the PT1esidents or
the Sub-Committees to communicate with the officer.s of the
Committee when arrangi11g the elates of their Meetings, a ;practice which has prevailed hitherto. The Secretary would inform
Members of the elates agreed upon.
M . Hergesell stated that he had taken care to consult the
President of the Committee about the Meeting of the Aeronautical Committee at Berlin in 1902. He announced officially
that the next Meeting of this Committee would be held at
St. Peters1b urg in August, 1904.
0

5. Question 7.-" Discussion of the r elation of Meteorology
to Astrophysics."
The Members of the Committee h ad taken_part in a discussion
of this subject at a Meeting of Section A of the British Asso~ · ciation; and Mr. Shaw proposed that a Committee should be
n~ appointed to review and discuss meteorological observations
' from the point DI view of their cmme:s:iDn with sDlar physics.
Mr. Shaw'·s motion was adopted, and MM. Lockyer, Shaw,
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P·ernter, and Angot we1'e elected -to s·e rve on thia Committee,
with power to add to their number and to elect their officers.
6. Mr. Shaw proposed that the attention of Section 1i of the
British Association be called by the International Meteorological Committee to the desirability of introducing greater
uniformity in the units adopted in Meteorology, and that the
Section be asked whether it did not think that the time ha<l
come for taking steps to secure this uniformity.
After some discussion, the Committee decided to call the
attention of Section A of the British Association to the inconveniences which result from the want of uniformity of the
units employed in meteorological observations, and to ask the
Section to use its influence in securing such uniformity.
7. Question 15.-" The official publication of an international
meteorological handbook containing the final resolutions
adopted by the Meteorological Committees and Conferences
which h.avie met between 1872 .and the pr.esent time, together
with comments and explanatory notes on the same."
(M. ~.
Hellmann.)
The Committee requested MM. Hellmann and Hildebrandason
to prepare a publication of this nature for distribution to all
directors of meteorological institutions.

8. Question 8.-" How are we to distinguish rain which falls
from fog? " (Mr. Rotch.)
The Committee think that no sharp distinction can be drawn
between these two phenomena, and that it must be left to the
discretion of the observer which of the two symbols is to be
employed.
M. Hildebrandsson remarked that the French
l anguage possessed in the word " bruine " a term applicable
to doubtful cases.
9. Question 19.-" Ought snow which melts as it ~alls !o
be recorded as snow or as rain, and, if it is of appreciable
thickness, how ought this to be measured? " (Mr. Rotch.)
After some discussion, the Committee agreed that precipitation which melts subsequently to its fall should be regarded as
snow.
10. Question 20.-" The definition of a thunderstorm adopted
by the International Conference, which met in Paris in 1896,
as the result of a discussion which I had raised, appears to me
to be unsatisfactory. Would it not be better to indicate by the
symbol R those occasions on which thunder is heard a.nd
rain is observed, instead .of limiting it to thos·e. cases in which
thunder ai:nd lightning are observed? It is obvious th.at, if
thunder is heard but no lightning seen, special circumstances
must have prevented the latter from being noticed." (Mr. Rotch.)
UU5
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The Committee are of opinion that, if a true thunderstorm
was experienced but special circumstances prevented the lightning from being seen, the symbol R should be used. · H rain
fell at the same time, the symbol e should also be used.
The Meeting adjourned at 5 p.m.
(Signed)

E. MASCART.

Fifth Meeting, Monday, September 14th.
The Meeting commenced at 3 p.m.
PRESENT:

MM. Mascart, President; Chaves, Hellmann, Mohn,
Mo01'8, Paulsen, Pernter, R ykatchew, Shaw, Snellen, and
Hildebrandsson, Secretary.
Present by invitation: MM. van Bebber, Hergesell, Rotch,
and Teisserenc de Bort.

.t The President read the following telegram from His
Majesty the King of Portugal : "To the President of the Meteorological Committee,
Town Hall, Southport.
" His Majesty the King of Portugal has commanded me
to express his thanks to the International Meteorological
Committee and to assure them of his best wishes for the
progress and development of the mete01~ological services.
The President of the Council, Hintze Ribeiro."
2. The President read a letter from M. Palazzo, in which he
made the following proposal : " I think that it would be advisable for the Committee to establish the rule of sending special
invitations on the occasion of a; Meeting not only to the Members
of the Committee, but also to the Governments on which the
Members are respectively dependent."
The Committee thought that this demand of M. Palazzo was
quite contrary to the custom or the Committee, and that there
was no reason for altering the latter.
3. The President handed in the report of M. Violle, Pr·esident
of the Sub-Committee on Solar Radiation (Appendix XIII).
4. Question 1.-" The Roy.al Academy of Saxony has communicated to us the text of the resolutions adopted on May 14th,
1901, by a Conference of delegates from various academies on
the subject of the scientific organisation of researches relating
to atmospherio electricity. The Conference decided to forward

these resolutions to the International Meteorological Committee."
M. Hellmann gave a summary of the questions submitted to
the Committee by the Conference convened by the Academies '
of Gottingen, Leipzig, 1Munich, and Yi·enna to draw up a
programme for bringing· about international co-operation in
investigations connected with atmospheric electricity.
After various opinions had been expressed on this subject, in
particular by nDL Hellmann, ·P.ernter, Masc.art, Rykatchew,
Shaw, and Paulsen, the following resolution was adopted: " 'l'he Committee have taken note of this communication with great interest; if the International Association
of Academies adopts the scheme, the meteorological observatories will all, without doubt, be disposed to lend it their
assistance."
5. M. Hergesell's report (Appendix II.) ended with the following resolutions: " (1.) The International Meteorological Committee, in
agreement with the decision adopted at . Berlin by the
International Committee of Scientific Aeronautics, consider that the exploration of the atmosphere over tropical
parts of the ocean by means of kite ascents conducted from
a steamer equipped for the purpose, an enterprise suggested
by Mr. Rotch in 1901, to be one of the most important
meteorological investigations .of the future ."
'l'his resolution was adopted unanimously.
" (2.) 'l'he International Meteorological Committee, in
agreement with a resolution adopted at Berlin by the
International Committee for Scientific Aeronautics, are of
opinion that the continuation of the simultaneous international ascents, which is highly desirable in the interests
of science, requires the continuation of the regular publication of the results obtained."
'l'he Committee also adopted this resolution unanimously, and
expressed their thanks to the German Government for the funds
which it had assigned for the publication of the important
observations of 1900 to 1904.
6. The President read a letter addressed to the Committee
by MM. R. 'l'. Glazebrook and J. Larmor (Appendix XV.).
The complexity of the questions therein raised was too great
to permit of an answer by the Committee.
7. Referring t~ Question 3, the Committee expressed the
following opinions : " (1.) That it is desirable that the English observations
which are transmitted by telegraph for forecasting purposes should be made at 7 a.m. (Greenwich time).
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'' (2.) That it is also desirable that observations by
means of kites and balloons should be organised in England as a contribution to international enterprises.
The Meeting adjourned at 5-_15 p.m.
(Signed)

E. MASCART.

Sixth Meeting, Tuesday, f?eptember 15th.
'l'he Meeting commenced at 10.30 a.m.

PRESENT .:

MM. Mascart, President; Hellmann, Mohn, Paulsen,
F ern.for, Rykatchew, Shaw, Snellen, and Hild·ebrandswn,
. Secretary.
Present by invitation: MM. van Bebber, Hergesell, Rotch,
· .and 'T,eiss·e rnnc de Bort.
1. M. Hellmann moved that a letter be addressed to the
German Government to inform it of the vote of thanks carried
at the Meeting of September 14th., in connexion with item
No. 5:
'l'he Committee accepted this proposal, and instructed the
Officers to send a letter embodying the resolution taken at the
previous Meeting to His Excellency the Chancellor of the German Empire.

2. 'rhe T·e1egraphic Sub-Committee has ·discussed the following questions : ~
(1.) What is the best method of obtaining the most rapid
interch.ang<e of metoorolog-ical tel.egrams? For -ex.ample, in
-sever.al countries, the m eteorological observations are s·e nt
from · the di:ffm ent telegraphic reporting stations directly and
separately to the fornign offioes .at the same time as they are se<nt
to the home office.
(2.) Would it not be an incontestable advantage both to the
telegraphic services and to the meteorological offices if . the
transmission and receipt of metoorological messag·es could be
accomplished within a specified limit of time, say an hour?
Would it be possible to secure this end by an international
. arrangement similar to that akeady in force in several European countries; or would it be possible to reserve the telegraph
lines between the central meteorological offices for the transmission of meteorological messages for the space of half an
hour? ·
1
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.A:s the result of its deliberations, it proposes the following
resolutions to the Committee: " (1.) That it is desirable that an official International
Committee, comprised of representatives of the telegraphic
and meteorologi cal services, should discuss the best methods
to be adopted for accelerating the transmission of the information necessary for forecasting.
"(2.) H this Committee could not be brought together,
the directors of the different offices should be asked to take
steps in their various countries to reduce the delay in the
transmission of meteorological telegrams as m UC.Ll as
poss·i ble."
The Committee adopted these resolutions unanimously.
3. Question 5.-" On the utility of transmitting observations
of the .di1,ection .a nd l'elative vdocity of clouds in mete01'0fogi cal telegrams." (M. Tei.sserenc de Bort.)
The Committee thought that this question should be reserved
for further study on account o£ the modification of the existing .
telegraphic code which it would involve.
M. Tei.Ss•erenc d·e Bort added, that he wished to take :advantage
of the occasion to publish a study on the application of cloud
observations to forecasting.

4. M. Snellen announced his intention of retiring from the
Committee, as he was no longer at the head of the meteorological service of his country, and thankced the Committee for
the sympathy which it had always extended to him.
The
President thanked M. Snellen for the services which he had
rendered in oonnexion with the work of the Committee ; he
made himself the spokesman of the Committee in expressing
to him the regret and sympathy of all the Members.
5. '£he Committee proceeded to the election of a member to ,
.
replace M . Snellen.
M. A. Lancaster, having obtained ;;. frJe!gu-,.,,.,_,,,
majority of the votes cast, was declared elected a Member of
~
the Committee.
6. Question 17.- " The convention of a Gener al Meeting of
the directors of the different meteorological offices in 1905,
similar to those held in Munich in 1891 and in Paris in 1896."
After some discussion, the Committee voted in favour of
such a Conference at Inns ' ruck during the second week of
September, 1905, and askec the officers to prepare ·q uestions
for discussion, and to draw up the programme for this
Conference.
7. The Committee entrusted the officers with the task of
drawing up the Minutes of the present Meeting.
8. At the close of the Meeting, the President proposed to
the Committee to send a letter of thanks to his Worship the
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Mayor of Southport for the graceful hospitality which had been
extended to them; this proposal was adopted unanimously.
The President then thanked his colleagues for the kindness
which had been extended to him, and for the cordiality which
had prevailed at all their deliberations. He added, that the
Committee were particularly indebted to the Secretary, M.
Hildebrandsson, for the care ·and zeal with which he had
acquitted himself of his laborious task.
M. Rykatchew thanked M. Mascart, in the name of his coll eagues, for the excellent manner in which he had carried out
his important duties, and for the tact which he had displayed
in all his speeches, while he had guided their labours with great
zeal and talent. He also thanked Mr. Shaw for the hospitality
with which he had received all the Members of the Committee,
and, above all, for the cordial and kindly character of their
reception.
The proceedings terminated at 11.45 a.m.
(Signed)

E. MASC.A.RT.
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APPENDIX I.

The Hoyal Society,
Burlington House, London, W.,
June 30th, 1903.
Sm,
WE ha;ve been llirected by the President and Council of
the Roval Society to convey their welcome to the International
Committee 0£ Meteorology when it meets in this country next
September, and to express their cordial wishes for a very beneficial Con£erence in r egard to the international relations 0£
this most important Science, in which the Royal Society,
through its .connexion with the 1B ritish Meteorological Council,
is specially interested.

The Conference comes at a time 0£ year when the sittings
of the Royal Society are suspended, but the President and
Council do not doubt that interest will be taken by the F ellows
of the Society individually in its Proceedings; which will be
commensurate with the importance of its work.
We are, Dear Sir,
Yours very faithfully,

M.

FOSTER,

J.

LARMOR,

Secretaries, Royal Society.
The President,
Intarnational Congress of Meteorology,
Southport .
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APPENDIX II.
REPOR'r OJ!' THE PROCEEDINGS OF 'l'HE INTERNATIONAL COMMITTEE FOR SCIENTIFIC AERONAUTICS.
By M.

JI
!I

H. HERGESELL.

Since the last report was presented on the occasion of the
last Meeting of the Permanent Committee at St. Petersburg,
the work of the International Committee for Scientific Aeronautics has been continued on former lines, but its scope has
been extended.
In ~he following memorandum I shall confine myself, in
the main, -to the work of the actual Committee, bu.t I shall
not" be able to avoid mentioning the enterprises 0£ some of- our
members which have no di;rect relation to the work of the
Committee. I hope that my colleagues wiU present special
reports on the work iri question.
The ,Commi._ttee assembled twioo, and its work was much
assisted by this direct an<l verbal intei'change of opinion.
Iri. 1900 .«:lur Committee held severnl meetings during the
International Meteorological Ocmforehoe, held at th.ie time of
the Paris Exhibition. An account of the proceedings will be
found in the official publications of the Congress in question.
:For details these must be consulted, and I will here only
recapitulate the principal points.
In the first place, I must re-call a proposal made by M. Teis&erenc de Bort and my&eH, calling on .t he Committee to organise
regular .ascents of manne d balloons, unmanned balloons
(ballons-sondes), and kites to take place simultaneously, once
a month.
Secondly, I must mention a motion proposed by MM. Sprung
and Teisserenc de Bort on behalf of the Ckmd Committee
(Paris, 1900), to include observations of clouds, a nd above all,
of the upper clouds, in these international aaoents, tO complete
our ,s tudy of the uppeT regions of the atmosphe1ie.
Both these proposals were agreed to, and what is more important, they have been carried out.
The organisation of these simultaneous ascents has been
attained since Novembe;r, 1900, .and ascents of manned .and
unmanned balloons and kites have taken place rngularly on the
first Thursday of each month. These experiments have now
been organised at several stations on the 6ontinent. Up to
the month of September, 1903, there had been 34 simultaneous
international ascents carried out by means of balloons and
kites.

. The second proposal, regarding the observations o:f clouds,
has not merely appeared in the accounts o:f the meetings, but
it has also been carried out. Since September, 1900, about
30 stations, distributed throughout Europe, have made observations o:f clouds on the days o:f the international ascents, as
well as on those pnloeding and tSucoeeding them.
In Europe, the Institutes 0£ 'l'rappes, Chalais-Meudon, Strassburg, Berlin, Vienna, St. Petersburg-Pawlowsk were the
main participators in the aeronautical experiments.
From
America, I am glad to be able to mention the active collaboration 0£ Mr. A L awr ence Rotch, who has conducted kite ascents
on the international days with great regularity. Some ascents
were also made at Munich and Hamburg; it is to M. Koppen
that we owe the kite ascents at the latter place. I have made
many efforts to increase the number 0£ stations, and above all,
to fill up the gaps in their distribution which -exist in the
W est 0£ the Continent. These efforts met with considerable
success especially after the ·Confo1,ence held in Berlin
in May, 1902. This M·e eting, o:f which I will present a
Teport to the International Committee, wa.s attended by
numerous delegates, among others by representatives 0£ Great
Britain, Spain, and Italy, and I have great satisfaction in
stating that these countries have taken a more or less active
interest in our labours since this date.
In England , we are indebted to Mr. Patrick Y. Alexander
£or a number o:f "ballons-sondes " ascents. ·He had already
assisted in experiments 0£ this n ailme which. M. 'l'ei.ssenmc de
Bort had carried .out. This year Mr. Alexander was not content with procuring balloons a nd instruments, but he 's ent one
0£ his scientific collaborators to study the technical side 0£ the
ascents, and the method of r·ed ucing the r-esults p ractically. I
must a lso mention the kite experiments which Mr. Dines carried
out at Crinan Harbour during 1902.
0

