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PHYSICS AND METEOROLOGY.

Tue Committee of Physics, including Meteorol8gy, are very strongly
impressed with the number and importance of the desiderata in phy-
sical and meteorological science, which may wholly or in part be sup-
plied by observations which may be expected from tlre zeal and in-
dustry of travellers, residents in foreign cBuntries, and others whose
position may give them favourable opportunities of stimulating re-
search on the part of those in their respective departments. While
they wish therefore to omit nothing in their enumeration of those ob-
jects which appear to them descrving of attentive inquiry on sound
scientific grounds, and from which consequences may be drawn of
real importance, either for the settlement of dispute® questions, or
for the advancement of knowledge in any of its branches,—they deem o
it equally their duty to omit or pass lightly over several points which,
although not without a certain degree of interest, may yet be re-
garded in the present state of science rather as matters of abstract
curiosity than as affording data for strict reasoning ; as well as others,
which may be equally well or better clucidated by inquiries instituted
at home and at leisure. .

* 1. TERRESTRIAL MAGNETISM.

Terrestrial Magnetism will be considergd: 1st, as regards those
accessions to our knowledge which may be supplied by (E)servations
to be made, independently of any concert with or co-operation of other
observers; and 2ndly, as regards those which depend on and require
such concert; and are therefore to be considesed with reference to
the obscrvations about to be carricd on simultaneously in the fixed
magnetic observatories established by Her Majesty’s Government,
and in the other similar observatories, both public 2ad private, in
Europe, India, and elsewhere, with which it is intended to open and
maintain a correspondence.

Now it may be observed, that these two classes of observations
naturally refer themselves to two chief branches into which the
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science of terdéstrial magmetism in its present state may be subdivided,
and which bear a certain analogy to the thcories of the elliptic move-
ments of the planets, and of their periodical and secular perturba-
tions. The first comprehends the #etual distribution of the magnetic
influence over the globe, ‘at the present epoch, in its mean or average
state, when the effects of temporary fluctuations are either neglected,
er climinated by extending the observations over a sufficient time to
ncutralize their effeets. The other comprises the history of all that
is not permanest*in the phenomena, whether it appear in the form
of momentary, daily, monthly, or annual change and restoration, or
in progressive changes not compensated by counter changes, but
going on continually accumulating in onc direction, so as in the
course of many years to alter the mean amount of the quantities ob-
served. These last-mentioned changes hold the same place, in the
analogy above alluded to, with respect to the mean quantities and
temporary fluctuations, that the secular variations in the planetary
movements must be regarded as holding, with respect to their mean
orbits on the onc hand, and their perturbations of brief period on the
other.

‘There is, huwever, this difference, that in the planetary theory all
these varieties of cffect have been satisfactorily truced up to a single
cause, whereas in that of terrestrial magnetism this is so far from
being demonstrably the case, that the contrary is not destitute of
considerable probability. In fact, the great features of the magnetic
curves, and their general displacements and changes of form over the
whole surface of the carth, would seem to be the result of causes
acting in the interior of the earth, and pervading its wholc mass;
«while the annual and diurnal variations of the needle, with their
train of subordinate periodical movements, may, and very probably
do, arise from and correspond to electric currents produced by pe-
riodical variations of temperature at its surface, due to the sun’s po-
sition above the horizon, or in the ecliptic, modificd by local causes ;
while local or temporary electric discharges, due to thermic, che-
mical, or mechanical causes, Acting in the higher regions of the at-
mosphere, and relieving themselves irregularly or at intervals, may
serve to render account of those unceasing, and as they scem to us
casual movements, which recent observations have placed in so con-
spicuous and interesting a light. The electrodynamic theory, which
refers all magnetism to electric currents, is silent as to the causes of
those currents, which may be various, and which only the analysis
of their effects can teach us to regard as internal, superficial, or at-
mospheric.

It is not merely for' the use of the navigator that charts, giving
a general view of the lines of Magnetic Declination, Inclination,
and Intensity, are necessary. Such charts, could they really be
depended on, and were they in any degree complete, would be of
the most eminent use to the theoretical inquirer, not only as ge-
neral directions in the choice of empirical formule, but as powerful
instruments for facilitating numerical investigation, by the choice
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they afford of data favourably arranged; and above all, as affording
decidedly the best means of comparing arfy given theory with ob-
servation. In fact, upon the whole, the readiest, and beyond cdm-
parison the fairest and most effectual mode of testing the numerical
epplicability of a theory of terrestrial magnetism, would be, not ser-
vilely to calculate its results for given localities, however numerous,
and thereby load its apparent errors with the real errors, both of ob-
servation and of local magnetism; but to compare the totality of tit:
lines in our charts with the corresponding lincs, as they result from
the formule to be tested, when their general agreement or disagree-
ment will not only show how far the latter truly represent the facts,
but will furnish distinct indications of the modifications they rc-
uire.
! Unfortunately for the progress of our theories, however, we are
yet very far from possessing charts even of that one element, the
Declination, most useful to the navigator, which satisfy these requi-
sites; while as respects the others (the Inclipation and Intensity)
the most lamentable deficiencies occur, especially in the Antarctic
regions. To make good these deficiencies by the continual practice
of every mode of observation appropriate to the circumstances in
which the obscrver is placed throughouta voyage, will be one of
the great objects to which attention must be directed. And first—