Also, M. Palazzo, the Director o:f the Central Institute 0£
Italy, has assigned an important place in his programme to
the exploration 0£ the atmosphere by means 0£ balloons and
kites, and we are already able to chronicle several highly sucooss:ful ascents.
In Switzerland, after the first initiative had been taken by
Pro:f.essors Ford and Heim, and after M. d·e Quervain had
carried out some " ballons-soncles" asc~mts at Berne, _I gave
a demonstration o:f our new methods before the Swiss Meteoro·1ogical Comn1ittee, and, in consequence, Switzerland now takes
part officially in the ascents.
In Spain, several ascents with manned balloons were made
on the inte.rnational clays, through the interest 0£ Dom Pedr.o
Vives y Vich, the Commandani 0£ the Aeronautical Statiea.
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The active part which M. Arcimis, the Director of the Spanish
:Nfoteornlogical Service, took in one of the,se asoonts makes
me hope that in the future we shall be able to reckon on the
co-operation . of Spain.
Concerning the .extension of the field of our operations towards the North and East, mention must primarily be made of
the activity of our colleague, M. Teisser.enc de Bort. He has
fitted out an expedition, which he has entrusted to M. de
Quervain, fo:i: conducting ascents of " ballons-sondes " in
Russia, in the most continental position that was possible,
preferably in the neighbourhood of Moscow. M. de Quervain
has succeeded in sending up and recovering 25 " ballonssondes."
The results of these ascents have been already
published in the "Travaux de l'Obs·erva toire de Metoorologie
·dyn.amique." I .am also pre;;·e nting them to the Committee.
A;; .a result of M. Teisserenc de Bort'.s •e nterpris·e, the meteorological observatory at Moscow has taken part recently in
several international ascents.
Finally we must mention the Franco-Scandinavian Station,
for obtaining aerial soundings, at Viborg (Denmark). Under
the initiative of MM. Teiss@enc cle Bort, Hildebrand.soon, .and
Paulsen, this enterprise must be reckoned among the most
important known to Meteorology. As a special report on this
subject will be presented, I will refrain from going into details.
I have .alrnady .touched on the efforts ·which our Committee
has made, since .its foundia tion, to e;;t.ablish perman•e nt stations
in the fi'€,e .atmrniphere. · Ascents of kites .an·d of kifo.-balloons
a1ie he1ie principally concerned.
In the first place we must mention the work of the Prussian
Meteorological Institute, carried out at the Aeronautical Observatory at Tegel. We owe to the activity of M. .A.ssmann the
excellent installation which the members of our Committee
had an opportunity of inspecting on the occasion of the Meeting at Berlin.
But above all, M. Assmann has furnished
proof that, with a satisfactory installation, it is possible ' to
make ascents and thus to obtain vertical sections of the atmosphere every day. Since tbie beginning· of this year, the
aeronautical observatory has transmitted the results of these
daily as9ents by telegram to the Seewarte, which has published
the re.sults on the day of the ascent. Without doubt we are
concerned here with a most important method of meteorological
investigation, and we must try to collect permanent records
of this nature from as many points on the globe as possible.
In Germ.any further facilities for such enterpris<es have
alroady boon provided. A kite-station, founded at Hamburg
at the instig.atilon of M. Koppen, makes l"egular ascents almost
every day ; the results of the;;;·e are also published in the Daily
Reports of the Seewarte.
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The selection of a site for kite-stations depends, above all,
on the conditions of the wind. Experiments can only meet
-with a full measure of success if the wind blows with sufficient
permanence and force to lift the kites throughout the year,
as in the case, for instance, on the shores . of the North Sea at
Hamburg. In a country far from the sea, experiments have
been less successful, because the wind is m·ore changeable. I
have tried w raise kites from hillwps in the Vosges, in particular from the "balloon" of Guebwiller, where there is a
meteorological station belonging to the Alsatian system. These
experiments were carried on during the autumn and winter
of 1900. But, in spite of the elevation, the wind was often
too light, an<l on other occasions too strong. The conditions
were, therefore, little favourable to conti~uous experiments.
But it is not on that account less desirable to have continuous
recoras from observatories far from the coast. 'ro r.ealize this
ambition, I was led to choose the La.Jm of Constance as a site
for the experiments. As early as July, 1900, I conceived the
idea of m.aking use of the motion of a v.e ssd for correcting the
wind conditions, and I made some trials witb a motor-•boat, but
without raising any instruments.
In August, 1901, Mr. Rotch, in America, was the first to
raise a kite on an almost calm day by using a small steamer
which he could manamvre at will. Subsequently he crossed
the North Atlantic on a boat making her regular passage
during a period of calm; he obtained observations with kites
on six days out of eight. Mr. Rotch's report was· presented
to the British Association at its Meeting in Glasgow in 1901.
The idea was pursued further at the Meeting in Berlin, and the
proposal of Mr. Rotch to explore the conditions prevailing over
the tropical r_egions of the ocean with the help of steamers
l.ed me to I'ec>0mmence my experiments on the Lake of Constance. Throughout t he month of June, 1902, I conducted kite
ascents from a motor-boat, or ;else from a larger steame"J:, on all
th.e international days, and also on others.
The experiments were sufficiently successful to justify me
in maintaining that it is possible, with a suitable vessel, to
carry out kite .ascents under all meteorological conditions.
l:£ the wind is too light the speed of tj;te boat is added to that
of the wind, and the sum of the two is always sufficient to raise
the kites. H the wind is too strong the vessel is run before
the wind, or at a oonv·enient angle with it; thffi a llows of th>e
tension of the cable being admirably regulated. I have succeeded in raising kites to a height of 2,000 metres on clays of
absolute calm. H the height attained is not very great, the
reaoon is that I had not at my disposal .a vessel ·of sufficient
speed or a motor-winch.
There is reason for hoping that, with the assistance of the
German Government, a permanent aeronautical. observatory
will soon be E>stabfahecl on the Lake of Constance.
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As in Germany, energetic e:ffor.ts have also been made in
· .other States to establish centres of observation in· the free
atmosphere.
I have already mentioned the great FrancoScandinavian enterprise. At St.. Petersburg, our colleague,
. General Rykatchew, has founded a kite station, which is main. tained in almost continuous activity, and which takes part in
the international ascents.
At P.aris, M:. T·eiss·e1'enc de ·B ort has increased his .already
important esta.blishment b.y cr·e ating .a station for .sci•Emtific
aeronautics at ltteville. Whereas the situation of Trappes is
specially favoumble for kite .ascents, ltteville has become the
centre for ascents of free-flying balloons. By choosing rather
inegular .ground, M:. T·ei.sser.enc de Bort has established a
truly magnifioont installation, from which it is possible to send
up paper balloons of ·e xtraordinary large capacity which asoond
to 16 or 17 kilometres and so reach altitudes which cannot be
attained by other means, exoept by the india-rubber balloons
reoently d·evis·ed by M:. Assmann. 'rhe disoov·ery of the now
famous isothermal zone, .at 12,000 to 15,000 metr·es, wa•s the first
worthy result of this great technical triumph a nd of these indefatigable labours.
We have already pointed out the great improvement which
has been attained in the technique of " ballons-sondes," which
we owe to the labours of M:. Assmann.
'\Ve must admit that the limiting height for open free-flying
balloons has been practically attained by the paper balloons
inviented by M:. 1rei•s serenc ·de Bort, but M:. Assmann h.as conceived .and carried out the idea of sending up closed balloons
with a very elasti.c envelope. With open pap0r ballooTus .a capacity of .about 100 cubic metres w.a,g needed to mah~ them asoend
to a height of 15,000 metres. A small india-rubber balloon
can attain ·tne same elevation with an initial capacity of only
4 cubic metres.
Th<eo launching of unmanned balloons has thus be,en greatly
simplified. 'l'here is no longer .any need for a shed or for a
k.rg13 staff of assistants.
'.l'he means .at the ·disposal of
every meteorological institute suffice for launching a " ballonsonde." The small exp{mse of this method constitutes a second
important advantage. It is true that the recent increase in
the price of india-rubber decreases this latter advantage somewhat.
The improvement which has taken place in the technical
problems has been accompanied by a corresponding one in
self-recording instruments. The construction of new thermometers has been undertaken at Paris, Berlin, and Strassburg.
M:. 'l'eis~·erenc rle .B ort ha.s .shown how important it is to
insulate the thermometric substance from the body of the
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recorder with the greatest care, and that the temperatures
recorded in the upper regions o:f the atmosphere approach
very near the truth i:f this precaution is taken.
For my own part, I h ave directed my attention to the sensitiveness o:f the thermograph, trying to conceive a thermometric
body o:f minimum thermal capacity which would adapt itself
most satisfactorily to the conditions o:f natural ventilation o:f
a "ballon-sonde" ascent. I have arrived at the construction
of a tubula.r thermometer, a des cription o:f which will be :found
in the account of the Berlin Meeting.
I believe that this
instrument will show the smallest thermal details, and, above
all, the inversions of temperature even in the most rapid
ascents.
While discussing instruments, mention must also be made
ot M. Assmann's baro-thermo-hygro-chronograph, which indicates the temperature as a function o:f the pressure, and
which gives the time also as a :function o:f the pressure. ThiA
arrangement avoids to a great extent the inconvenience of the
stopping of the clockwork.
Apart from the discussion of technical questions, the programme o:f future work was discussed and arranged at the
Berlin Meeting. The members of the Conference embodied
their views in a number of resolutions which will be :found
in the proceedings of the Meeting on page 60, et seq.
The German Government undertook to communicate these
resolutions to the Foreign Governments through the regular
diplomatic channels, thus, as we hope, materially aiding the
advancem eµt of our objects.
I desire to draw your attention in particular to two o:f these
resolutions, which are of the greatest importance to the work
o:f the International Committee :for Scientific Aeronautics.
The :following is the text o:f the :fourth resolution:"The International Committee :for Scientific Aeronautics are of opinion that the exploration o:f the
atmosphere above the oceans and the tropics :forms one of
the most important problems o:f the :future."
" To attain this end they recommend, as a first step,
the organisation o:f a marine expedition to the region o:f
the Trade winds, which shall examine the physical conditions prevailing in the upper atmosphere by means of
kites."
The Committee are aware of the :fact that MM. Rotch and
Berson have been working at the realization of this project
with great zeal, and that they are still engaged on it.
In my opinion, it would be o:f great service to these proje?ts
i:f the International Committee would make known their point
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of view on this question, and i£ .they think fit, would support
the realization 0£ this work by a favourable resoluti~n.
I have the honour to propose a resolution to this effect to
the Committee.
Further, I wish to speak 0£ the third resolution adopted at
Berlin.
This resolution states that the International Aeronautical
Committee regard the creation 0£ a journal £or publishing the
results 0£ the international simultaneous ascents and observations as rapidly as possible, and the provision o.£ fonds £or
carrying this out in a manner to be agreed upon, as matters
of great importance. This resolution has been only partially
put in to effect.
On my application, His Excellency the German Chancellor
has made the necessary dispositions £or publishing the observations 0£ the years 1901, 1902, 1903, and 1904. The German
Empire has put at our disposal £or this work a sum 0£ 18,000
marks. This has permitted 0£ the publication o.£ the results
in question, but not without charging a considerable residue
to the Institute at Strassburg.

I have the honour 0£ presenting to the Committee the first
two volumes 0£ this publication, as well as the monthly publications £or the current year, 1903, which have appeared up to
the p1 e&Pnt. In this oonn{';xion I must ma.foe mention o.£ the
collaboration o.£ Dr. de Quervain; it is to him that we. are
primarily indebted £or the prompt publication of the ascents
0£ 1903.
1

In .accordance with a reoolution a.dopted by the .a1ei'l()nautical
Committee, thea·e publication.g oontain only the .actual results o.£
the simultan·oous obaervatiions, ca1,e£ully r·eviewed a nd e dited.
In this mann·e r we have sucooed·ed in placing the obs·ervaitional
matter at the disposal o.£ the Members 0£ the Committee and
o.£ all persons interested therein, as rapidly as possible, to serve
as a basis £or scientific work.
Up to the present, a"s has been already stated, the expense o.£
these publications has been borne entirely by the German
Empire, which has guaranteed the necessary funds up to 1904.
I am convinced that the continuation o.£ this publication
is a question o.£ vital importance £or the future o.£ scientific
aeronautics, but it will only be possible in the future i.£ the
other States which take part in the international ascents also
contrihute towards the cost .of publication.
I should be extremely grateful to the International Committee if they would not simply confine themselves to acknowledging the utility of our publications, but would express a
distinct wish that this publication should be continued in the
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future. The Meeting of the Committee, which it is proposed
to hold in St. Petersburg in 1904, would thus have a firm
basis for its deliberation. Further, for my own part, as Presi·
dent of the Committee, I should be in a much better position
for conducting the necessary n egotiations and for securing the
funds which will be n eeded. l£ we succeed in obtaining the
funds necessary for this official publication by internationa l
agreement, we shall also have attained the necessary basis for
that official organisation of international scientific work in
Aeronautics, which is advocated in the third resolutiol! of the
Committee. The d.efailBd o<wgani,saiion oould then be arrang·ed
with litt1e difficulty, and outstanding questions of d·efail c-oulcl
be discu.ss·ecl and .agreed upon by the Conference at St.
PBtel'Sburg.
In conclusion, I wish to bring before you the scientific programmB which our Committee propos•es for thB future.
' There can be no doubt of the necessity of continuing the
international ascents during the coming years. The valuable
and inter·esting observations oontained in the publioations
which are before you give direct proof of this. But these
observations also show that it is nece-ssary to ·e xtend t he experiments to render them still more useful to Science.
Up to the pr-esent the simultaneous ·e xperiments ham been
carried on for one day only, anrl h ave then been stoppetl no
matter how interesting the meteorological situation might be.
Experience shows that it is most important to be in a position
to continue the experiments on interesting occasions in order
to study" the changes which follow. \Ve therefore desire to
replace the single ascents by a series of ascents. This would,
undou1bteclly, incr.ease the technical and scientific w'°rk ancl alS{)
the expense, but this might to a certain extent be compensated
for by decreasing the. number of intern:ational clay.;; by omitting
certain months.
·
On the other hand, I am of opiuim1 Hrnt we c'°uld ec.onmuise
consicler.a bly liy giYing to our Oommit!··ec a suitable mganisa i ion. At prese nt " '<' pay too mnch for our inshuments. 'Th e
fact that thesfl instruments a.re made by rli-ffrrent makers,
be it a.t Paris, at Berlin, or a.t Strassburg, ha s the effect of
making the price too high. If the Committee could agree
to establish a small me chanical 'rnrkshop for tlieir own needs,
the instruments could not only be supplied at net cost, but
what is more important still, they would. all be of the same
type. It may be objected that the inrliviclual tendencies of
t]rn different institutions woulrl suffer by this arrangement.
I 3,m of opinion that tha.t could be avoided, ancl that the proposal would not pr-ev·ent -each observatory from pursuing its
own resarches with special instruments ancl met.hods.
There will be opportunity for discussing this question rn
greater detail at St. P etersburg.
149811
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\Vhatever decision be arrived at on this point, it appears to
be certain that the next step forward which the work 0£ our
Committee mu,s t take is t hat 0£ substituting £or the present ephemeral ascents a series 0£ experiments which will
allow 0£ all the developments 0£ a meteorological situation
over our continent being studied .
In conclusion, I will sum up the requests which the President 0£ the International Committee for Scientific Aeronautics
thinks it his duty to bring before the Committee in the :following resolutions : " (1.) 'l'he Intt'irnati0nal Uommitlee, in agrooment with
the decisions adopted at Berlin by the International
Committee for Scientific Aeronautics, consider that the
expforation 0£ the atmosphere over the tropical parts 0£
the ocean by means 0£ kite ascents carried out from
steamers suitably equipped :for the- purpose, an enterprise
attempted in the -€xperiments 0£ M. H<lrgesell on the Lake
0£ Constance in 1900, and suggested by Mr. Rotch in 1901,
to be one 0£ the most important meteorological investigations 0£ the future.
"(2.) The International Committee, m agreem~mt
with a resolution adopted at Berlin by the International
Committee £or Scientific A€ronautics, ar.e 0£ opinion that
the continuation 0£ the simultaneous international ascents,
which is highly rlesirabl<e in the interests 0£ Science, r·equires the continuation 0£ the regular publication 0£ the
results obtaine<l."

35

APPENDIX III.

REPORT · ON TH:ID AER.IAL .SOUNDINGS CARRIED
OUT AT THE OBSERVATORY FOR DYNAMICAL
METEOROLOGY.
By

M.

TEISSERENC DE BoRT.

Aerial souncling.s by means of unmanned balloons (" ballonssondes ")have been carried out _at Trappes since the spring of
1898; during the last two years, the majority of the .ascents
have been made from Itteville, 40 kilometres south 0£ Paris,
where I have built a large shed on a well-selected site. The
number 0£ ba1loons liberated, up to the encl of July, was 815,
with the following results : An altitude 0£ 10 kilometres was r eached by 579 b; lloons.
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These balloons, as lS well known, are made 0£ paper and
are inflated with hydrogen.
I beg to report that our soundings have brought the following
facts to light for the first time: (1.) Contrary to what was believed up to a few years ago,
an annual variation 0£ temperature is found to occur up to a
very gr.eat he ight. As I h av-e a.heady pointed out elsewhere,*
the amount 0£ this v:ariation is still 10° C. at an altitude 0£ 9 or
10 kilometres above the ground.

(2.) The non-periodic variations 0£ temperature observed by
means 0£ balloons and 0£ kites are m()re marked at a height of
c See Comptes Rendus de l'Acn.<lemie des Sciences, 1899.
14985
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eieveral thousand metres than at ground level. Very great
variations are still shown, though more rarely, at altitudes of
from 7 to 10 kilometres; these occasionally attain an amplitud·e of 10° C. (18° F.), while the ·simultan•eous ch.ang·es at the
surface ·do not •e.s:oeed 5° C. (9° F .).
(3.) The vertical distribution of temperature presents different characteristics in regions of high pressure to what it
cloes in regions of low; at first it decreases more rapidly in
the barometric minima than ·n the maxima, a fact which has
also been brought to light by observations on mountains; then,
contrary to expectation, the rate of decrease diminishes greatly,
,;r even becomes zero in the minima, but in the maxima it
remains constant up to a height of from 11 to 13 kilometres.
Hence it follows that at a mean altitude of from 5 to 7 kilometres the temperature is lower in the barometric minima
than in the maxima.
At a somewhat higher altitude the
temperature is the same in both regions, and finally it becomes
lower in the maxima.
Direct verification of these characteristics is furnished by
the fact that at the same time of the year the lowest temperatures indicated by the balloons at great altitudes are to be
found ov·er rngions of high pressul'e. I have already pointed
out tliese main characteristics in a communication to the
Meteorological Congress of 1900, and the ·Soundings carried out
in the last two years have confirmed these conclusions.
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APPENDIX IV.

EXTRACT FROM A REPORT ON ME'fEOROLOGICAL
OBSERVATIONS

OBTAINED BY

THE

USE OF

KITES OFF THE vVEST COAST OF SCOTLAND,
1902.*

By . HT. N . S1uw ancl

·w.

H.

DINES.

'l'he paper presents the r esults of the first organised attempt
to obtain a series of automatic recorJs of temperature and
humidity in the upper air of the Brit ish Isles, or neighbouring seas, by means of kites. 'l'hey are derived from the
records of 40 kite ascents, in which - instruments were raised,
- and which were carried out by Mr. Dines and his two sons .
under the auspices of the Royal Meteorological Society ill
co-operation with a committee of the British Association, during the months of July and August, 1902. 'l'wo of the ascents
were from a small island in Crinan Bay, Argyllshire, the
remainder from the deck of a tug steaming in the Jura Sound
or neighbouring sea. Kites were raised on 71 oncasions, but,
on 31 of them, the force of the wind, even when assisted l'y
the speed of the tug at seven knots, was not sufficient to ruise
the recording instruments. On those occasions an experimental form of registering air thermometer alone was carried. The average recorded height of ascents with instruments
was 5,900 feet (1,800 metres), and average computed height of
1.he 71 ascents 4,200 feet (1,300 metres); a height of 12,000
f-eet (3,700 metr-es) was passed on two occa.-;ions, and 15,000
feet (4,500 metres) was reached once, but the record was losi
owing to the breaking away of the highest kite.
The kites .ancl V1iinding gear wei'B designed and constructed by
Mr. Dines. P articulars are g-iven in the Quarterly Journal of
the Royal Meteorological Society, vol. 29, p. 65, 1903.
The average angular elevation given by the kites with a
short l ength of line was 62° 30', the greatest height reached
with one kite was 5,500 feet (1,700 metres), with two 9,200 feet
(2,800 metres), with three 12,400 feet (3,800 metres).
--·------------ - - - - -- - - - - - - - - - - - " Phil. Trans. Roy. Soc., A., Vol. 202, 1903, p. 123.
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'l'he following table gives the average fall of temperature
observed:-

of

TABLE

of TEMPERATURE in 01~ GREES CENTIGRADE
for each 500 METRES of ASCENT.

FALL

I

--

.

Metres.

July.

I

Ascents.

I
c.

August.

Ascents.

c.
0

0

0 to 500

22

3·0

13

2·6

500 " 1000

16

2·8

11

2·8

1000 " 1500

9

2·2

9

2·3

1500 " 2000

2

2·0

7

2'1

2000 " 2500

1

2·0

3

2·0

-

-

2

2·0

-

-

2

1'7

2500 " 3000
\

3000 " 3500

The range of fall for the :first 500 metres varied from 4° G.
to 1° C. The smallest fall was associated with an inversion
of temperature gradient not far from the surface. An inversion of temperature gradient with very dry air above a layer
of clouds was shown also on one of the occasions of steepest
gradient near the surface. 'l'he steep gradients observed ill
the lower strata are shown to be associated with anti-cyclonic
conditions preceding the approach of a depression, and by
examples on :five occasions it is shown that the characteristic
of the passag'e of a depr.ession is that the isothermal lin€s of
the diagram open out as the depression comes on, the average
diminution of gradient for the change of barometric condition
amounting to as much as 50 per cent.
'l'he paths of the centres of depressions producing these
changes are shown on the maps taken from the monthly
weather reports of the Meteorological Office. It appears that
they passed the station on all sides at various distances but
none actually crossed it. The results show that whatever was
the path taken by the centre, the column of air over Crinan
became relatively much more nearly uniform in temperature
under the influence of the depression, and therefore probably
represented a relatively warm column of air.
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The average of the values of temperature gradient in
columns of air of different heights derived from all the Crinan
ascents are as follows : -

.

Height of Column.

/ Temperature Gradient.

Metres.
500

Per 100 Metres.
0·56

1000

0·56

1500

0·52

2000

0·50

2500

0·48

3000

0·4(j

3500

0·43

It must be remembered that a moderately strong wincl was
Tequired for t he higher ascents, and they therefore refer to
· a more or less special type of weather. 'l'b e gradients for the
higher columns are acconlingly nut so generally applicable
as those for the lower columns.
The results are compared with temperature graclients
obl'!erved elsewhere as given in H ann's "Meteorologie," with
the theoretical temperature gradient in dry air (1° C. per
100 metres), and ·w ith that for saturated air having an initial
temperature 12° C. 'l'he last differs but little from 0·53° C.
per 100 m etres for all ranges up to 2,000 metres and then
in creases. 'l'he average Crinan gradient is almost i<le11tical
with this and with the conventional correction in use in this
country for the reduction of temperatures k a common level ,
viz., 1° F . per 300 feet.
'Jhe last part of the paper is devoted to considering the
differences betweeu the temperatures as observed in the free
air at the same height as the summit of Ben Nevis and those
read on the mountain itself. The cli:fferences are always in
favour of the free air, which is slwwn to be on the average 2·6°
warmer than the mountain summit. Various circumstance:>
are adduced to support the result, und an explanation is sought
in the suggestion that t.he air flowing: from the sea over the
mountain would be mechanicallv raised and practically subject to the adiabatic gTadient which is not reached in the free
air. The consideration of the relative heights of clouds as
observed on the hill sides and over the sea is adduced i11·
corroboration.
Observations were again made during the months of July
and August of the present year; the results of these will also
be discussed.
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APPENDIX V.

PROGRESS IN EXPLORING 'l'HE 1UR A'f BLUE HILL
OBSEHVA'l'OHY; AND A PROJEC'l' ll'OH, MAKING
A'l'MOSPHERIC SOUNDINGS ABOVE 'fHE EQUA'l'OHIAL OCEANS.
By A. LAWRBNCB RoTcn, Director 0£ Blue Hill Meteorological
Observatory, Massachusetts, U .S .A.
Beginning with December, 1901, kite-flights were attempted
upon a fixed Jay each month that was appointed by the International Committee for Scientific Aeronautics. Duriug 1902,
13 flights were made, of which 10 were within a Jay of two of
International elates specified. In two of the flights the upper
kites broke away and \Yere lost in the ocean, but it is probable
that the height attained Juriug one of them exceeded 5,000
metres. 'l 'he average ot the highest points reached in each
of the 11 flights, irom which records were obtained, was ~,4.20
metres, and the maxi mum h eight was 4,285 metres.
'l'he
r easou that flights were not made ou all t})_e international days
was lack of wiud at the ground, a velocity of at least (i metres
per secmul being rnqui rell, aml -smndimes it w.a.s not possible tu
rise higher than the cumulus clouds on account of the wind
falling below this velocity at that level. Occasionally, when
the upper wind exceeded 30 m etres per second, further progress
upward was arrested by such accidents as those mentioned,
but, since the kites can be launched iu a wind of 15 metres per
second, starting the kites was never prevented by strong winds
at the ground. l£ it were desired to fly kites every clay, or
with certainty on any pre-determined clay, independent of the
\vind, duplicate kites and apparatus might be installed on
board a small steamer, which, by steaming in Massachusetts
Bay, in the neighbourhood 0£ Blue Hill, could create an artificial wind which would raise the kites in calms or could
reduce the natural wind to a suitable velocity. 'l'his possibility of becorn.ing independent of the natural wind by employing a moving steam-•'essel was probably first demonstrated
by me in 1901, when, after preliminary experiments with a
h1g-boat in Massachusetts Bay, the kites were mised over the
North Atlantic Ocean in almost calm air on five days 0£ the
eight occupied by the voyage from Boston to Queenstown.
The results were first described at the Glasgow Meeting of the
British Association (Heport, 1901, p. 724).
The method of
~y ing kites from moving vessels has since been extensively
and successfully employ1>d. by my European colleagues, as I
have r·elated in "Science/' vol. XYIII, pp. 113-114.
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'l 'he most impo1·taut application of this method would be au
iuvestigatiou of the meteorological conditions above the tradewinds and dold1·ums, a project that I suggested in Symons'
Meteornlogical Magaiiue for 0November, 1901, allll further
described to the International Aeronautical Congress at Berlin
in 1902, and which was approved by the International Committee for Scientific Aeronautics then in session. 'l'he pape1·
is publishe11 in ' ' Beilage II. des Protokolls i.iber die dritte
Versammlung der Internationalen Kommission fiir vVissenschafliche Luftschiffahrt." 'l'he generally accepted theories
regarding the motions of the upper anti-trades are not confirmed by the observations of the drift of volcanic dust and
high clouds in these latitudes, and neither the height to which
the trade-willl1s extend nor the vertical gradients of temperahue and humi11ity over the ocean are known. Dr. 0 . I~ .
Fassig, of Baltimore, flew kites the past summer from the
Bahama Islands but was unable to ascem1 in the trades to a
greater height than 1,220 metres. Above the lower cloud
stratum, which the kites traversed, was another nearly motion ..
less one, and Dr. Fassig believes that by flying the kites from
a fast steamer this neutral stratum might be penetrated. It
is my wish to make such atmospheric soundings with kites
flown from a steamer, having a speed of not less than 12 knots,
and cruising between the Azores an d A.scension Islands. 'l'he
route proposed and the objects to be attained, as given by
Professor Hildebrandsson, are stated by me in the Washington
"Monthly W eather R eview" for July, 1902. An application
was made by me more than a year ago to the Carnegie Institution for funds to aid in chartering and equipping a steamer
for this investigation which, in the course of a few months,
might solve some of the most important problems in meteorology and physical geography.

42

APPENDIX VI.

REPOR'l ' ON THE W011.K OP 'l'HE AERONAU'fICAL
OBSERVA'fORY OP 'rHE ROYAL ME'l'EOROLOGICAL I NS'l'I'fU'l'E OP BERLIN.

By PROF'ESSOR AssMANN, Director of the Observatory.
'l'he first ascents were made from the Shooting Range at
'l'egel on the lst of October, 1899, while the observatory was
still under construction.
Before the installation was completed these ascents wer e n ecessarily very imperfect, and had
frequently to be inteiTnpted for long periods; and later on,
so many modifications, of which the advantages or defects
could only be determined by experiment, had to be made in
the machines and instruments as well as in the construction
of the kites and captive-balloons, that it was eveu then impossible to avoid long breaks in th e series of ascents.
It was soou seen that the choice of the site of the observatory
had been a most unfortunate oue. The unforeseen difficulties
m et with were of such grav~ character that the necessity of
r emoving the observatory as soon as possible was soon
l'ecognised.
A.mong the principal obstacles to our W()l'k the following
may be enumerated : -'rhe immediate neighbourhood 0£ a
shooting-range in dai ly use by firing parties, as well as for
drilling troops, and for military experiments; the proximity
of the town of Berlin and its suburbs (distant from 2 to 5
kilometres), and of the electric tramway a· with thtiir overhead
wir.es, which almost completely surrounde d the observatory,
a fact which cau&'ed several serious accidents on account of
short circuits caused by breakage of t.he kite lines; but above
all, the neighbourhood of the military aeronautical section,
which was established during the year 1901, gave rise to
repeated incidents of a particularly grave character, .in particular the wi1ies a nd cables of the observatory frequently
fouled the kites and balloons of thfl military wirele.ss telegraphy department, which has been recently added to the
aeronautical section. 'f o put a n end to t his intolerable situation it has been proposed to remove the observatory to the
neighbourhood 0£ Lindenburg, 60 kilometres S.E. of Berlin,
to a small rull which dominates the surrounding country and
attains an altitude of 120 metres above M.S.L. The funds
necessary have been provided for in the State Estimates for
1904. If the legislative assemblies pass them, the new observatory will be in a position to commence work during the
summer of 1905.
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It was only during the surnlller of 1902 that the preliminary
experiments, whose objeet ha<l been to stu<ly ways and means,
were Buffici<mtly advanced t-0 enable u s to attempt t-0 realise
the true aim of the observatory, which is, of course, the continuous study of the at mosph ere by making <laily ascents.
'l'his has proved to be a mud1 lllOre difficult undertaking than
was 'e xpected, a nd the staff a nd material nee ded hais exceede<l
the ·estimates con.sider.ably. M. 'l'·eistHH"en c <l·e Hort h ad the
same exp~rience in his experiments at Hald.
Since the month or August, 1902, the ascents near Berlin
have been carried out almost every <lay; <laily ascents have
been m ade since October , t:lundays and public holidays
excepted; since lst J anuary, 1903, these da,ys h ave also been
included, and no break h as occurred in the observations.
The experiments group themselves as follows: -(1) kite
ascents; (2) captive ball<l<ln .ascents (ball<l<ln-kites), for these
the type of balloon-kite 0£ 68 cubic metres capacity appears
t<l yield the m<JBt satisfact<Jry results ;' (3) unmann·e d balloons,
principally 0£ the model 0:£ the india-rubber balloons invented
by the Di1.,e ctor l()f the <Jbservatory; (4) mann·e d balfo<Jns ; in
addition to the balloons 0£ the German Aeronautical Society,
the following balloons belonging to the observatory were
used: - 'l'he "Preussen," 0£ 8,400 cubic metres capacity, presented by M. End€rs, .and th€ "Meteor," <Jf 850 cubic metres
capacity. With the exception 0£ a number 0:£ voyag·es made
for special objects, ascents 0£ the two last kinds were made
mainly on the days 0:£ international ascents.
The following table gives a Sllmmar:y 0£ the number and
h€ightS 0£ the .asoonts carried out between I.st Oct-Ober, 1899,
and 30th September, 1903 : -

I.

TABLE

(1.) Kites.
H eights .

--

No.

1899 from Oct. 1
to Dec. 31.
1900

~

...

Mean .

Max.

--

1298

1480

1

1032

4255

< 1000 m. 1200(1 m . I·3000 m. 1 > 3000 m.
-

2

-

14

G

...

...
..

22

1901

33

p

12

3

1

11 60

4088

19(12

...

...

100

35

31

25

G

1542

4820

46

90

11 2

144

Bn
2G
1832
<1565
- - ---- - --

1903 up to 8ept. 30

Swus ...

...

23 1

--388

1

- - ---- -

Mean

.. .

...

...

98

...

-

34

...

·-·

1652

4820
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(2 .) Captive Balloons (Balloon Kites) .
Height s. ·

--

No.

1899 from Oct. I
to Dtc. 31.
...
...
1900
1901

...

1902

...

...
...

1903 up to Sept. 30
Sn ms ...

...

2

I

< JOOO m. \ 2000 m. 13000 ni. I >
I

8

Mean.

Max.

G08

1090

3000 m.

l

1

-

-

4

4

-

-

I
!

963

1323

91

63

25

3

-

811

2673

154

61

81

12

-

1018

2457

83

2

-

194

17

-

109

2-1

364

153

- -- - - -

- --- i- --

l'.l71

2080

--- -

-

2673

I

...

Mean

...

...

.. .

...

. ..

1040

(3 .) Unmanned Balloons (Ballons-sondes).
Heights.
No.

Mean .

< 5000 m. j10,ooom .\15,000m.J>
0

1899 from Oct. 1
to Dec. 31 .

moo

...

-

2

G

4

-

--

-

-

1901

28

11

1l

5

1

1902

l7

I ;,

•

0-

3

_6

1903 up to Sept. 30

15

1

6

8

Sums ...

Max .

15,000m.

I

I

5727

8005

6136

17,345

I
11 ,:·21

19,960

7 v 79

13,370

... 6o_l_l7 _ _26_16_7_1___ ]n,9llo
1

- - - -- - - ' -

... I\ 8~17
-

Mean

(4.) Manned Balloons.
Heights.

-

No.

1899 from Oct. 1
to Dec. il l.
... ...
1900

< 3000 m.

Mean.
J 4000

2

l

-

3

-

-

I

1

1901

...

...

9

2

l

'1

1902

...

...

12

2

l

3

1903 up to Sept. 30
Sums ...

...

Max.

m . , 5000 m. , > 5000 m .

J

4509

6625

2

5672

64'17

5

5330

10,800

li

4858

7832

8770
55li0
7
2
- - - 10,80
--- - -- -- -- 0
19
fj

33

2

5

Mean

...

...

-

7

...

...

..

Total number of ascents of a.II kinds, 851.

...

5188
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To the total 0£ 851 ascents must be added 8 ascents of
unmanned balloons in which no r ecords wer.e obtained through
various accidents. Out 0£ a total 0£ 74 experiments 0£ this
nature, only two instruments have been lost up to the present;
on one occasion an instrument remained fixed in the top 0£
a tree in a large forest :for a period of ten complete months,
during which the r ecords were perfectly preserved. In these
74 ascents are in cluded 4 unintentional ascents of captive balloons, which broke away and which attained an altitude of
at least 5,200 metres.
The number of kite ascents only slightly exceeds the number
of balloon-kifo ascents, 388 against 364; from this it might
be concluded that the atmospheric movements over Berlin
were not sufficiently strong to raise kites during about onehaH the time. But on comparing the different years, we find
a sensibly different ra.tio between the numbers of ascents of
each kind; up to 1902, inclusive, the balloon-kite asoonts
predominate, but during 1903 the kite ascents greatly exceeded
the others. From this we might conclude that the wind was
stronger during the latter period but the increase was mainly
the result of greater experience in the use of kites, the manipulation of which presents greater difficulties than that of
balloon-kites, foe same fact is a ppa1'ent when we consid,er the
heights attained.
Out o:f 100 kite ascents, the heights attained were : -

-In 1902

,, 1903

...
...

...
...

I
I

More than

1000

2000

3000

Metres.

Metres.

Metres.

35

34

25

6

20

39

30

11

3000
Metres.

Thus the number of ascents to low altitudes has been
diminish ed, whil'e that of ascents to g1"eater heights h as boon
inc1.,eaood.
Since November, 1902, the results of the morning ascents
have appeared regularly in the day's issue of the official
" Reichsanzeiger," and also in the evening editions of several
other Berlin daily paper.s; since l st January, 1903, the results
have also appeared in the weather charts of the Berlin Meteorological 0ffice, and :further, since the l st April, in the Daily
R eports of the . Deutsche Seewarte.
'rhese arrangements,
which have been :favourably received on all sides, make it
n.ecessary to terminate the ascents somewhat before noon1 in
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order that, after a rapid inspection of the curves, the results
obtained may be despatched by telephone at a sufficiently early
hour for publication.
These communications have gained
in interest since the kite station of the Deutsche Seewarte,
established at Hamburg by Professor Koppen, commenced publishing tli€ir observations in the sa.me journals. It is obvious
that, but for the necessity of early reading, it would be possible
to continue a much larger number of the ascents to a great
height, and in consequence, the result of 11 per cent. possible
ascents to more than 3,000 metres, quoted above, must not be
looked upon as the limit of what can be achieved with kites.
Thti importance of balloon-kites in .a programme of ·daily
ascents is brought out .by the numbers quoted, although the
altitudes attained by this method have been relatively lower
than those reached with kites. But in the case of balloons
also, we may hope for an increase in the mean height attained
as more experience in their management is acquired. Nevertheless, an increase in the maximum height .reached by balloons
must not be expected, becallse the limits within which balloonkites can be employed are much Bmaller than is the ca.se
with kites; the altitude of 2,000 mtit:r:es can only be exceeded
on rare occasions when the weather is absolutely ea.Im.
In the matter of india-rubber " ballons-sondoes,'' we have
to note, with surprise, that there has not·only been no increase
in the height attained, but an actual decrease has occurred in
1903. This is to be explained by the inferior. quality of the
india-rubber rncently used for these balloons, which has, morBover, increased in price.
Whereas in 1902 it was a rare
occurrence for a balloon not to burst as it ought to do, but
to be brought to the ground by the gradual loss of gas, this
disagreeable mischance, which robs the process of one of its
main advantages, occurred frequently in 1903, so that it became necessary to inflate the ba.lloons to a rather greater
extent, and inc1'0a.se t he velocity of .a.scent, giving· them .a
greater up-thru,st, .a.ml bringing .a bout a g1,eater V·entil ation of
the thermometer. But, as was to be expected, the altitude
attained has suffered in consequence, a fact which is indicated
in the table by a diminution in the mean height of from
11,321 metres in 1902 to 7,579 metres 'i n 1903, and in the
maximum h eight from 19,9110 metres to 13,070 metres.
The 33 ascents of manned balloons, shown in the fourth
column of the table, show that the skill of the aeronauts of
the observatory, especially of MM. Berson, Siiring, and Elias,
hacs not diminished, and that they still hold th eir former record
of having attained the greatest altitudes in the international
ascents. The grBat ascent of 3bt July, 1901, in which Ber.son
and Suring reached an altitude of 10,800 metres (exact result
worked out subsequently) will probably not be easily surpassed.
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Dr. Hermann von Shri:itter, 0£ Vienna, a scientist well-known
as a specialist on the physiology 0£ the respiratory organs, took
part in two other ascents, in which great altitudes, viz., 7,500
metres and 8,800 metres, were reached.
No means have been taken 0£ the results 0£ the experiments
made during the last four years and summarised in the above
table.
During the last complete year, i.e., from October lst, 1902,
oo the .same date in 1903, 279 kite . asoonts and 175 balloonkite asoonts were carried out, making a ootal . 0£ 454 captive
experiments, not counting th~ .a-scents 0£ manned and
unmanned balloo11s.
'rhe following table gives the chief results 0£ these continuous ascents carried out during a complete year: -

TABLE

Number.

--

Above 1000 m.

Up to 2000 m.

II.
Up to 3000 m.

Above

3,000.

Mean Height.

Maximum
Height.

I

Kites.

I

Kite
Kite
Kite
Kite
1
Kites.
Balloons. Kites. Balloons. K"tes
· Balloons.
Balloons.

Kites.

Kite
Balloons. Kites.

Kites.

Kite
Balloon.

--

1902.
0 :tober

...

N >vember ...

D

~cember

...

15
13
20

33
23

2
5

10

\)

14
10
4

1903.
J nuary .. .
F bruary ...
M arch

A. >ril
M ay

...
...
...
...

.J me
J 1ly
A agust ...
s :ptember

...

Sums

...

33
4
34
3
29
14
25
11
19
19
18
17
21
15
20
8
23
18
- -- ----279
175
,,_,__......,.... _ ;
454

_

5
9
6
3
3
5
3

6

-62

-!

6

1

15
15

5

6

0
5
5
1
1
5

11
4
8
9

1

6

6

114

5
4
3

0
0
1

3
2
9

12

11

6
11

0
0
0
0
0
1
1

14
H

13

11

11
- - - - - -52
106

"----v----'

19
13
5

r

13

6

11

4
4
10
5

·o
0

2

0
2
1
4
6

2
1
3
3
5
1

----- --------- -3
30
81
12p

'----y--___)J

226

"----..--_,)
84

1878
1465
1473

1099
1100
1144

3410

1727
1596
2110
1751
2112
1900
1737
2047
1601

1199
1113
1145
1417
1299
1248
1346
1007
1332

3486

Mean for the
year.

1783

I

1204

1856
157l
2139

~697

4820

1584
1635
1640
1830
1990
2080
2010
1200
1765

3()~5

4520
3710
4565
3310
3925
3600
3025

Maximum for the
year.

4820

J

2139

~

00
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APPENDIX VII.

REPORT ON SIMULTANEOUS SOLAR AND
TERRESTRIAL CHANGES.
By Srn NORMAN LOCKYER, K.C.B., F .R.S., Director 0£ the Solar
Physics Observatory, South Kensington.
There are very many cases recorded in the history o.£ science
in which we find that the most valuable and important applications have arisen from the study of the ideally useless.
Long period weather fore-casting, which at last seems to be.
coming into the region 0£ practical politics as a result of the
obse·r vation 0£ solar changes, is another example of this
sequence.
The first indications 0£ these changes on the sun, to which
I have referred, are matters of very ancient history, and so
also is the origin 0£ some 0£ the branches of observation on
which the study of them depends.
I will begin by referring to th ese aud to the conclusioms
arrived at in relation to simultaneous solar and terrestrial
changes previously to the last 25 years.
The facts that there a.re sometimes spots on the rnn, and tha/,
there is a magnetic force which acts upon a needle, seem fo
have been known to the ancient Chinese. In more modern
times the enquiries, with which we are now concerned, daic?J
from the times of Galileo (1564-1642) and Kepler (1571-16301,
To Galileo, F abricius, and Scheiner we owe the first tell~
scopic ohse·r vations of the spots on the sun; to Kepler, the baois
of spectrum analysis, which has not only revealed to us the
chemistry of the sun and of its spots, but enables us to study
daily other phenomena, the solar prominences, which will in
all probability turn out to be more important for practical
purposes than the spots themselves.

It is only quite recently that the importance of the study
of the prc>minences in this direction has been indicated, so
that we h a.ve to deal, in the first instance, with a long period
of years in which only the spots and their t errestrial echof'S
were in question.
14985
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According to Prof. Wolf (as quoted by Prof. Koppen),
Riccioli, in 1651, shortly after the first discovery of sun spots,
surmised that some coincidence might exist between them
and terrestrial weather changes.*
In the first year of the last century, Sir Wm. Herschel
drew attention to tliis subject. t He wrote: "The first thing which appears from astronomical
observations of the sun is that the periods of the disappearance of spots on the sun are of much greater duration than
those of their appearance.
"With regard t o the contemporary severity and mildness of the seasons, it will hardly be necessary to remark
tha.t nothing decisive can be obtained.
An indirect
source of information, however, is opened to us by applying
to the influence of sunbeams on the vegetation of wheat
in this country. I do not mean to say that this a real
criterion of the quantity of light and h eat emitted by the
sun, much less will the price of this article completely
represent the scarcity or abundance of the absolute produce of the country.
"On reviewing the pe·riocl 1650-1713, it seems probable,
from the prevailing price of wheat, that some temporary
scarcity or defect of vegetation has generally taken place
when the sun has been withoiit those appearances which
we surmise to be symptoms of a copious emission of light
and heat.
" 'ro those acquainted with agriculture who may remark
that wheat is well-known to grow in climates much
colder than ours, and that a proper distribution of rain
and dry weather are probably of much greater consequence than the absolute quantity o·f light and heat
derived from the sun, I shall only suggest that those
very circumstances of proper alternations of rain and dry
weather and wind, &c., favourable to vegetation, may
possibly depend on a certain qua.ntity of sunbeams being
supplied to them."
Herschel's suggestion was a daring one, for however perfect
our national statistics may have been in relation to the price
of wheat, there was nowhere kept up a continuous record o.f
the changes observable on the sun's surface, nor had there
been any serious attempt m ade to determine the law underlying them.
In 1825 this serious attempt was made, and by Schwabe
of Dessa.u, who discovered a cycle of about 11 years in the
solar changes. \Volf afterwards took up the question.

*
t

Blanford, Bengal, .Asiat. Soc. Journ. 65; Part II'., 1875, p. 22.
Phil. Trans., 1801, p. '265.
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Herschel had associated the variation in the number o-£ spots
with that in the price of corn, the connecting link hemg sunshine or weather. It wa.s to him a question 0£ meteoro-logy.
A year after the publication o:f Rerschel's paIJers, \¥ ollaston
extended the ea.rly spectrum work of Keipler and Newton by
discovering that in the solar spectrum there were many ·d ark
lines; these were for the first time mapped by Fraunho£er
in 1814.
Soon after 1850 it became a question of the oonnexion of
sun spots with teITestrial magnetism as well as with meteorology. A new idea was introduced.
Lamont, Sabine, a.nd Allan Broun discov·ered that there was
a well marked coincidence between the variations of magnetic
effects, as observed on the surface of our p1anet by delica.tely
suspended magnets, and the quantity of spotted area observed on
the sun. This in later t elegraphic days is not merely a pious
opinion which does not interest anybody, because, when the
magnetic changes are very considerable and the disturbances
arrive a.t a maximum, it is very difficult to get a telegram
from London to Brighton.
The period around th e year 1860 was rendered ever memorable by a stiil further extension o-f K epler's and Newton's work,
which at o-nce explained the dark lines observed in the solar
spectrum by W ollaston a.nd Fraull'ho£e.r.
Hitherto undreamt-of attacks on the nature of the sun
became possible. The names of Kirchhoff, Bunsen, Angstrom,
Stokes, Balfour Stewart will go for very long down the stream
of time, because they showed us that in spectrum analysis we
h ad the power of practically conve•r sing, chemically, with
the distant worlds in space, and these distant worlds, of course,
included the sun, although it is practically our neighbour.
It was now established that the solar radia-tion came from the
incandescence of m etallic vapours and gases in the sun's
atmosphere, the metals and gases being £or the most part
those with which we are familiar on the earth. Not only
was a high temperature demonstrated in this way, but it was
further sho·w n that above th e sun's apparent surface th ere
was an abso-rbing atmosphere, consisting of vapours coo1er than
those below, but yet hot enough to be composed of the steam
of iron and other metals.
In 1865, De la Ru e, Steiwart, and others, in an a.ttempt to
get the peri-0c1icity of the solar phenomena still more accurately determined, started work at K ew; while the forme·r>
observations were ca-rried on by Schwa.b e and vV 01£ by the eye,
photograph y, which was then being introduced into astronomical work by the labours of ·w.- arren De la Rue, was for
the first time now utilized, a.nd a picturn of the sun was taken
ea.eh day.
·
14985
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In 1866 a new method of observing solar changes, wh ich
consisted in throwing an image>of the sun on the slit plate of
a spectroscope, revealed the fact tha.t the spectra of spots differed
from that of the photosphere generally; certain lines were
widened in the spot spectrum.*
rn 1867 .a oonnexion between chang.eis in .spotted area and
in terrestrial temperatures was pointed out by Baxendell.t He
noticed a distinct and very striking relation between the number of sun spots and the ratio which exists between the
difference of the mean ma.x imum temperature of solar radiation
and the mean ma.ximum air temperature on the one hand, and
t.hat of the m ea.u temperature of the air and of evaporation. on
the other.
In 1868 a spectroscopic method was discovered of observing
in full daylight the "prominences" OT "red flames" which
hitherto had only been glimpsed during eclipses, and it was
established that, closely surrounding the sun ordinarily seen,
there was an envelope, named the chromosphere, of incandescent gases aJld vapours, hydrogen, and a. new substance
named helium chief among them.+
Many spectroscopic observations made on the spots and
prominences about this time indicated great changes in the
solar temperature in di:fferemt regions, and possibly, therefore,
chang·es in the amount of heat radia.t ed earthwards. From
the changes thus actu ally seen it \vas easy to imagine that
there might be a. cycle of terrestrial changes depending no
longer on the sun's presentation to ns in its daily and yearly
rounds, but on physica.l changes in the sun itself, requiring,
perha.ps, many years to accomplish.
In 1869, Janssen showed§ that by a special arrangement of
the spectroscope an image of the sun, showing the prominences
both on the disc and surrounding it, might be 0 bta.ined.
It. was not very long befor~ it was found that the reaction of
· these solar changes on the ea.r th was not so limited as had
formerly been thought.
This was an idea staJ'ted by Dr.
Stone of the Royal Observatory at the Cape of Good Hope,
Piazzi Smyth of the Royal Observatory of Edinburgh, and
others, ab'out the years 1870 and 1871, but the most striking
Imperial contribution to the matter we owe to the labours of
a distinguished meteorologist, Dr. Meldrum, Director of the
Observatory at Mauritius, which has since become the Royal
Alfred . Observatory. He showed tha.t the number of wrecks
which cam e into the h arbour of the Mauritius and the number
of cyclones observed in th e Indian Ocean, could en a.b le anyone
1

Lockyer, Proc. Roy. Soc., lltb October, 1666.
Memoirs of the Manchester Lit. & Phil. Soc., Third Series, Vol. IV.,
pp. 128, et seq.
t Lockyer, Proc. Roy. Soc., 20tb October, 1868.
§ Comptes R.endus, Vol. LXVIII. (1869), pp. 367 et seq.
<!<
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to determine the number of spots tha.t were 011 the su11 about tho
time. 'l'he Mauritius is most admirably suited for the making
of these observations, because the 'l'ropiics are really the right
region in which to try and estimate the possibilities of this
solar action. Meldrum found, in facti" that the maximum
number of cyclones was associated with th e maximum number
of sun spots. He wrote* : " During the period 1847-72 it is fou11d that so.me years
have been remarkable for a frequency, and others for a
comparative· ahsence of cyclones.

"1841-51 were characterized by cyclone frequency.
"1852-f/7 ,,
,,
,, compa.r ative ·calm.
" 1858-63 ,,
,,
,, cyclone frequency.
" 1864-68 ,,
,,
,, decrease.
" 1868- 72 ,,
,,
,, great increase.
"It will be seen that the years correspond with the
maxima and minima epochs of sun spots. It appears to
me that there is more tha11 a mere coincidence as to time.
"'rhe numbers of wrecks during these periods also show
a similarly regulated frequency."
Poey, investigating shortly ad'terwards the cyclone condition
in the West Indies, t found tha.t the greate-r number of years
of ma.x ima of storms fall from six months to two years, at the
most, after the years of maxima of solar spots.
Out of 12 maxima of storms, 10 coincide with maxima periods
of spots. Out of- five minima of storms, five coincide with
minima of spots.

It will be seen that the results from both the East and ~Test
Indies are the same. Next came the question of a rainfall
cycle corresponding to the solar spots.:j:
\Vhen I was preparing to· go to India, in 1871, to observe
the eclipse, Mr. Ferguson, the editor of the Ceylon Obser;ve1',
who happened to be in London, informed me that everybody
iu Ceylon recognisf)d a cycle of abo·u t thirteen years or so, in
the intensity of the monsoon-that the rainfall and doudy
weather were more intense every thirteen years or so. This,
of course, set one, interested in solar matters, thinking, and
I said to him :- " But are you sure the cycle recurs every
thirteen years, are you sure it is not every eleven years?"
adding, as my reason, that the sun spot period was one of eleven
years or thereabouts, and that in the regular wea.t her of the
Tropics, if anywhere, this should come out.
'I>
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Nature, Vol. 6, p. 357, 1872.
Comptes Rendus, 24tb November, 1873, p. 1222.
Solar Physics, (Lo1Jkyer 1874), p. 425.

It afterwards turned out that the period in Ceylon was rnally
of eleven years, five or six years dry, and five o·r six years wet,
and that a longer period of about 33 years was recognized.
Mr. Meldrum passed from cyclones to rainfall by a very
obvious step, because cyclones are generally accompanied by
torrential rains. A study of the rainfalls of Port Louis, Hrisbane, and Adelaide led him to to the conclusion that a case
had been made out £or a supposed periodicity.
On my retum from India I looked Tu}} the Cape and Madras
records for the periods available, and found that they followed
suit, hence I quite agreed with Dr. Meldrum that investigations
were desirable, and I wrote as follows* : "Surely in meteorology, as in astronomy, the thing to
hunt down is a cycle, and if that is not to· be found
in the temperate zone, then go to frigid zones, or the torrid
zones and look for it, and if found, then above all things,
and in whatever manner, lay hold of, study it, record it,
and see what it mea,ns. If there is no- cycle, then despair
£or a time if you will, but yet plant firmly your science
on a physical basis, as Dr. Balfour Stewart long ago suggested, before, to the infinite detriment of English science,
he left the Meteorological Observatory a.t Kew; and ha;ving
got such a basis as this, wait £or results. In the a.b sence
of these methods, statements of what is happening to a
blackened bulb in vacuo, or its companion exposed to the
sky, is, £or research purpose,s, work of the tenth order of
importance."
With reference chiefly to Dr. Meldrum's pa.per 1 I added: "Surely here is evidence enough, evidence which should
no longer allow u s to deceive ourselves as to the present
sta,te of meteorology. A most important cycle has been
discovered, analogous in most respects to the Sa.ros discovered by the astronomers of old, indeed, in more respects
than one, may the eleven yearly period be called the Saros
of meteorology, and as the astronomers of oJ.d were profoundly ignorant of the true cause of the Saros period,
so the meteorologists of the present day are profoundly
ignorant Qf the tru•e natm~ Qf the oonnexiQn between
the sun and the earth.
" \Vhat, .therefore, is necessa.ry in order to discover the
true nature of this nexus?
Two things a.re neoessary,
and the.y are these. · In the first place, we must obtain
o.n accurate knowledge of the currents of the sun, a.nd
secondly, we must obtain an accurate knowledge of the
currents of the earth. The former of these demands the
united efforts of photography and spectrum analysis, and
• Rolat Physics, pp. 424-5.

the sec_ond of_ these demauds the pursuit of meteorology as
a physical science, and not as a mere collection of weather
statistics. vVhen these demands are met-and in spite
of the Mrs. Partingtons who, are endeavouring to pmveut
this, they will soou be met-we shall have a science of
meteorology placed on a firm basis-the meteorology of
the future.*"
At this time the Indian authorities were quite a.live to the
importance of such investigations as these. India is in the
tropics, India is a child of the sun, the inhabitants depend almost
entirely upon the beneficent rains which seemed, in some way
or another, to depend upon solar action. India also had then
the germs of one of the best equipped meteorological organisa.tions which exist on the surface of the planet, a.nd the
meiteorologists :felt that ilhere was something behind their
meteornlogical registers which might be assisted by taking a
very official step and going to headquarters, headquarters beiug
the sun. \iVhen I was in India, in 1872, Lord Mayo, the then
Viceroy, did me the honour to ask me to go to Simla with a
view of choosing a site for a proposed Sola,r Physics Observatory. 'lhat is 30 years ago! rnfortuuately, I was Secretary
of the Duke of Devonshire's Commission, which was then sitting, and I could not get leave, and, therefore, could not go;
the scheme, which was then before the Indian authoritieswhich, if I may say so, was altogether grandiose a,nd extravagant,-fell through.
In 1873, the idea of the possible connexion of solar and
magnetic changoo had got so far that the magnetic and meteorological department of the Royal Observatory at Greenwich,
which had been esta.blished in 1838, received an important
addition. A photo-heiliograph was set up in order to continue
the daily photographic record of the sun's surface, began at
Kew in 1865.
In the same year Koppen found that the maximum temperatm1e occurs in the years of sunspot minima .and the l'ev~rse ;
years with many spots are cool years.t
Of special importance for the oonn€xion between the tempe-rature on the earth'.s surfaoe and the sun'.s sp<ltt.ed .al'ea is
the fact that the, temperature curve (mean number for the whole
earth) and the curve representing the sun-spotted area is identical in all the irregularities.
~ I very much regret that, in the article quoted, my reference to Carlyle's
German "Dry as dust," as a patient enquirer who would eventuallv apportion credit to all rr.eteorological workers, has reen misunderstood by some of
my German friends. Relying on imp~rfect dictionaries, which have told
them that a mere "bookworm" was meant, they have missed the high
compliment I intended to pay them.
t W. Koppen. Uber mebrj ahrige Perioden der Witterung. Zeitschrift £.
Meteorologie, Bd. viii. , 1873, pp. 241-248 and 257-268.

ln the tropics in the
Year before the sun spot JJ1in., the tempera.t.ure is 0·41°
higher than the mean.
Year before. the sun spot Max., the temperature is 0'32°
lower tha.n th e mean.
The variation is thus 0·73°.
By this time spectroscopic observations 0£ t.he solar changes
bad proved that the sun was hottest when there were most
spots, thereby upsetting the old idea that the spots actecl as
screens and reduced the radiation a.t sun spot maximum. Koppen's result, therefore, was a paradox, and was thus explained
by Blanford*: "The temperatures dealt with by Pro£. Koppen are 0£
course those 0£ the lowest stratum 0£ the atmosphere at
la.n d stations, and must be determined not by the quantity
of heat that falls on the e.vte1·i01· of the planet, but 01: that
which penetrates to the ea1·th' s su1'f ace, chiefiy to tlie land
su1·face of the globe. The greater part 0£ the earth's surface
being, however, one 0£ water, the p'l:incipal immediate
e:ffect 0£ the increased heat must be the increase 0£ evaporation, and, therefore, as a subsequent process, the cloud
and the rninfall. Now a cloudy atmosphere intercepts
the greater part 0£ the solar heat, and the re-evaporation
0£ the fallen rain lowers the t emperature 0£ the surface
from which it evaporates and that 0£ the stra.tum 0£ air
in contact with it. The heat liberated by cloud condensation doubtless raises the temperature 0£ the air at the
altitude 0£ the cloudy stratum; but at the same time
we have two causes at work, equally tending to depress
that 0£ the lowest stratum.
As a consequence, an mcreased formation 0£ vapour, and therefore 0£ rain, following on an increase 0£ radiation, might be expect.eel to
eoincide with a low air-temperature on the surface 0£ the
land.t"
The next important advance h ad to do with atmospheric
~1ressure.
In 1875, Mr. C. Chambers, the director 0£ the.
Bombay Observatory, found that" The variation 0£ the yearly mean barometric pressure
at Bombay shows a periodicity nearly corresponding in
duration with the decennial sun-spot period.":j:
The years round 1875 were rendered very important by the
number 0£ new organizations established to record and demonstra.t e various classes 0£ o·b servations with which we are
concerned in this short history. Meteorological enquiries on a
large scale were organized at home and in India, and observa• Blanford, Bengal, .A.siat. Soc. J ourn., 1875.
t See also Blanford, Nature, 23rd .April, 1891, Vol. 43, p. 583.
i Meteorology, Bombay Presidency, August, 1875, S. 26, p. 12.

tories were esta.b lished at Potsdam, Paris, and London, with
the main object of studying solar changes. At the same time
steps were taken to resume o·b servations in the tropics. It is
uot out of place here to make a brief reference to what was done
in Britain and. India.
The Government took this action in consequence of a strong
recommendation of the Royal Commission on Science, presided
over by the late Duke of Devonshire, of the establishment by
the State of an Observatory of Sola.r Physics ;n which enquiries
relating to the na.ture of the sun and its changes should be
fostered, and various investigations which were necessary
should be carried OIL
The Commission •:llso proposed that simila.r institutions
8hould be established in various parts o-f the Empire.
'.rhe ground on which the Royal Commission, and subsequently ~, memorial prese-nted to the Government by the
British .A.ssociation, urged this new departure was that, in
the opinion of a considerable number of scientific men, there
was a more or less .i ntimate oonnexion between the state of
the sun's surface and the meteorology of the earth; and they
called attention to the fact that recent independent investigations on the part of several persons had led them to the con . clusion that there was a similarity between the sun spot periocl,
periods of famine in 'India, and cyclones in the Indian Ocean.
The memorialist.s concluded by saying: ·" "Ve remind your Lordships that this important a.ucl
practical scientific question cannot be set de.finitely at rest
without the aid of some such institution as that the
establishment of which we now urge."
'l'he Lords of the Committee of Council on Education referrecl
this memorial to· a Committee, consisting of Prof. Stokes, Prof.
Balfour Stewart, and General Strachey, for their opinion as
to whether a commenc"ement might not be made to give effect
to the proposals of the memorialists by utilising the chemical
and physical laboratories at South Kensington, as the proposed observatory must be more chemical and physical than
astronomical. The following paragraph appeared in the terms
of reference: "Although we are not at present in a position to consider the establishment of a physical observatory on a
comprehensive scale, we believe that some advantage can
be ga.ined if a new class of observations can be made with
the means at command, since the best m ethod of conducting a physical observatory may thus be ~vorked .out
ex.p erimentally, and an outlay eventually avoided which,
without such experience, might have been considered
necessary."
While the discussion as to the establishment of a solar
physics observatory m this country was going . on, L·~rd

Salisbury, who was then Secretary of State for lud1a, peuniUed
me to send him a memorandum on this subject. In it I
pointed out that what we wanted, especially in reference to
solar enquiries, was to learn, day by day, what the sun was
really doing, which India and other tropical countries always
could tell us, while it seemed almost impossible that we should
ever get sufficiently continuous records in England.
I gave the following extracts : " Solar research is now being specially canied on w
Europe at" (1.) Potsdam, in the new Sonnenwarte.
"(2.) Paris, in the new physical observatory.
"(3.) Rome and Palermo.
·· (4.) :SQuth K,eTuSington, in oonnexion w;th the Science
and Art Department.
" (5.) At Greenwich, "Wilna, and other places it is carried
on in a less special way.
" In these European observatories, however, especially
in the more northern ones, we are attempting to make
bricks without straw, that is, the climate is such that
the observations a.re often interrupted, at times for weeks
together, while, in addition to this, in winter the sun's
altitude is so small that fine work is impossible.
".:While this state of things holds in Europe, in India,
on the other hand, one has an unlimited and constant
supply of the mw mate1·ial, by which I mean. that here
one can, if one chooses, obtain observa.tions of the finest
quality in sufficient quantity all the year round. I may
even go farther, and say that, limiting my remark to
English ground, we have in India a nwno7JOly of the raw
material."
'l'he prayer of the memorandum was granted, and shortly
a.£terwards I had: lthe 'Pleasure of sending out one of my
assistants to India. Unfortunately, he clie<l . soon after the
first series of daily photographs of the sun had been commenced ,
but eventually the Trigonometrical Survey Department took
the ma.t ter up, an. observatory was built at Dehra Dun, and
India began its work, and I am thankful to say that it has
gone on continuously ever since.

It was not till 1879, and after a letter from the Duke of
D evonshire, that a sum 0£ £500 was taken on the estimates
to replace the assistance formerly obtained by myself from the
Government Grant Fund administered by the Royal Society,
and to allow of more research :work being undertaken. At
the same time, the Solar Physics Committee was appointed.

The object sought was to make trial of methods of observation,
to collect and discuss results, to bring together all existing
information on the subject, and to endeavour to obtain complete
series of observations along the most important lines.
This State action was taken because the sun has to be
studied, if studied at all, continuously, because it is ever
changing, and the more we study it the longer are the cycles
which we find to be involved; hence, all enquiries into its
nature must be on an Imperial basis. Individuals die, nations
remain. Nor is this all. Observatories are not only wanted
in the centres 0£ intellectual activity where research can be
conducted in a scientific atmosphere, but there must be others
to obtain the necessary observations in those favoured regions
of our planet in which the maximum of sunshine can be
deipended upon.
The then Astronomer Royal, Sir George Airy, was most
sympatheitic, and as a result of this State action, the little/
observatory at South Kensington was shortly afterwards eula.rged; it has considerably grown since then, but it is still
in the experimental stage. Although, perlrn.ps, I am irnt the
one to say it, I am prepared to take the responsibility of stating
that it is now one of the best equipped for its special work in
the world. It certainly is the sha.b biest to look at. Irreverent
comparisons h ave been made even in the House of Commons;
the general apipearance of its wood and canvas huts having
been likened to that of a more or less disreputable looking
travelling mena.gerie, but, at all events, it is inskt1mentally
efficient, a.nd that for the present must be sufficient.
During the last quarter of a century a. great dea1 o·f work
has been going on, a.nd the Colonies and Dependencies of
Britain have a.lso been doing yeoman service; very little has
been said about it, beca use not all Departments a.1'e in
the habit of advertising themselves, and Blue Books are
not as a rule light reading. In the first place,- the Indian
daily photographic record, which was weak during a month
or two during the S.\iV. nrnnsoon, was supplemented by the
erection of a duplicate instrument at the Mauritius; and I am
again thankful to say that the work has gone on a.t the
Mauritius continuously sin ce. Thus we have now two tropical
records, which , ta.ken together, may be described as absolutely
continuous, of solar cha.n ges sent to us in the most Imperial
fashion by two observatories. Another a.p peal was made to
Australia. 'For a time records were sent us, but I a.m sorry
to say that after a time they ceased.
These records are sent regularly with every precaution
against loss, to the Observatory at .Sauth K ensington; and ~or
the days when no p\hofographs have been taken at Greenwich
the necessa.ry photographs are transmitted there, wh~re they
are reduced in continuation of the record commenced m 1873
there, in succession to Kew,

60
What has been the result of this? The iate Astronomer
Royal took up this work at Greenwich in 1873. In 1874,
1875, 1876, 1877, 1878, the average number of days on which
it was possible to obtain photographs in each year was a little
over 160, the exact figures being 159, 161, 167, 171, 149. This
was Greenwich working alone, national work.
Next, we come to the Imperial work. Selecting years at
random, and dealing with 1889 to 1893, I find that Wl' obtained
photographs of the s.u n in 1889 for every day in the year
except five, in 1890, . for every day except four, iil 1891, for
every day except two. It is easy to undersi and thf>t with
such a · magnificently complete record as thio the study of
solar physics was enormously improved.
Very fortunately for science, even before these steps were
being ta.k en to secure a continuous record of the spotted areai
Prof. Respighi (1869) and Prof. 'L'acchini (1872) had commenced at Rome a daily record of the- solar prominences anrJ
of the latitudes at which they appeared a.t different times.

I pass on to some o-f the most important work done during
the last quarter o-f a. century, only referring to the results
obtained which bea.r upon the connection between solar and
terrestrial changes.
Ma.n y important advances were made in 1878.
Mr. F. Chambers, in continuing his studies on the Indian
barometer, found* a remarkable degree of resemblance in the'
progression of barometric pressure during· summer, winter,
aud year, and sun spots from year. to year; but he noted that
the barometric curve lags behind the sun-spot <;urve, particularly in the years o-f maxima of sun spots. The winter curve
is more regular than the summer one, probably because the
weather generally in India is more settled in the winter than
in the summer; but on the whole the two curves support each
other in having a low p1·essit1•e about the time of sun-spot maximum, and a high pressure about the time of sun-spot minimum.
" Te may therefore conclude that the mn is liottest about the
time when the spots a?'e at a maximum. He added, that these
results appear to harmonise well with the decennial variations
of the rainfall in India, and to thro-w light upon the ·inverse
variation (compared with the sun spots) of the winter rainfall
of Northern India.
Dr. Allan Broun also, in a discussion of Indian barometric
readings, found that the years o-f greatest and least pressure
" Nature, Vol. XVIII., p. 567.
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are probably the same for all India, and that, therefore, the
relation established by Mr. Chambers :for Bombay holds for
all India.*
I next pass to rainfall. Dr. Meldrum, returning to his rainfall studies, :found thatt
"There is a remarkable coincidence between the rainfall and sun-spot variation at Edinburgh, much more
remarkable than that at Madras. The years of maximum
and minimum rainfall, and sun spots for the mean cycles,
coincide, and on the whole there is a regular gradation
from minimum to maximum, and from maximum to the
next minimum."
The minimum rainfall occurred, on an average, in the year
immediately preceding the year of. maximum sun spots.
The results of these investigations show that the rainfall
of 54 stations in Great Britain from 1824-1867 was ·75 inches
below mean when sun spots were at a minimum, and ·90 inches
above mean when sun spots were at a ma.ximum.
For the 34 stations in America, the corresponding n11mbers
were ·94 inch a.nd 1·13 inch.
In the report of the Meterological Department of the Government of India, published this year (1878), the following reference to solar action occurs : "The following are the main important inferences that
the meteorology of India in the years 1877-1878 appears
to suggest, if not to esta..b lish : " Th re is a tendency at the minimum sun-spot periods
to prol.:,\ged excessive pressure over India, and to an
unusual dtwt.lopment of the winter rains, and to the occurrence of abnormally heavy snowfall over the Himalayan
region
This appears a.lso to be accompanied
by a weak south-west monsoon."
In 1880 the relation of Indian famines and the barometer
was first fully ireatel hy Mr. F. Chambers, the Meteorological
Reporter for Western India.+ He concluded from his enquiry
that there is some intimate relation between the variations of
snn spots, bm·omet1·ic pressiwe, and 1·ainfall; and as famines in
general are induced by a deficiency of rain, it is probable
that they also may be added to the above list of connected
phenomena.
Commencing with the daily abnormal variations observed
at several stations in Western India, it was found that a.s the
time over which an abnormal barometric fluctuation extended
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.became longer and longer, the range of the fluctuation became
more and more uniform at the various stations, thus leading
to the conclusion that the "abnormal vm·iations of long duration aft'ect a ve1-y wide m·ea." For testing this, the conditions
of Batavia were compared with those at Bombay, and the
results showed a striking coincidence, the curves obtained for
the two places heing almost identical in form, but with this
remarkable di:fference, the curve for Batavia.· was found to lag
very persistently about one month behind the Bombay curve.
Similar results were then worked out for other stations.
St. Helena, Mauritius, Madras, Calcutta, and Zi-ka-wei. On
comparing the curves obta,ined for these various places, though
a strong resemblance in form between a.11 the curves is observed,
there is also strong evidence of a want of simultaneity in the
barometric movements at di:fferent stations, and that as a rule
the changes take pla.ce at the mo1·e westerly stations several
months em·lie1· than a.t the more. easte1'7.y ones.
Thus, on comparing the curves for St. Helena a.nd Madras
from 1841-1846, the latter sometimes lagged behind the former
as much as six months, and for Bombay and Calcutta the
corresponding difference wa.s often upwards of six months.
The facts suggested to him long atmospheric waves (if such
they may be called) travelling at a very slow and variable rate
round the earth, from W est to East, like the cyclones of the
extra-tropical latitudes.
With special reference to famines, he remarked that, on comparing the dates of all the severe famines which have occurred
in India since 1841, widespread and severe famines are generally accompanied nr immediately preceded by waves of high
barometric pressure. He suggested, therefore, that intimation
of the approach of famines might be ohtain~d in two ways: (a.) By regular obse·r vations of the solar spotted area, and
early reductions of the observations, so as to obtain
early information of curr·ent cha.ng•es going on in the
sun.
(b.) Hy barometric observations at stations di:ffering widely

in longitu.de, and the early ccmmunications of the
results to stations situated to the eastward.
In the same year, Dr. H. F. Blanford discov-er·ed that*: "Between Russia and Western Siberia on the one hand,
and the Inda-Malayan region on the other, there is a
reciprocating and cyclical oscillation o.£ barometric pressure, of such a chara.cter tha.t the pressure is at a maximum in TV este1·n Sibe1'1.'.a a.n d Russia about the epoch
• Nature, Vol. XXI., p. 480.
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of maximum sun spots, and in thn Inda-Malayan area at
that oi minimum sun spots."
Up to 1881, the general idea had been that there was a great
difl'erence between the meteorological conditions at the maximum and minimum of the sun-spot curve, but the more
·numerous and more accurate series of observations available
in the year in question revea.led to Meldrum "extreme oscillations of weather changes in di:fl'erent places at the turning
points of the curves representing the increase and decrease
of solar activity."
This was a most important change of front. Not the maximum only, hut both the ma.ximum and minimum had to be
eonsidered. *
In relation to these pressure cha.nges Blanford . wrote as
followst:" Among the best estahl ished variations in terrestrial
meteorology which conform to the sun-spot cycle, are those
of tropical cyclones, and the g·eneral rainfall of the glo·be,
both of which imply a. corresponding .v a.riation in eva.pora.tion and the condensation of va.pour. Now the variation
of pressure with which we have to deal evidently has its
seat in the higher (probably the cloud-forming) strata of
the atmosphere. This is not only illustrated in the present
instance by the observed relative excess of pressure at
the hill stations as compared with the plains, but also
follows as a general law from the fact established by
Gautier and Koppen, viz., that the temperature of the
lowest stratum varies in a manner antagonistic to the
observed va.r iation of pressure.
It is then a reasonable
inference that the principal agency in producing the
observed reduction of pressure at the epoch of sun-spo·t
maximum is the more copious production and ascent of
vapour, which may operate in three di:fl'erent ways. First,
by displacing air the density of which is three-eighths
greater; second, by evolving latent heat in its condensation; and thirdly, by causing ascending currents, and thus
reducing dynamically the pressure of the atmosphere as a
whole.
The first a.nd second of these processes do not
indeed directly r educe the pressure but only the density
o.f the air stratum while they increa.se its volume. In order,
therefore, that the ohserved e:fl'ect may follow, a portion
of the higher atmosphere must be removed, and this will
n ecessarily fkiw away fo rngions where t he productim~ of
vapour is at a minimum, viz., the polar and cooler port10ns
of the tempera.ture zones, and mor 1~ especially those where
a cold dry land surface radia.t es rapidly under ::i winter
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sky. Such an expanse is the great northern plain of European Russia and \Vestern Siberia north of the Altai."

In 1886 we got the first fruits of the observations of the
· widened . lines in 11>un spots, which had been obtained on a
definite plan, since 1879. The changes which occurred from
a spot-minimum to a spot-maximum, and some distance beyond,
-had therefore heen recorded. 'l"he changes were :inost marked,
· showing a great change in the chemistry of the spots at these
times. At minimum the lines chiefly widened were those of
iron and some other metals, but at the ma.x imum the lines
widened were classed as " unknown," because they had not
been recorded in the spectra of the terrestrial elements. It
was reasonable to suppose, therefore, that the sun was not
only hotter at maximum, but hot enough to dissociate iron
vapours.*
In 1891 J anssen's suggestion of 1809 wa.s brought into a
practical shape :for observatory work, by Hale and D eslandres, t
and the prominences on the sun's disc, and surrounding it,
were photogra,phed in full daylight by using only the light
radiated by the calcium vallour, which they always contain.
By the year 1900 we had accumulated, at South Kensington,
observations of the widened lines for a period of over 20 years.
There was a curious break in the regula.r ity of the results
obtained after 1894, and the Indian meteorologists reported
contemporaneous irregularities in the Indian rainfall.
I determined, therefore, to make a connected enquiry into
both these classes of phenomena. Thanks to the establishm ent
of the Indian Meteorologica1 Department in 1875 we had
rainfall tables extending over a quarter of a cm1tury, and in
the tropics, where the problems might be ta.ken as of tbe
simplest, to compare with the new solar data..
I have already stated that in the preliminary discussion of
the most widened lines observed in the sun spots up to the
year 1885 a most remarkable differen ce was O·bserved in the
lines observed at sun-spot ma:s:imuin and minimum. This continued till about 1895, another ten years. As the curve of
iron lines went up, the curve of "unknown" lines ca,me
down; there were therefore c1·ossings ~th e curves which might,
on the hypothesis before referred to, be t aken as the times
at which the t€mperature of the sun had a mean va1ue.
'l'hese crossings turne d out to be a bout h alf-way between the
· maxima and minima of the rspott~d area which h ad to be
considered as the t.irnes at which the sun was hotter and colder
· than the mean.
0
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We were then brought into the presence 0£ three wellmarked stages of solar temperature- it was no long er a question
merely of spots and no spots, hut 0£ hea.t pulses.
The next point was to study these heat pulses in relation
to the Indian ra.infall, and it was found that in many parts of
India the plus and minus heat pulses on the suu, which of
course, qccurred immediately after the time of mean temp~ra
tlue, when the sun was getting either hotter or colder, were
accompanied by pulses of rain in the Indian Ocean and the
surrounding land. It was next found, from a study of the
Indian Famine Committee's Reports, that the famines which
have devastated India during the last half century ha.ve
occun:ed in the intervals between the pulses.
In 1902, with a view of getting more light on the important
issues raised by the comparison of the solar heat pulses and
the Indian rainfall, I determined to reduce· the observations
of prominences made by Tacchini at the Observatory of the
Collegio Romano since 1874, and compare the Indian meteorological conditions with them. The reason for this step was
that the admirable photo.graphs o£ the promineiwes on tha
solar disc, published by Hale allid Deslandres, showed the
extensive area over which they were distributed. An a.r gument
which has been used against the possible connexion between
solar and terrestrial changes was based upon the small area
covered by spots. In 1877 Eliot wrote as folfo.ws: - *
" So far as caJl be judged from the magnitude of the
sun spots, the cyclical variation of the magnitude 0£ the
sun's face free from spots is very small compared with
the surface itself; and consequ ently, according to mathematical principle, the effect on the elements 0£ meteorological observations for the whole ea.rth ought to be small."
Now the photographs, to which I have referred, exhibited
broad bands of prominences extending almost across the whole
disc, and if we assume two belts 0£ prominences, N. and S., 10°
wide, with their centres over latitude 16°, a sixth 0£ the sun's
hemisphere would be in a state 0£ disturbance.
Hence it
followed tha.t the prominence effect, when fully studied, might
be much more striking and important than that produce.cl by
spots.
The prior work in connection with the Indian rainfall had
shown not only that there was a clos·e connection between
pressure and rainfall, but that the p11essure was much the more
constant element over the different areas. Th'e C()mparison
with the prominience.s ()btain€d £mm the discussi·ono£ 'racchini's
results was in the fir st instanoe compar·ed with the Indian
pressure curve.
" R eport on the Meteorology of India, 1877, p. 2.
l4985
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The :result was magnificent. In addition to the well-marked
prominence maximum at the· maximum of the spotted area,
there were others corresponding approximately with the
" crossings " of the widened lines, and all were re-echoed by the
I ndian barometers· !
The sun-spot cycle of eleven years gave way to a pr'ominence
cycle of about 3·7 years, and by this interval; as a rule, are
the I ndian pressures separated.
To see whether such a striking and important· result as this
was limited to Indian ground, the important series of pressure obtained at Cordoba in South America were studied. H ere
the same effect was also most marked, but with the important
di:ffernnce that the curvies were inverted; that is, high pressure
years in I ndia were represented by low pressiue years in
Cordoba.
In order to extend the Indian and Cordoba areas and see
how fa.r these conditions prevailed, the pressure variations of
stations as widely distributed as possible were examined.. The
result of this inquiry showed that the world might be divided
roughly into two portions.
ThB I:Q.dian area was found to
extend to Australia, East Indies, Asiatic Russia, Mauritius,
Egypt, East Africa, and Europe, while the Cordoba region
might be sajd to include not only South and Central America,
but the United States and Canafla, e·x tending further west than
Honolulu.
This discovery of this ba.rometric surge, which has been
corroborated since by Prof. Bigelow, was an important advance,
and will enable the investigator to connect up regious that
undergo similar pressure changes.
In addition to the t.wo periods, namely, 11 arnl 3·7 years,
mentioned above, Brlickner* has pointed out that there is a
long period weather variat'ion. His discussion o:E all the a.va.ilable data of pressure, rainfall, temperature, &c., led him to
conclude that there is a periodical variation in the climates
over the whol e earth, the mean l ength of this period being
about 35 years.
·
Since this work, a recent discussion of the sun-spot data by
Dr. W. J. S. Lockyert has brought to light a simi lar long perio<l,
and this has taught us that each eleven-year cycle is di:fferent
from the one immediately preceding and that following it.
A further inquiry into the distribution of the solar prominences, as observed by Respighi, Secchi, Tacchini, Ricco, and
:Mascari,+ has resulted in increasing our knowledge of the cir-

° Klimaschwankungen, Ednn.1.'n R1·lickner (Vienna, 1890).
t Proc. Roy. Soc. Vol. GS, pp. 285-300.
.
- .
t M'emorie della· Societa degli .Srettroscopisti Italiani.
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culation 0£ the solar atmosphere. The centres of prominence
action, or the centres 0£ the prominence belts, ha.v e a tendency
to move from low to high latitudes, the opposite 0£ spots;
generally speaking, two belts in each hemisphere exist for
some time, then they couple up and move towards the solar poles,
while in the meantime a. new belt begins to form in low
latitudes.*
The existence or prominences in the polar regions is coincident with great magnetic disturbances on the earth, just
previous to or about the time 0£ sun-spot maxima.t Further,
these polar prominences are responsible for the existence 0£
large coronal strea.mers near the sola.r poles, as seen during
solar eclipses about the time 0£ sun-spot maximum. In fact,
recent research seems to indicate that this prominence circulation is intimately associated with all the different forms 0£
the_corona.+
There seems little doubt, therefore, that we must look to
'the study 0£ the solar prominences not only as the primary
£actors in the magnetic and atmospheric changes in our sun,
but as the instigators 0£ the terrestria.l va.ria.tioJ1s.
In dealing with solar phenomena, especially from a meteorological point 0£ view, it is 0£ great importance that the solar
disc be treated in zones and not as a whole.
Just as it has been shown that the· prominences sometimes
exist in these zones in one hemisphere at one time, so is this the
-case with spots, but, unfortunately, it is only until very recently
the phenomena occurring in each hemisphere have been treated
in this manner.

It has alre·a dy been pointed out that a possible connexion
existed between changes in the spotted area 0£ the sun and
terrestrial temperatures. Quite recently this question has been
studied by Charles Nordmann,§ who finds that-"The mean terrestrial temperature exhibits a period
sensibly equal to that 0£ solar spots; the effect 0£
spots is to diminish the mean terrestria l temperature,
that is to say, that the curve which represents the variations 0£ this is parallel to the inverse curve 0£ the
frequency 0£ 's olar spots.".

*
t
:t

Proc. Roy. Soc., Vol. 71, pp. 446-452.
Ibicl, pp 244-2_50 .
Monthly Notices R..A..S., Vol. LXIII., 1903.
§ Comptes Rendus, No. 18, 4th May, 1903, Vol. 136
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APPENDIX VIII.

'rHE USE OF RADIO - ACTIVE SUBSTANCES AS
COLLECTORS OF ATMOSPHEH.IC ELEC'l'RICITY.
By M.

ADAM PAU L SEN.

I have already given a brief description of the apparatus
for determining the electric potential of the air during
my stay in Iceland (1899-1900), in a short paper, printed with
the R eports, presented to the Meteorological Congress of Paris
in 1900. A filter paper was rubbed with a r adio-active powder
and placed Qn the upper surface QI a disc QI oopper, which
formed the CQllector. This apparatus was unsatisfactory, as
it could not be used during damp weather. An attempt was
n1ade in Iceland to cover the powder with a sheet 'of aluminium,
but it was nQt possible to pr·e vent the powder from slipping
from beneath the sheet.
u~ecl

M. La Cour, the present head of the weather service of the
Danish Meteorological I nstitute, has perfected the apparatus
so that it can now be used under all meteorological conditions.
For this purpm;e, tlrn radio-activ-e powclm· is mix-eel with a
solution of india-rubb~r so as to form a paste which is spread
on a oopper disc which acts as the coll-ector. Bdor-e th-e paste
sets, a piece of oopper gauze is pressed against it so as to
sink it slightly into tl1-0 past-e without covering the threa.rls of
the gauze.
This is th-e afrangement of the e1ectrocle which M. La Cour
used during his stay in Finland (1900-1901). Should the
paste get moiist~me d by rain -water, its action is retarded, but
by drying it, it can be brought back to a ,~atisfactm·y state of
activity; it n eeo only be slightly heatert .
To test the insulation of the meta.I disc used as a collector,
und of the electroscope with which the potential of the air
was measured, the electrode was covered with another copper
disc, and an electric ch arge communicated to the whole system.
I have the honour or presenting to you the apparatus which
was in use in Finland. Insulation was secured, as in Iceland,
by m-eans of .a ·cylincl-er of paraffin fixed at the bottom of an
earthenware vessel.
The paraffin projects into an inverted
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metal vase, whose bottom rests on the upper end of the column
of paraffin. 'l'he object of thus surrounding the insulator was
to prevent the deposition of dust or the precipitation of water
or ice on the surface of the paraffin. 'l'he experiments made
in Iceland and Finland have shown that the paraffin always
gives good insulation.
Such was the apparatus used during the stay of the Danish
Expedition in Finland. With a powder of a radio-active power
Qf 1,000, the potentia l Qf the air in CQntact with the disc is
obtained in I! seconds. The instrument is consequently liable
to show immediately any sudden and transient changes of the
atmospheric po'l-,ential. The aipparatus might,. perhaps, be made
to retain its great sensitiveness during rain bv replacing the
disc under such circumstanoes by another, of which the lower
surface is also covered with a paste of radio-active powder and
protected from the rain by a small screen attached to the edge
of the disc.
H the apparatus appears to you to be worth attention, I
venture to recommend it for examination at the observatories
in which measurements of atmospheric electricity are carried
on. It need hardly be said that the insulator oould be put in
any of the rooms of the observatory.
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APPENDIX IX. ·

THE APPLICA.TION OF RADIUM SALTS TO THE S'rUDY
OF ATMOSPHERIC ELECT'RICITY.
By M. MouREAUx.
In observations of Atmospheric Electi·icity the potential
. of the air is usually obtained by means of a water-dropper.
'rhis arrangement, which works perfectly in warm countries,
· often becomes useless in our climate on account of the freezing
cof the water, as the reservoir is frequently placed on the top
of a high building where there are; no arrangements· for
warming it. Attempts have been made to protect the nozzle
of the . water-dropper against frost by covering it with wool,
or by adding a certain amount of alcohol or glycerine to the
water, but these arrangements present great .difficulties in
practice. As a matter of fact, the registration of variations
of potential is frequently interrupted in winter, at any rate,
<luring severe frosts.
'rhe discovery of the salts of radium, by M. and Mme. Curie,
has provided a new method which is applicable during all
seasons. M. Curie has had the kindness to put at our disposal
some samples of radium salts of different degrees of activity,
and we have stu<liel1 them successively by comparing them
with the water-dropper in ordinary use.
'rhe arrangement
provisionally adopted in these experiments was as :follows : In .a copper disc of .a.b out 4 ems. diameter .and 2 mms. thickness M. Curie had a cavity of 15 mms. diameter and of half
the thickness of the disc scooped out; a tb in layer of asbestos
was placed in the bottom of this cavity, and on this O·l gr.
of chloride of barium containing l':lllium wa,s placecl A pl.at>e of
aluminium O·l mm. in thickness was t hen car efully so1dered
on to the copper disc so as to cover the salt and to completely
seal up the capsule thus formed. A copper tube, of exactly the
same size at its free end as the usual orifice of the water
reservoir, was soldered on to the reverse surface of the disc;
the p~tential of the air could then be obtained at will, either
by means of the r adium, or by mean s of the water-dropper,
at two points in the atmosphere as n ear each other as possible.
'rhe ·expe.ri'menbs wer.e tried .at the Ubserv.atory of Pare ·S aintMaur during March and April, 1903, with the apparatus there
in u se.
Th1'ee capsul·es were studied s ucce1*!i1·dv.
In I.he
first, one of the first samples of radium obtained - bv M. and
Mme. Curie in 1899 was placed ; its radio-activity had not
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been determined. Experience showed that in every case the
radio-activity of this salt was insufficient; the needle of the
electrometer was brought into equilibrium with the potential
of the air only very slowly. Rapid variations were considerably damped, and,. moreover, the curves traced always showed
a distinctly lower potential than those obtained with the waterdropper; the return to the z.ero was also ·e xtremely slow.
The second capsule contained some chloride of barium of
radio-activity 5,000 times that of uranium.
The curveo
obtained with this second specimen do not differ sensibly from
the preceding ones; they show that in this case, · also, the
radio-activity is not sufficiently great to insure the values
recorded being equal to the true potential of the air in the
neighbourhood of the capsule, and the details of the variations are also reduced or even suppressed by reason of the
slowness of the motion of the needle of the electrometer.
Finally the thinl cap.sule r011tained 0· 1 gramme of chloride
of barium containing radium of activity 30,000 times that of ,
uranium; this d€-gJ'e·e -of activity renders the oonsiti.ven·ess of the
apparatus comparable wi th that of the water-dropper. Figs. 1
and 2 .ar.e photographic reproductions of two of the daily c1uves
traced by the r·ecorder while this third capsule was placed at the
encl of th':l jet. Iu the c.ase of the fir t curve, the potential was
determined, at fixed intervals, .alternately with the radium
and with th~ water-dropper; it will immediately be seen that
the state of equilibrium and the return to the zero are effected
with equal rapidity under both conditions of the experiment.
'fhe same details are obtained with the radium as with the
water-dropper, and the curve is continuous at the points
where the capsule was put on or taken off.
The experiments were continued for several days and always
gave the same results.
The curve of Fig. 2 has been obtained entirely with the
third capsule; it differs in nothing from those obtained with
the water-dropper. This capsule is now in regular use at the
Observatory of P ar e S.aint-Maur; control expeTiments are
carried out from time to time to make sure that the radio~
active salt has lost none of its energy.*

* Since this note was prepared (August 1903) the aluminium plate was
found (in November) to have been affected in course of time bv the emauations from the radium ; it shows a large number of perforations, and the
metal, having been worn away above the cavity, no longer afforded sufficient
protection. M. Curie is of opinion that a good varnish will protect the salt
from changes of humidity as efficiently as a plate of aluminium ; experiments
have been successfully tried by spreading three coats of a special varnish,
used in the coaches of the "voitures de luxe," over the whole face of the
capsule. This varnish, which resists inclemencies of weather well, secures
complete and permanent protection and, moreover, it presents the further
advantage of diminishing the resistanre which the plate of aluminium
opposes to the emanations of the radium, so that by suppressing the aluminium
plate it is possible to use a salt of smaller radioactivity which can be obtained
at a lower cost in the type of apparatus definitely adopted. The experiments
have been continued in this manner on the advice of M. Curie.

72
The process then has the necessary efficiency, provided that
the salt is endowed with sufficient radio-activity, and that
it is completely protected from the effects of moisture.
'l'he advantages of the employment of radio-active salts for
the observation of atmospheric electricity are numerous;
among the principal ones may be mentioned, constancy of
the height above the ground of the point at which the potential is measured; the ease with which the point may be raised
above buildings, trees, and other obstacles of any kind which,
by modifying the course of the equi-potential surfaces, deprive
the actual observations of a great deal of their value; complete avoidance of the breaks in the records caused by a
stoppage of the flow due to dirt in the water or enforced by
the severity of the temperature; less constant attendance;
suppression of the reservoir and consequent diminution of the
cost of installation and maintenance; extension of the method
to the polar regions where the study of the phenomena is particularly interesting.
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APPENDIX X.

ON 'l'HE ME'l'EORULOGIUA.L SERVIUE OF 'l'HK
AZORES.

By M. F. A. CHAVES, Director.
An account of the organisation of the meteorological observations of the Azores which were to be maintained by an
international grant, in accordance with the project put forward
by and under the di·stinguishecl patronage Qf His S.erene
Highnesa Prince Albert I. of llfonaoo, wa.s presented
fo the International Meteorological Congress which met in
Paris in 1900. *
Shm·tly after this, His l\Laj-esty t h e King QI Portugal, Dom
Carlos I, deigned to inform me of his desire to establish such
a service at the sole expense of Portugal. \~Tith the consent
of his Government, I was charged with the organisation of
this meteorological service; the Legislature, sanctioned its
formation in June, 1901, and work was commenced under my
direction in the following October.

'l'heir Majesties the King aml Queen, desiring to give expression to the great interest which it was their pleasure to take
in the new institution in a striking manner, came to the
Azores to l ay the first stone of the Meteorological Observatory
at Horta.
Under the distinguished patronage of a Sovereign so enlightened and so devoted to the progress of Science and
Navigation, the meteorological service of the Azores has been
organised as follows : S·rAFF.
A director, whose duties consist in supervising the work of
all the observatories of the Azores, and whose usual place of
residence is at the Island of St. Michael.

* Report on the proposed establishment of an international meteorological
service at the .Azores. Printed at Monaco 1900.

•
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At St. Michael.
One superintendent, to undertake magnetic and seismological observatio'ns, three meteorological assistants, and one
servant.

At T erceim.
Two meteorological assistants.

At Fayal.
One superintendent, one meteorological assistant, one servant.

At Flores.
A similar staft to that at JTayal.
•

The chief -officers of the semaphore stations at .F erraria and
Arnel, on 1S t. Micha.el, and at CapellinhQs, on Fayal, are paid
by the meteorological service of the Azores to make meteor<?logical observations, which are sent by telegraph every day
to the observatories at Ponta Delgada and Horta respectively.
OnsERVATOitrns.
Observatories have been installed on the Islands of SL
Michael (at Ponta Delgada), Fayal (Horta), 'l'erceira (Angra),
and Flores (Santa Cruz).
The :Meteorological Observatories of Horta and Santa Cruz
ca.rry on their work in provisional buildings ; those of Pon ta
Delgada and Angra have been definitely installed under favour-able conditions in former convents.
Buildings for the Meteorological Observatory of Horta and
for the Magnetic Observatory of Saint Michael are at present
in process of construction.
The site of the latter is about 6 kilometres distant from the
town of Ponta Delgada, in a region. exclusively devoted to
the culture of cereals, and free from water-courses which could
be used as •Son r 0es of power for dynamos. It consists
of a residence for the sta:fI, some structures of wood to house
the magnetic instruments, similar to those used at Cheltenham
"(near 1Vashington), and a building for the seismographs.
In addition to the services nescribed in the report mentioned
above, I have to draw attention to the following particulars:-

1. Since 1901, the Islarnl of Fayal has been in possession
of four cables (in addition to the Horta-Ponta Delgada-Lisbo11
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Line), which }JUt it in <lirect and constant communication
with the U nited States (landing place, New York), Canada
(Canso), Germany (Ernden), and England (Waterville). A new
service 0£ meteorological telegrams has consequently been
established, by means 0£ these cables, between the Observatory
0£ Horta and the Weather Bureau 0£ \i\Tashington, the central
Meteorological Offices· of Paris and London, and the Deutsche
Seewarte 0£ Hamburg.
2. Seismographs have been installed at Horta and Ponta
Delgada and .h ave been in use since December last.
3. A chrononrntric station has been eS"tablishtid at the :M'ete<n·ological Observatory 0£ P01ita Delgada, and has proved itself
to be 0£ great value to navigation. The comparison 0£ chronometers is undertaken gratuitously for all navigators on appli~ation.
The time is sent by the Roy.al Astixmomical Obstirvatory 0£ Liflbon , and is r·eceived on a11 ·electric chronograph so
arranged as to afford a direct comparison 0£ the Lisbon clock,
not only with that 0£ the station, bi1t also with any other
chronometer.
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APPENDIX XL
1'HE USE OP 'l 'HE HAHt HYGROME'rER INS'l'EAD OF
1'HE PSYCHROME1'ER.
By M. J. M. PERNTER.
In 1899, at the Meeting of the International Meteorol0g1cal
Committee at St. Petersburg [the use of the psychrometer at
stations of the second order (Report of the International
Meteorological Committee, 1899)], I proposed a resolution to
the e:ffect that the hair hygrometer is to be preferred to the
psychrometer at stations of the second order, at which the nonv·entilated phychrnrneter is generally emp-1--oym:l. 'Phe Ovmmittee did nl{)t foel ·themselves to be in a positi•on to pronouncf:
an opinion on this question. I had not then at my disposal
the results of the experiments which have been made at the
l{.K. Centralanstalt at Vienna under my direction, and I
therefore contented myself with stating that I would renew my
proposal when I should be in a positi-0u to bring before the
Committee the details of the results of our experimental researches on the hair hygrometer. That is what I propose to
do to-clay, by moving the following resolution: "The Committee are of opinion that the hair h,ygrometer is at least of
equal va.lue with the non-ventilated psychrometer, and that
in ca.ses in which it i.s not possible to haYe both instruments,
and in which a ch·oice hn.s fo be mad.e behv·een one or other,
the · h.air hygrometer is to be preferred."
On this occ.asion
my proposal is based ou th·e ;e xtensive rnsearcheis of Dr.
P'ircher [lJ eber Haar Hygrometer (Denkschriften cler kais.
Akad. cl. Wiss. in \Vien 73 Bel. Jubelbancl der K.K Centralanstalt £iir Meteorologie, p. 267)], which are known to all. The
conclusions to which his re.searches hav.e led him are· the
following· : (1.) The values of the humidity indicated by the hair hygrometer .are indepe111l·ent of the temperature of the air.
(2.) Th·ese values may di:ffer from the humidity of the surrounding· air by as much as 4 per cent.
(3.) The aspirated psych1XJmeter gives ·even larger differ-ences.
The .aspirated psychrnmeter and the hair hygTomeiter may
give cli-ffie-r·ences of humidity up to 5 per oont.
(4.) The error of the non-ventilated psychrometer is at times
double that g·iven by the hair hygrometer (also non-ventilated),
even though the psychrometric factor corresponding to the
force of the wind be used.
(5.) The indications of the hair hygrometer are independent
of the force of the '''ind, those 0£ the psychrometer, on the
contrary, depend greatlv on the velocity of the wind.
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(6.) The sensitiveness of the hair hygrometer is much greater
than that of the psychrometer.
'ro these advantages, which the hair hygrometer possesses
over the psychrometer, may bt:i added the following : (7.) The hair hygrometer gives the humidity of the air by
direct reading, and the tension of the aqueous vapour can be
easily and rapidly calculated by means of the temperature
of the air. If tables of the tension of aqueous vapour are
desired, they can be easily calculated and are much shorter
than psychrometric tables.
(8.) The hair hygrometer will work normally also at low temperatures, whereas the psych1xnnetei· l'Cquir·es a trained experim enter in <>rcler fo giv·e satisfocfory results under these circumstances.
(9.) The hair hygrometer is the only type of instrument which
can be employed in " ball<>ns-s<>ndes " experiments, and even
in ascents with m anned balloons the ventilated psychrometer
gives incorrect results, whereas the hair hygrometer remains
exact.
In discussing the advantages of the hair · hygrometer, the
defects of the non-ventilated psychrometer must also be considered. The formula for the psychrometeT is not theoretically correct; it as a formula based on empirical co-efl:icients.
It r equires a knowledge of the constant A in the formula

e"

=

e' -

A h (t -

t' )

But A is found to vary with the velocity of the wind. Consequently three different values for A have to be u sed:
A = O·OOI2 in calm weather, O·OOOS when the wind is light,
and o·000656 when it is strong. But that is not all. The
value of A also depends on whether the wet bulb is covered
with water or with ice.
In the latt er case, the · above
values becom e respectively A = 0·00106, A = o·000706, and
A= 0·0005 79. Nor is t his .all! M. SvBn·S·son hais .shown* that
this factor changes with the humidity itself, in such a manner
that A diminishes as the psychrometric differen ce increases.
In consequence of this, it is necessary to substract foom e' not
only the quantity A h (t- t') but also a furth er correction E
and M. Sv·en.sson writes the •equHtion in the form
e11 = e' - E - Ah (t - t')
in which A decreases in such a m anner that the results do not
differ much from those given by the ordinary formula. But
even if this last variation of A, which has only a small effect
on the result, be neglected in practice, although its influence
is always inconvenient if great accuracy is desired, the other

* A. Svensson, Zur Kenntniss des ventilirten Psychrometers (Akademische
Abhandlung : Stockholm, 1898, p. 34).
Meteorologische Zeitschrift,
Vol. xxxi, p. 213.
·
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variations remam and render the use of the psychrometer
inexact.
But the determination of the pressure of the aqueous vapour
in the air does not depend only on A, but also on the barometric
pressure h. For this reason it becomes necessary to calculate
e" :from different tables for -each change of th-e barom-ewr
exceeding 40 mms. (1'6 ins.). The changes in the height of
the barometer never exceed 40 mms. at any one station, and,
consequently, sufficient accuracy is attained if the mean height
of the barometer be used in the :formula when calculating a
psychrometric table. But fol' another station, at which the
mean height of the ba,rometer differs from the adopted value
by more than 40 films., anotheT table must be calculated.

I:f we restl'ict ourselves to stations of which the altitude
does not exceed 3,000 metres, we have already 7 different
tabl-es ; but as we hav-e seen above, we hav-e to consider 6 different values of A, which gives 6 x 7 different values of A 'h,
and consequently 42 psychrometric tables. In the :following
table I hav'e put togethf)r these different values o:f Ah, with
the help o:f which the tables can be calculated:-

-

Calm ...

{Water
Ice

Light
wind.
Strong
wind.

mms. mms.
715
755

mms.
672

mms.
638

mms. mms. mms.
fi94
558
524

...

0·906

0·858

0·805

0·758

0·713 0•669

0·626

...

0·800

o·758

0·712

o·667

0·630 o·578

o·555

0·604

0·572

0·538

0·506

0·475 0·446

0·420

0·533 0·505

0·475

0·446

Q-419 0·394

0·3i0

...

0·495

0·469

0·441

0·415

0·390 0·366

0·344

...

f)-437

0·414

0·389

0·366

0·344 0·323

0·303

Thermometer
covered with

{Water
Ice

I{::·&

...
...

I have, as a matter of :fact, used these 42 :factors to calculate
the " Kurne Psychromewr T'31bellen" (abridged psychrometric
tables) published in the new edition of Jdinek's " IP sychrometer Tabellen." As w-e hav·e . seen above, the hair hygrometer
is independent not only o:f the speed of the wind and o:f frost,
but also o:f the pressure of the atmosphere. In spite of these
and several other advantages o:f the hair hygrometer, the
psychrometer possesses one advantage, the importance o:f which
cannot_ be denied; there is no necessity :for verifying its readings from time to time; the corrections of the thermometers,
once determined, remain constant. On the other hand,. the
hair hygrometer has to be examined from time to time, and
its readings cannot be relied on unless the point 100 is £re·
quently verified.
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But ·this does not mean t hat t he psyc"hromet er r equi res no
attention. On the contrary, constant ·care is needed to see
that it is well moistened, and the muslin must be frequently
changed, at least once a month. But this involves much more
work than the verification 0£ the hair hygrometer and the
testing of the saturation point, which need only be done once
every three months. This advantage which the psychrometer
possesses depends of the fact, that the thermometers remain
constant, or should .any separation of th~ mercury · in the
column occur, it is noticed immediately. On the other hand,
it is impossible to tell whether the indications of the hair
hygrometer have altered without making a fresh determination
or the point 100. This is especially. true when the changes
take place in a continuous manner, and for this reason it is
neoessary to test the instrument faXJm time to time. H -the
changes are sudden, an observer, even one of little experience,
notices the error immediately. Consequently no such great
ini.portance need be attached to this superiority of the psychrometer as to preven t us from stating that the hau h ygrometer
is an instrument of at least equal value.
Excellent hair hygrometers can now be obtained. ·v1 e have
plaood an instrument of this type, invented by Dr. -Schmid of
Bruck-on-the-Mur, in the exhibition of meteorological instruments at Southport. This hygrometer will, we believe, satisfy
all demands made on it.*
In spite of what I h av·e said, 1 a m no oppon·e nt of the psychrometer for temperatures above the freezing point of water . On
the contrary, I think it is highly desirable-if sufficient money
is available-to use both the psych rometer and the hygrometer at stations of the second order. The rea dings of a wetbulb thermometer h ave, above all, great physiological value,
as indicating the temperature of the skin of the human body.
F or this r eason these temperatures must be r egarded as a most
important climatological el ement. I have arranged the new
edition <rf .Telinek's tables in such a way that it will be possible to use psychrometer observations for obtaining the
humidity of the air with sufficien t accura cy on all occasions
wh en the wet-bulb is not covered with ice. B elow the freezing
point, whether satisfactory results are obtained with this instrument, depends entirely on the efficiency, attention, and
patience of the observer.
By reason of what I hav·e .sfated abm ·e, I now a·s k the
Committee to accept my proposal, and to adopt a resolution to
the effect that the hair hygrometer is an instrument at least
of equal value to the non -ventilated psychrometer, and that
consequently the hair hygrometer ought to be preferred at
stations of the second order in those cases in which both
instruments are not used.
1

• A description of this instrument will shortly be published,
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APPENDIX XII.

NOTE ON THE HAIR HYGROMETER.
By M.

RYKATCHEW.

Richard's self-recording hair hygrometers have been used
since 1895 for observing the humidity of the atmosphere at
Pawlowsk, and the hourly values of that element are published
in our "Annales "; a small type of instrument was used
during 1895, another one was substituted for this during
1896-97, and since 1898 an instrument of a large type has
been in use.
Throughout the summer months (May to September) the
readings of the hygrograph were checked by means of daily
observations of a . ventilated psychrometer, made at 7 a.m.,
1 p.m., and 9 p.m. The mean result of this checking is to
show that the values given by the hygrograph are too large
after a dry period and too small after a damp one. This will
be seen from the following twble, which gives mean values for
two sets of observations, one containing the observations made
after a relatively dry interval of 24 hours, during which the
humidity remained below 90 per cent., the other the observations made at the close of intervals of great dampness during
which the humidity remained between 99 and 100 per cent. for
the preceding 24 hours : -
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...
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- 0·4

245
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2·8

1·0 .

2:8

_.:..I ·9

-1·7

o·8

-0·9

413

4·0

3-1

1-4

2·8
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9 p.m.

eo
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Per
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- 1·9

2·0
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-1·5

2-7

2·3
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2-2

1·9

218

CXl

.......

-

It will be seen that the result is the same for each of the instruments, and for all the year's consi dered; the
hygrograph gives valu,es which are too high by 2 per cent. after dry periods, a nd too low by 2 per . cent after
damp periods. 'l'he mean amplitude of the diverg·ences ,s hown by the hygrograph is ther.e fore 4 per cent., depending on the humidity which pl'evai1ed during the p; evious 24 hours.
~

In the following table the di:fferences at the moment of observation, after dry and damp periods respectively, have been grouped according to the relative humidities prevailing : -
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-
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These results show that the greatest differences occur when
the humidity is 80 per cent.
The following inve stiga tions show that the correction of the
hygrometer r emains more n early constant when the instrum ent is k ept in a very moist atmosphere during the interval
between the observations than when it is exposed to ordinary
conditions. From July, 1900, to the end of the year 1902,
simultaneous r eadings of a psychrometer and of two hygrom eters wer e taken at St. P etersburg at the fixed hours · of
observation; both these hygrometers were placed in Russian
screens, th e one in its cage, t he other without it ; the latter
remained under a bell-jar, p art of .which was covered internally with muslin saturated with water. The humidity under
this b ell-jar was about 97 per cent. during the summer months.
Ha lf a n hour ·b efore each obser vation the b ell-jar was re moved.
T a.Me III., p.age 85, g ives th£: me.an corrections 0£ the reading1s of these hyg1~ometevs at humidities 0£ 80 per cent. a nd
60 p er cent. 0£ saturati>0n re£ernid to t h e psy cl11XJin eter obs-ervations.
The diurnal range of the differences between the readings
of the hair h ygromet er and those of the psychrometer is much
diminish-eel in the case >0£ the hyg1ximeter, which is -exposed
to a high humidity during the intervals between the observations, as may be seen foam the mean values given in Ta bloe IV.,
page 86.
Mornover, it was foun-d that the di:ff.er enoes 0£ the corrections
applied to -each •DI the PDhservahoTus from th e mean correction
wel'e greater for t h e hygromet.ei· u nd·er ordinary oonditions
than for t h at k ept in a very da mp atmosphere., as is shown in the
following tabl-e. (See Table V., page 87.)
The following experiments which were carried out at the
Central Physical Observatory by M. Choukevitch, between
28th July and 9th August, 1903, with a l arge number of hygrom eter s, s how that t h·e .differenoe.s l'ef.en,ed to .do nvt d·epend on
the psychrometer but on the humidity to which the h air
hygrometer h as b een exposed previous to the observation.
Throughout the experiments two of the h ygrometers r emained
in a room in whi ch the humidity r emained n early constant at
G5 per cent. They gave values of the relative humidity id entical with those given by an Assmann p sychrometer placed in
the room. The other h ygrometers and the Assmann psychrometer were placed inside a lar ge glass case which was closed
on all sides; two small openings, which could be closed at '"ill,
allowed of the psychrometer b eing moistened, and of th e ventilator b eing wound up. The humidity of the air in the case
could be varied by placing a more or l ess ·dilute solution of
sulphuric acid in it; to secure great humidities, the acid wns
l4985
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r·e placed by ~iightly . warmed water. . The _instruments were
read after the observer had satisfied himself that the humidity
h-a,d _ remained constant for at last half an hour . A£ter the
hygrometers had been exposed to a given humidity for a ce~·
tain length of time, they were taken out of the case and
readings were taken in the room in which the humidity had
remained almost constant. The results of these comparisons
which were repeated several times show that the hygrometers
always give values which are too high after exposure to a
dry atmosphere, and too low after exposure to a very moist one .
. For example, the hair hygrometer No. 29,557 gave the following IJOmparisons. (See Table VI., page 88.)
On July 30th the humiditv inside the case was successfully
maintained at 90 per cent. for a period of three hours by
means of a very weak ·soluti-0n of sulphuric .acid; during the
last hal£ hm1r the aspirated paychr.ometer invariably showed 90
p er ·cent., the hyg1,ometer 95 per oent. On the 31.st,· by using
pure water, the humidity was increased to 92 per cent., at
which point it was k ept oonstant; at the end of five minutes
the hygrometer read 97 p er cent., so that its correction hatl
remained constant; but after five minutes it commenced to
fall, and a£ter 20 minutes the reading was 90 per cent.; it
had, therefore, fallen by 7 per cent., while the humidity, as
shown by the psychrometer, remained constant. Immediately
after this experiment the hygrometer was placed in the room
in which the humidity was, at the time, 70 per cent.; the
hygrometer gave a reading which was less by 5 per cent. On
the same day the hygrometer was exposed to a humidity of
98 per cent., first for a p eriod of 15 minutes and then for
45 minutes. On both occasions the reading of the hygrometer
rose to a certain extent, but less on the second occasion than
on the first, and then it fell so that the final r eading at the
end of the experiment was 10 per cent. lower than that given
by the psychrometer. When placed in the room iri. which the
humidity remained constant at 70 per cent. the difference
·b etween its readings before the experiments began and after
·the la.st one was 6·5 per oent. A repetition of the ·e xperiments
vn the 4th, Ith, and Sth of August gav•e almost exactly the
same results.
T·en other hygTOmeters ·e xperime·n fod on .at the same time
gave similar variations. The following table gives the di:ffer ence of the readings of these hygrometers at a humidity of
70 per cent. before and after the experiment, as well as the
diminution of th·eir readings during the last 20 minutes while
they were exposed to a humidity of 92 per cent. (See Table
VIL, page 89.)
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CmTections of rlair ll.'IJ.fj1'1l11Wfers Compared with a Ventilated P sychrometer.
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Diff'e1·enccs: Hair Iiyqrom etcrs- Ventilated Psycltromete1'.
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Diminution of the Readin,qs of the Hy,q1•011wte1·s.
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9
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'l'h.e variation was 0£ the same sign in every case.
Ha hygrometer, after having been exposed to a. high humidity, he left for some time under · ordinary conditions exposed
to mode1,ate humidity, its corr·ection gradually re turns to its
fir.st value . Expe riments made by :M:. ,Choukevitch to study
this point have give n the _following results : TABLE
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Readings of the rlygromete1·s.
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89
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59
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61 *
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61 *
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59
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64**
66 **
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63 * '~

63 >l>*
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59
60

60
63

62
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§iJ
t'his table shows that the effect of exposing a hygrometei·
to a hig·h humidity decrnases after a time, but it sometimes
r·emains appreciable for 24 hours. On the other hand this
influence can be annulled by exposing the hygrometer to a very
low humidity.
This experiment was tried on August 8th
20 minutes after the instruments had been t aken from the
case in which the humidity was great; they were exposed to
a humidity of 30 per cent. for 20 minutes. After the observation, at 1 hour, had been made, this operation was repeated
during the time from 1 hour to 1 hour 30 minutes. The observations made after this experiment are shown by means of
t he signs * and **; they show th at the oorrection nisum€s
its original magnitude much more rapidly after this process
has been gone through.
All these researches and experiments prove incontestably
that the corrections of hair hygrometers depend very largely
on the degree of humidity to which they have been •exposed
during the time immediately preceding the observation. If
we further take into consideration the fact that, in addition
to t his ddect, the hygn:mietric capacity of hair changes in
course of time,* it does ·not appear to me to be prudent to
recommend the substitution of the hair hygrometer for the
psychrometer. · In any case, it is preferable to have both
instruments, the psychrometer for the summer and the hygrometer for the winter, as we have at our stations of the second
order.

* E very year a number of hy grometers at stations in our system become
useless because of irregularities in the read ings or want of sensitiveness, and
have to be replaced.

APPENDIX XIII.
REPORT ON RADIA'l'ION.

By M. J. \TIOLLE.
During the four year!" which have elapsed since the last
Meeting 0£ th·e Internahcmal Meteornlogical Committe«:~, work
on solar radiation has followed its normal course 0£ c1evelopment.
When the Committee established a permanent Committee
on Radiation, they did so with the object 0£ showing the interest
which they took in this fundamental question 0£ Meteorology,
and 0£ correlating the efforts which were being made by di££erent organisations so as to study it under all its varying
aspects.
The question is, indeed, an extremely complex one.
It
deman.ds a complete study 0£ 'e ach 0£ the simple radiations
which go to make up the total solar radiation.
'ViThatevei' be the type 0£ apparatus employed to isolate and
measure the energy 0£ a radiation, this energy will be k<nown
(1) on its arrival at the apparatus, and (2) on its enfry into
our atmospherie, i£ we ·sucoeed in cletermining (1) the loss
due to the apparatus employed, (2) the loss clue to the passage
0£ the radiation th1;ough the t e1T•estrial atmosphere. Then by
taking the sum of the individual energies 0£ all .the incident
radiations we can obtain the en.ergy 0£ the total radiation which
pern:~trates into our atmosphere.
To obtain the energy of the radiation emanating from the
sun it 1'rould further be necessary to know for each component
radiation :
(3) The loss which it su:ff-ers in its passage 1betwe-en the sun
and the earth.
It would also be useful to measure for each component
radiation:
(4) The loss which it undergoes in crossing the complex
atmosphere 0£ the sun (comprising in this term everything
outside the photosphere).
Only under these conditions would we know the amount 0£
the @ergy radiated by the photosph-ere.
Thiit programme, so easy to describe, cannot be easily realised.
(1.) Apparatus has been constructed which allows of the
accurate measur-ement 0£ the 'e n·e-rgy which a particular radiation gives up to it. Furth.er we can always ·evaluate the loss
which it 'e xperienoes in its passag·e through the apparatus itself
with sufficient accuracy.
The £rst part of our programme,
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the measurement of the energy received during one minute
(the unit of time usually a dopted in actinometry) by one square
centimetre of surface of the earth at a given point and at a
given instant, can ther·efor·e oe. r·egarcled as capable of .iJatisfactory solution.
(2.) The second part presents much greater difficulties.
Spectroscopic work had all'e.ady given valuable information on
absorption in the atmosphere, either by the help of photography
or by the use of the electric thermopile, when Mr. Langley
undertook his methodical .study of the spectrum (particularly of the part between 0·45 /;, and 2·5 µ,) with his bolometer
for different thicknesses of the atmosphere at successive hours
or the day and at increasing altitudes (principally at Mt .
Whitney). I need not dwell on the progress which has been
made in this branch of study. I will also not repeat what I
said in my last report concerning the complications introduced by our atmosphere, which are due not only to the special
absorption of each radiation by ·each of the atmospheric
constituents, but a lso to dispersion by dust particles of
·e very kind suspended in the atmospher e, and also by
the a ir particles themsit,l v·es.
'rhe consequ·ences of these
complications do not .appear to have been fully .appreciated in certain r·e oent rns·earches, in which it has
appaPently boon assumed that the amount of energy
received from the sun by one square centimetre of surface
placed at the limit of our atmosphere in one minute, a quantity usually called the sola1· constant, could be calculated if
the exact distribution of energy in the spectra obtained at
the surface of the ground and at a high level observatory were
determined.
But even if we allow that each individual
absorption conforms to Bouguer's law, is there no danger that
some rays might be completely absorbed by the upper layers
of the atmosphere and consequently escape detection·? And
is there no further danger of an appreciable and unknown portion of the radiation being deviated from its normal direction
by ·disper.sion, vr ·even entir-e-ly reflected frvm our atmosphere?
1

(3.) and (4.) But granted that by taking account of the known
effects vf absorption and dispersion, we ,ar.e ab1e to tr.ace •a curve
showing the probable variations of the true distribution of the
solar energy which reaches the terrestrial atmosphei·e, we can,
by tracing this curve for several years, obtain information as
to the variations due to different positions of the earth in space,'
and to changes on the surface of the sun, more particularly
in the spots, the influence of which can be othenvise discerned.
'(his immediately l eads on to a study or the influence . of the
solar atmosphere, which will naturally be made by comparing
the energies which reach us at the same instant from different
parts of the solar globe. This last part of our programme i13
thus directly conneGted with the earlier ones; and though it
presents difficulties of its own, it can h elp to throw light on
obscure points in the second part.

93
Mr. Langley'' proposes to continue his i·esearches at the
Smithsonian lnstitution, and to carry out a programme similar
to that which I have described. He has already published
some very important results deduced from his holographs,
which he now <>btains automatically in 15 minut-es, for the
portion of the spectrum between 0·45 iL. and 2·5 11 ; the area of
these holographs is directly proportional to the energy r eceived
by the bolometer. 'l'he •coefficient of transmission of the atmosph·ere wa.s meaisured at noon on '.S ix v·ery fin-e days for certain
points <>n the holographs where them .al'e no marked ahsorpti<>n bands; between 0·45 µ and 2·5 µ it is l"ep-1,es·e nted
by six very concordant traces corr esponding to di:fferent
seasons and to very different thicknesses of air. The holographs taken about noon on every calm day from February
to October, 1902, . show that, between o·76 µ and 2·0 ,u very
variable a.mounts of energy were received from day to day,
the amounts being pa.rticula1)y small during the summer
months. The diminution which is shown at this time of the
year is clue to the large quantity of water-vapour then present ·in the atmosphere. 'l'his is shown by a comparison of
the areas of the parts of the holographs which are known to
be greatly affected by water-vapour with those of the r est of
the holographs which are not so much affected. It is interesting to note that Mr. Langley has thus divided the solar energy
into two portions of very di:fferent capacity for being absorbed,
a distinction which had already been drawn by Forbes.
W e now come to the measurement of the solar energy given
by actinometers.
The determinations made by M. Chistoni,t who has workec1
for several years and at several stations with a VioUe actinometer and an A ngstrom pyrheliometer, call for special mention. M. Chistoni h as shown that these two instruments give
comparable results, and he has carried out an exhaustive
research on the Angstrom pyrheliometer.
M. A ngstromt has mad·e a further study of his compensation pyrh eliometer. \iVith the help of this instrument he has

* Langley, The solar constant and related problems (Astrophysical
Journal, vol. xvii. pp. 89-98, No. 2, March, 1903).

t Chistoni, Misure pireliometriche fatte a Sestola nell' estate del 1901
(Rendiconti della reale Accademia dei Lincei, t. XI, serie 5", 1902, 1er
semestre, pp. 77-84). Misure pireliometricbe fatte sul monte Cimone nell'
estate del 1901 (Ibid., pp. 479-48G et 539-541 ). Misure pireliometriche
eseguite a Corletto nell' estate del 1898 (Ibid ., t. XII, pp. 53-57). Misure
pireliometrich e eseguite a Sestola ed al monte Cimone nell' estate 189!l (Ibid.,
1903, 1er semestre, pp. 258-263).
:t K. Angstr5m, Ueber absolute Bestimmungen der Wiirmestrahlung
mit dem elektrischen Compensations-Pyrheliometer nebst einigen Beispielen
der Anwendnng dieses Instrumentes (Ann. der Phys. und Chem. Neue Folge,
t. LX VII, 1899, pp. 633-648) . Intensite de la radiat,ion solaire a differentes
altitudes (Nova acta Reg. Soc. Sc. Upsal, 1900). Energie clans le spectrt:
visible de l'etaloq Hefner (Ibid., 1903).
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analysed the visible radiation 0£ a He£ner element, and has
shown that Wien's law represents the distribution 0£ energy
in the luminous spectrum 0£ the He£ner lamp, and 0£ the
incandescent lamp satisfactorily.
- I will not repeat what I said in my last report concerning
the electric compensating pyrheliometer invented by :M:.
Angstrom. It is well known that the instrument consists
ess·entially 0£ two identical very thin metal bands, which are
blackened on one side and provi<led with a thermo-electric
junction on the other. These two thermo-elements are connected with a sensitive galvanoscope, which enables us to
determine whether the two bands are at the same temperature.
One 0£ the bands is exposed to the radiation, while the other is
protected by a screen, and an electric current 0£ suitable
strength is then passed through the screened band until the
galvanoscope shows no deflection. \Vhen this is the case, we
may conclude that both bands are in the same thermal state.*
H i be the strength 0£ the compensating current, ?' the resistance 0£ the bands per unit length, b their length, and a the
a bsOl'bing power IQ£ the bLacken·ed surface, then Q the intensity
0£ the radiation received in 1 minute by 1 square centimetre,
measured in calories, is given by the equation

Q = 60

ri 2

?'i2
=

4·l9ha

14•32
ba

As the temperatures 0£ the two bands are equal, the losses by
radiation convection and conduction must also be identical,
and require no correction. To this important advantage the
instrument adds the further one that it attains its state 0£
equilibrium in 10 seconds, as the exposed band does not require
more than 10 seconds to reach a steady state.
"Pour la
promptitude, oet instrument laisse done tous les autr-es pyrheliometTes en arriere."
I have already stated that the comparisons made by :M:.
Angstrom between this instrument and the one 0£ the older
type as adopted a nd mo clified by :M:. Chwolsen have shown a
very satisfactory agreement between the readings 0£ the tw.o
very different instruments, an agreement in favour 0£ both
giving correct values, and I have no doubt that the systematic
investigations undertaken by :M:. Chistoni will establish more
firmly the great value 0£ :M:. Angstrom's compensating
pyrheliometer.
·~ It appears that the ilisparity due to the different methods of heating
may be neglected. YI. Kurlbaum has shown that the difference of tempera·
ture between the surface and the interior of a sheet of platinised platinum
does not exceed 0·016° C. when the temperature of the sheet is 4° C. abo,·e
that of its surroundings (Kurlb&um, Wiedemann's Ann&len 1 Vol. LXVII,,
1899, p. 846).
.
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vVork with the instrument has been further simplified by
the substitution of an accurate milliammeter (the construction
of which has now been accomplished) for the electro-dynamometer formerly us·ed fo measure i .accurately, .and by the us·e
of mang.anine instead of platinum in the construction of the
' bands; the change in the electrical resistance of manganine
with change of temperature is almost zero, so that the small
correction which had to be applied for this cause when platinum was used can be neglected.
'rhe only remaining cli:fficulty is one which it possesses in
common with all instruments for measuring radiation, viz., the
determina.tion ·of the co~efficient of absorption, a. This question which has been .already studied by MM. Crov.a* and
Angstri:imt has formed the subject of an important research
by M. Kurlbaum,+ who has come to the same conclusion as
his predecessors, viz., that platinised platinum, thoroughly
smoked, is the .b est absorbent at pres·ent known.
But even this is no perfaict absorber; MM. Rubens and
Nichols have found that it absorbs the infra-red rays with
difficulty. Moreover, as its properties depend on the method
of preparation adopted, the co-efficient of absorption for the
rays ~onsi dered has to be determined specially in each case.
Among other d·evicea, Mr . .Bennett§ successfully u8ed .a sensitised paper for following the variations of the solar radiation
during the .solar eclipse of the 28th May, 1900.
Mr. Buchanan[[ successfully u sed a steam calorimeter during
the -same ·eclipse aft.e.r accurately d·etermining the loss ·e xperienced by refl.exion at the mirrors which he had arranged
to reflect the solar rays to the calorimeter.
The advantages of the radio-micrometer by Boys, of the
bolometer by P.aschen, :and, .abov·e a ll, of the self-1'egistering
apparatus of Cal1endar, appeal strongly to many scientists on
account of their simplicity, but the difficulties connected with
the exact evaluation of the results are almost insurmountable
on account of our ignorance of the true values of certain
C()nstants.~
·
() Crova, Comptes Rendus, Vol. LXXI., 1875, p. l z05; An nales de Chimie
et de Physique, 5th series, Vol. XT. , 1877 ,_p. 443 ; Comptes Rend us, Vol.
CXXVI., 1898, p. 707 (jointly with M. Compan).
t K. Angstrom, Ofversigt af K. ·vet . .A.kad. F6rhand., 1883, p. 385 ·
Wie<iemann's Annalen, Vol. XXXVI., 1893. p. 715. .
'
t Kurlbaum, .A.enderungen der Emiss'on nnd Absorption Yon
Platinschwarz nnd Russ mit zunehmender Schichtdicke (Wiedemann·s
Annalen, Vol. LXVII., 1899, p. 846) .
.
§ S . R. Bennett, Actinometry during partial solar eclipse (Royal Dublin
Society Proceed., Vol. I X., 17 October, 1900, pp. 365-376).
[[ J. Y. Buchanan, Solar calorimeter for eclipse observations (Cambridge
Phil. Soc. Proc., Vol. XL, January, 1901).
fl F. W. Very, Solar coi;i~~ant (Monthly Weather Review, Vol. XXIX,,
l 901, pp. Si\7-366) ,
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'I'he discussion of methods of experimenting and reduction
ha,s giv.en ris·e to many import.ant papers, by studying which.
an accurate survey of the question can be obtained. I must
confin.e niyself to mentioning them here.* The question of,
the part played by the atmosphere, as it presented itself recently
to the authors o# these memoirs, has specially occupied the
attention of M . A ngstrom,t who has attempted to determine
the exact effect of the water-vapour a,nd carbonic acid gas
contained in it. M. Ekholm:j: and M. Very§ hav·e 's tudied this
important question with great care. For my own part, I have
continued to inv·e stigate the variations in the loss due to the
atmosphere up to the greatest altitudes which can b~ reached
by " 1ballons-sondes."ll M . .As smann~ has also colle cted some
interesting observations on radiation carried out from balloons.
:By means of the spectrobolome ter, M. Very** has m€<as ur-ed
the radiations emitted from different points on the solar disc;
among other interesting results, he has found that · the atmosphere of the sun is more transparent at its edges than near
the centre. It is thus evident that progress has been made in
every direction during the last four years, and the work of
the Sub-Committee on Radiation has largely contributed . fa:>
this r esult. By publishing a complete and impartial review
of what has been done, and by drawing attention to the objects
still to be achieved, it has rendered a valuable and timely
service to Science.
It is now necessary to continue the work. The study of the
distribution of energy in the spectrum remains the most important part of our work, and we are assured that the labours
0 J. Scheiner, Strahlung und Temperatur der Sonne (Leipzig, 'vV. Engelmann, 1899 ; Crova, Sur la constante solaire (Paris, Congres international
de Physique, 1900); F. W. Very, solar constant (Monthly Weather Heview,
Vol. XXIX., 1901,.pp. 357 and 366) ; J. Y. Buchanan, Solar radiation (Nature,
Vo l. LXIV., 5 September, 1901); W. E. Wilson, Effective temperature of
sun (Roy. Soc. Proc., Vol. LXIX., 4 January, 1902, pp. 312-320); S. P.
Langley, loc. cit.
t K. Angstriim, Ueber die Bedeutung des Wasserdampfes und der
Kohlensii.ure bei der Absorption der Erdatmosphiire (Ann. d. Physik., vierte
Falge, 3, 1900, pp. 720-732); Ueber die Abhiingigkeit der Absorption der
Gase, besonders der Kohlensfore, von der Dichte (Ibid ., Vol. VI., . 1901,
pp. 163- 173) ; Einige Bemerknngen zur Absorption der Erdstrahlnng <lurch
die atmospharische Koblensii.ure (Kong!. Vetenskaps-Akademiens Fiirhandlingar, 1901, Stockholm, n° 6, pp. 381-389).
:j: Nils Ekholm, Ueber Emission und Absorption der Wiirme und deren
Bedeutung fiir die Temperatur der Erdoberfliiche ( Meteorologische
Zeitschrift, Wien, 1902, pp. 1-26).
•
§ F . W. Very, Atµ10sph eric radiation (U.S. Department oE Agriculture.
Weather Bureau. Washington, Government Printing Office, 1900).
\I .J. Violle, Actinom'3trie
en ballons-sondes (Comptes Rendus de
l'Academie des Sciences, passim).
'If R. Assmann, Die Sonnenstrahlung (in wissenschaftliche Luftfahrten,
herausgegeben von R. Assmann und A. Berson, Braunschweig, F. Vieweg
und Sohn; 1900):
F. W. Very, The absorption power of the solar atmosrhere _(The
Astrophysical Journal, Vol. XVI., 1902, pp. 73-91 ).

°
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of MM. Limgley and Angstri:im and their collaborators in
solar physics will be continued.
·
Correlatively with this, the action of our atmosphere must
be more :fully understood; the losses due to absorption and
diffusion are capable 0£ more accurate determination. The
method 0£ studying atmospheric absorption introduced by
.Mr. Langley will probably .c ontinue to yield val11able resulta.
The part played by diffqsion, which has been established.
theoretically by Lor( Rayleigh, and experimentally by MM.
Abney, Nichols, and Angstri:im, will be more precisely stated.
Mountain observatories, balloons, and kites will all help to
extend our knowledge. Photography 0£ different parts 0£ the
spectrum at different heights will be a useful aid in this work.
H the part played by the terrestrial atmosphere is known,
the loss which the total amount 0£ energy received at noon on ·
a clear day at the surface 0£ the earth by one square centimetre 0£ surface placed normally to the sun's rays has undergone from this cause can be fixed with very considerable
accuracy. This total energy is the quantity which an actinometer measures for us. We therefore take this opportunity
0£ expressing a desire "that actinometric observations be made
regularly and continuously at all meteorological observatories."
We should thus know the amount 0£ energy received at
each instant by one square centimetre 0£ surface at the place 0£
observation, and consequently the daily, monthly, and annual
amounts, which are such important factors in determining
climate, would also be known. From them could be deduced
an approximate value 0£ the variations 0£ the radiation 0£
the sun itself.
The Angstri:im ~ompensating pyrheliometer is the most suitable instrument :for such researches. Failing this, any 0£ the
instruments, whose trustworthiness h as been established by
experiment could be used. In all cases it is 0£ the greatest
importance only to work with suitably constructed instruments
which have been carefully verified and standardised. As fa;r
as possible, a continuous self-recording apparatus and also a
direct-reading instrument for controlling the readings 0£ the
self-recorder should be used. It would also be highly desirable
to experiment with several instrum~nts 0£ different types, at
least, at some observatories in each country, so as to ensure
more efficient control and to make a more complete comparison
0£ the di:fferent systems.
H the International Committee will support the r equests
which we have advanced with their high authority, Meteorology .
will reap great profit from the developments which will consequently take place in actinometric studies.
Fixin, 8th September, 1903.
14985
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.· APPENDIX XIV.

RESOLUTIONS ADOPTED BY THE ASSOCI ATED
ACADEMIES OF GO'fTINGEN, LEIPZIG, MUNICH,
AN'D VIENNA, ON 'fHE SUBJECT OF THE OBSERy ATION OF ATMOSPHERIC ELECTRICITY.

Alter careful study of the question, the Associated Academies
place on record that they consider observations of atmospheric
electricity and allied phenomena, made on a previously
arranged plan over a very large area, exhibiting great climatological variations, to be most important. To attain thi.s object,
they desire to make the following recommendations : A. Observations of the potential gradient ought to be made,
wherever possible, with self-recording instruments ·especially
with mechanical recorders(a) at stations on plains and inland lakes;
(b) at mountain stations.

It may be mentioned, as far as (a) is concerned, that three
or four stations would apparently suffice for an area of the
extent of Northern Germany.

B. The electric dispersion ought to be observed once a day,
aboll't noon, at the same stations, or .at other.s grouped .on an
analogous plan. If radio-active substances be used in determining the potential gradient, the measurement of the dispersion
o ght naturally to be made by other methods.
As the study of the instruments used for the determination
of the electric dispersion has not been sufficiently exhaustive
to render results obtained with instruments of different types
strictly comparable, the only instruments used should be those
constructed by Messrs. 0. Gunther, of Brunswick. This firm
is the onlv one authorised to construct the apparatus invented
by MM. Elster and Geitel.
The Associated Academies attach special importance to the
performance of these experiments in balloons, particularly on
the days of international ascents. It is also desirable that the
observations made in balloons be supplemented by others made
at ground level

9[

As the above-mentioned researches have a direct bearing en
the question of the existence of electric currents traversing
the surface of the earth, it would also be desirable to undertake the following researches on terrestrial magnetism as soon
as possible : A. A matter of primary importance would be the deter~
mination of the terrestrial magnetic elements along a parallel
of latitude by numerous accurate observations, in order to be
able to calculate the integral of the magnetic forces along this
line with accuracy.

B. It is further recommended that simultaneous observations of the electric dispersion be organised in corrnlation with
the accurate registration of the magnetic elements. The dates
of particularly accurate records should be communicated to
those who undertake scientific balloon ascents .

•

•
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APPENDIX XV.
The Chairman,
International Meteorological Committee.
Sm,
Southport, September 14th, 1903 .
.A.s you are aware, a Committee has been appointed by
·~he British Government to consider, from the point of view of
public utility, the purposes to which the annual grant made
to the Meteorological Office is applied.
At an early period of its work, it appeared to the Committee
that it would be very desirable to have the views of Meteorologists outside the British Isles on some of the questions that
arise, but the Committee were unable to devise a feasible plan
for securing such information.
The Meeting· at Southport of the International Meteorological
Committee, and the presence of so many distinguished Meteorologists, seems to offer the desired opportunity, and, with the
consent of the Chairman· of our Committee, the Rt. Hon. Sir •
Herbert Maxwell, M.P., we therefore ask for your assistance.
The points on which information would be specially valued
are:1. 'rhe desirability of continued expenditure on High Leve!
Stations with a view to (a) their utility for forecasting, and
(b) the progress <lf Mete<lr<ll<lg'i.cal Science.
2. The means to be adopted to render the information obtained
by Meteorologists more generally useful and available.
3. In what respects it is possible either by modifying our
11ystem of observation or otherwise to co-upemte more efficiently
with other nations in promoting the progress and utility of
Meteorology.
4. The feasibility of furthei~ research into questio]J.s relating
to Meteorology, with a view to greater knowledge and increased
certainty in forecasting, particularly for longer periods.
5. The desirability of organised connection between Meteorology and other branches of knowledge, e.g., Solar Physics and
Terrestrial Magnetism, and the nature of such connection.
The Committee of which we are members would, we are
confident, greatly value the opinions of yourself and your
distinguished colleagues on these subjects.
H, therefore, it is convenient to you to bring the matter
before them and to inform us of their views, you will, we
believe, thus render a very real service to British Meteorology.
We remain, Sir,
Your obedient Servants,

R. T.
J.

GLAZEBROOK,
LARMOR.
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APPENDIX XVI.
REPORT ON QUESTIONS 10, 11, 12, AND 15.

By M. G.

HELLMANN.

· 10. The resolution adopted by the Conference at Copenhagen
(1882), that the occasions on which it was raining, snowing,
&c., at the hour of observation should be noted in the column
headed "Amount of Cloud" (N ebulosite), ought to be reconsidered and completed.
In accordance with a proposal made by M. Koppen (Zeitschrift for Meteorologie, 1880, p. 362), the Conference at Copenhagen (1882) recommended that rain or other phenomena noted
at one of the fixed hours of observation should be indicated
by the symbol of the phenomena; followed by a :figure to
indicate the epoch at which the observation was made, thus : -

e 1 indicates r ain at 8 a.m. (or \J

a.m.)

*3 indicates snow at 8 .p.m. (or 9 p.m.)

'l'his system was introduced by M. Mohn in the J ahrbuch des
Norwegischen meteorologischen Instituts in 1880, a lthough
M. Ki:ippen's original proposal r equired that the symbols of the
hyqrometeors observed at one of the fixed hours of observation should be put immediately after the :figure, giving the
amount of cloud in the column thus headed.
The latter
method of notation, which has many advantages for purposes
of calculation, and which admits of the observations being
summarised at a glance, was adopted by the German Institutes.
'l'he other systems followed suit, and in 1896 M. Mohn also
adopted it, so that the system is now in use in Germany,
Austria, Finland, Hungary, Norway, and Sweden.
The works of MM. Koppen, Meyer, Mohn, and Sprung have
- shown the great utility of these simple observations, both in
climatological a nd in 'syno0ptic meteo1X>logical r esearches, and
it appears to me to be desirable to introduce this method of
r ecording the phenomena noted at the hour of observation
generally, and also to extend it so as to include the phenomena
of fog ( = ) and of sunshine ( 0 ), as has already been done since
1901 in the German "Jahrbuch." The old astronomical symbol 0 is used to indicate the fact that the sun was shining.
If it be objected that typographical difficulties prevent the
general adoption of this method, we need only refer to the
publications of the systems mentioned above. If the symbols
•, '"• A, D., :=, 0 be cast in twd sizes (large for use in the
"Remarks" column, and small for the " Cloud" column)
they can be placed after the :figures indicating the amount of
cloud, even if there is occasion to use two symbols simultaneously.
'
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11. Instead of putting the symbol I]] (ground covered with
sn(l.W) in the "Remarks" column, it would be preferable to
measure the height of the layer of snow each day at the hour
of the morning observation, and to publish it in a special
column.
At the Conference in Munich (1891), a recommendation was
adopted of noting the fact that more than one-half of the country
surrounding a station was covered with snow at the hour of
the morning observation, in the meteorological registers, by
means of a n ew sign f~].
These observations are without
doubt of great value if they are made regularly every day,
but it appears to me to be still more important, for scientific
and practical reasons, to actually measure the height of the
layer of snow every morning, and to publish this height in
a special column by the side of the rainfall column.
These tables would inform us not only of the fact that the
ground was covered with snow, but also of the thickness of
the layer and of its variations from day to day, facts which
are of great interest in both meteorological and hydrological
questions. The difficulties met with in measuring the thickness of the layer of snow covering the ground are not very
great if a scale with one fixed and one movaole index be used and
if measurements a re tali:.oen in s·everal pLaces. The publication
of thoe height of thoe layer of snow in a <>·e parate column bearing
the heading " Height of snow layer" (" Hauteur de la couche
de neige "), as has been done in the " Deutsches Meteorologisches J ahrbuch" since 1901, requires less space than putting
the .figure for the height by thoe sidoe of the sign.
12. The value of the height of the anemometer above the
level of the ground should always be given at the head of all
published tables of wind velocities.

It is• well known that the value of the absolute velocity of
the wind shown by an anemometer depends very largely on
the height above the ground at which the instrument is fixed.
Even the daily and annual periods are affected if the heights
are considerable (see my Memoir in Meteorologische Zeitschri£t,
1897, p. 323, and 1899, p. 546). It is consequently absolutely
indispensable to know the height of the anemometer above the
ground, in order to be in a position to appreciate the values
of the wind velocity published at their correct value. Nevertheloess, this note i·s wanting in moat publications. Somoetimes
it can be found, not without some difficulty, in a passage in
the introduction, but it is nowhere given in its proper place,
i.e., at the head of the tables of wind velocity published, except
in the reports of the Weather Bureau of Washington.
On the analogy of the international designationsht
height of thermometers } b
th
d ·
hr = haight of rain gauge
a ove e groun ·
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I suggest the use of the symbol ha for the height of the anemometer (cups, pressure-plate, orifice of tube, &c.) above the
ground, and the putting 0£ a note ha = . . • . .feet (metres) at
the head of all tables of wind velocities. ·
15. 'fhe official publication· of an international meteorological
handbook containing all important resolutions adopted by the
various Meteorological Congresses and Conferences which have
met between 1872 and the present time, together with com:i;nents and explanatory notes.
It is well known that the various resolutions 0£ the fourteen
International Congresses, Conferences, and Committees which
have met since 1872, have not been adopted in many of the
observating systems, especially in those outside Europe.
lt
seems to me that this is not entirely due to the character of
the meetings, which were. at first naturally exclusively European, and which have gradually become truly inter-continental,
but, above all, to the difficulty of finding the information
wanted among the various important decisions arrived at on
each sub] ect. .It is trure that I'eports of .almost .all t he Conferences have been published in three languages (English,
French, and German) but these have taken the form of a reprint
of the Minutes without any detailed index of subj ects, so that
it is difficult to find the information desired. This is the
reason why Mr. Harrington, at the Meeting .at Munich (1891),
expressed a desire for the Committee t o arrange and publish
the decisions of the different Congresses and Conferences. The
President, M. Wild, himself collected these documents and
pli'blish.ed a collection of them in the " Repertorium fi.ir Metoorologie" (Vol. XVI., No. 10). 'fhis publication 0£ 61 pages, in
quarto, which covers the period from 1872 to 1891, is very
valuable, but it does not fulfil all demands that can be made
on it, for three reasons : 1. It is only published in German, although editions of it
in English and French would be of great value in many
countries.
2. It appears to me to be too extensive and detailed, and does
not bring out the important decisions sufficiently.
3. It is already somewhat out of date.
For these reasons, I suggest the official publication of an
international meteorological handbook, containing all important resolutions adopted by the Meteorological Congresses
and Conferences held between 1872 and the present time,
together with comments and explanatory notes. It would also be very useful to add a detailed index of
authors and subjects of all Papers and Notes which have
appeared as Appendices to the Minutes.
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- APPENDIX XVII.

ON THE PROJECTED REGULAR NIGHT SERVICE AT
THE NICHOLAS CENTRAL PHYSICAL OBSERVATORY "FOR FOHECASTING THE \VEA'rHER.
By M. M.

R YKATCHEW.

Qitestion 4.
During the last three years (1900-1902), the number of
successful storm-warnings issued· was, on the average, 77 per
cent. of the total on the Baltic coast, and 71 per cent. of the
total on the shores of the Black Sea and the Sea of Azov.
O:i;i. the other hand, 35 gales were experienced on the Baltic
coasts and 29 on those of the Black Sea or Sea of Azov which
were not fore casted, or for which the warnings were isaued too

h~.

•

A summary of the warnings sent to the railways shows
that during the last three winters 80 per cent. of the total
proved correct, but 165 snowstorms were experienced (on the
different railways) which had not been forecasted, or for which
the warnings were issued too late. An important diminution
in the number of failures, still less their complete elimination,
cannot be attained by the introduction of any special measures
in the present state of our knowledge. The system of forecasting depends for its success mainly on the three following
factors:(1.) The necessary closeness and suitable equipment of
observing stations.

(2.) Careful empirical study of synoptic charts with a view
to determining the laws of the formation and propagation of
gales, snowstorms, and other important phenomena.
(3.) The possibility of receiving information on the state
of the atmosphere over Europe and surrounding areas with the
necessary frequency and rapidity.
The last two factors are the most important for Russia.
The number of stations is too small in Central Asia and Asia
Minor, but in European Russia it is sufficiently large.
The work of the Daily Weather Report branch of the
Nicholas Central Physical Observatory is at present so
organised that 17 hours elapse between the evening service,

i05
. which deals with the synoptic chart for 1 p.m. ; and the mor~
ing service, at which the charts for 7 a.m. and 9 p.m. 0£ the
previous evening are drawn. 'l'his interval is, a priori, too
long when ra pid cliang,es ai'e in progress, and £r.equently proves
the cause 0£ gales, snowstorms, and other p}).e:uomena 0£ great
practical importance not being forecasted. As a matter 0£
fact, the cyclones which cross Scandinavia and the · North Sea
sometimes move with a velocity 0£ 100 kilometres per hour,
so that they are often not shown on the charts for 1 p.m.,
while on those for following morning they already occupy the
N orth-vVestern or W estern parts 0£ Russia.
For example,
during the night from the 7th to the Sth 0£ February, 1903,
a depression traversed a distance 0£ 1,050 kilometres in the
interval between 9 p.m. and 7 a.m. next morning, which gives
a mean velocity o.£ 105 kilometres per hour; during the night
from 6th to 7th 0£ October, 1896, a depression maintained a
mean velocity 0£ 115 kilometres per hour for the same interval
0£ time. Cyclones sometimes move with considerable velocity
over the I.an.a .surface 0£ European Rus-sia. Particularly in
Southern Russia and the regions near the Black Sea, the rapid
development and brisk movement 0£ anti-cyclones · during the
second half 0£ the day and during the night · are 0£ great
importance.
·
·
In the United States 0£ America, in which the forecasting
service has been most thoro1!.ghly organised, the interval between the morning and the evening observations is only 12
hours; moreover, it has been found that this interval is still
too long, and to remedy this drawback the following rule
has been established: -Each meteorological station is obliged
to keep the Central Office informed 0£ any sudden changes
observed in the meteorological elements during the interval
between the observations at fixed hours.
To pave the way for the introduction 0£ a regular night
service, the Nichola,s Central Physical Observatory has for
the last three years carefully examined all cases ·in which
gales or snowstorms occurred which were not forecasted, or for
which warnings were issued too late, so as to .obtain an estimate
or tlie probable value 0£ such a night service. It was found
that in 52 per cent. 0£ these instances warnings could have
been issued to the ports in the Black Sea and Sea 0£ Azov in
very good time; in the Baltic the proportion is still more
favourable, it amounts to 80 per cent. As to snowstorms on
the railways, it may be hoped that the number 0£ occasions on
which they are not forecastecl might be reduced by from 30
to 60 per cent. in the di:fferent districts 0£ Russia.
A further opportunity will be a:fforclecl 0£ estimating the
practical importance 0£ a night service, by establishing a service £or the special object 0£ keeping a watch on the great
risings 0£ the waters 0£ the Neva. A synoptic chart 0£ the
Gulf 0£ Finland would then be prepared.
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For the satisfactory organisation of a regular night service
it would suffice if evening observations were received from
those <Stations which at present send the.fr 1 p.m. messages to
the Central Physical Observatory. The following is a list of
these stations : Aberdeen.
Paris.
Toulon.
Turin.
Rome.
Palermo.
Metz.
Chemnitz.
Hamburg.
Borkum.
Copenhagen.
Skudesnaes.
Bodo.

Christiansund.
Haparanda.
Stockolm.
Swinemii.nde.
N eufahrwasser.
Buda-Pesth.
Hermannstad t.
Bukarest.
Soulina.
Sofia.
Athens.
Varna.