At sea.—We are not to expeet from magnetic observations made
at sea the precision of which they are susceptible on land, Never-
theless, it has been ascertained that not only the Declination,
but the Inclination and Intensity can be observed, in moderate cir-
cumstances of weather and sea, with sufficient corzectness, to af-
ford most useful and valuable information, if paticnce be bestowed,
and proper precautions adopted. The total intensity, it is ascer#
tained, can be measured with some considerable degrec of certaiuty
by the adoption of a statical method of observatior rccently de-
vised by Mr. Fox. And when it is rccollected that but for such
observations the whole of that portion of the globe which is
covered by the occan must remain for ever a blank in our charts, it
will be ncedless further to insist on the necessity of making a daily
series of magnetic obscrvations, in all the threc particulars above-
mentioned, whenever weather and sea will permit, an essential feature
in the business of a voyage. Magnetic observations at sca will, of
course, be affected by the ship’s magnetism, and this gust be eli-
minated to obtain results of any service. To this end,

First. Every scrics of observations made on board should be ac-
companied with a notice of the direction by cqmpass of the ship’s
head at the time. ¢

Secondly. Previous to sailing, a very careful series of the apparent
deviations, as shown by two compasscs permanently fixed, (the one
as usual, the other in a convenient position, considerably more for-
ward in the ship,) in every position of the ship’s head, as compared
with the real position of the ship, should be made and recorded, with
a view to attempt procuring the constants of the ship’s action ac-

B2
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cording to M. Poisson’s theory*; and this process should be repeated
on one ormore convenient'occasions duringthevoyage; and, generally,
while at anchor, every opportunity should be taken of swinging round
the ship’s head to the four cardinal points, and executing in each
position a complete series of the usual observations.

Thirdly., Wherever magnetic instruments are landed and obser-
vations made on lerra firma, or on ice, the opportunity should be

L]
* Note on M. Poisson’s theory of the deviation produced in the direction of the
compass by the iron of the ship.

c'
C

A
/
(Ship's Stern)uu. G €& # (Ship’s Head.)
\ N [North,)

Let G « he the axis of the ship, & lying towards the ship’s head.
G the centre of gravity of the comnpass.
G N the meridian, N the north.

Let A be the soutk pole of the dipping needle, that is the extremity of the needle
which dips beneath the horizonte! plane in our hemisphere, let C e the projection
of the point A upon a horizontal plane, so that G C is the magnetic meridian. Let
the angle A G C = 0, 0 varying from — 90° to + 90°, being positive when the
south pole A is beneath the horizontal plane, and negative in the contrary case.

Let CG N = i, this angle (variation) which is the azimuth of the vertical plane
C G A may extend from — 180° to 4 180°, and is to be considercd positive or ne-
gative according as the line G C falls to the west or to the east of the line G N, or
this angle may be considered to vary from 0 to 360°, going from north to south
through west and-returning frow south 1o north by east.

. Let GC’ be the direction of a horizontal ncedle, so that C’GC is the local
attraction.

Leto GC' =¢ CGC=20 2GC=¢—0.
NGC =y § ==y

Let w be the azimuth of the principal section of the ship reckdned from G N to-
wards the west, .

Z2GN=0w Y —-—w=2Z YP=mw=f~0

M. Poisson arrives at the following equation, Conn. de Temyps, 1841, p. 146,
and Mem. de I Institut, tom. xvi. p. 529.

[A’ cos 0 cos (Y — w) 4 B cos 6 sin (Y — w) 4 Csinf] sinZ

. (L
= [D cos 0 cos (¥ — w) + E’ cos O sin (Y — w) + Fsin 0] cos £ @)
A', B, C, D, Ix, F arc constants, if therefore

B C D E F
—Pnc,xraa,x;=d,-‘\—=b,and-&.=e

cos (L — 8)sinZ + e3in(Z ~ &) sinZ 4 atan O cos Z,
=dcos (§ — 5)cos £ + & sin ({ — &) cos L + etan O cos Z.
in which equation &, J, ¢, d, e are constants, which must Le determined from ob-
servations at some one place, and which continue invariable as long as the posi-
tion of the iron in the ship remains unaltered. In order to do this the local at-
tractions corresponding 1o every azimuth of the ship’s head must be obtained and
nay be inserted in a table, or at least they mnst be found in sufticient number to
afford any others by interpolation. The manner of obtaining such data from ob-
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scized of going through the regular series on ship-board with more
than usual diligence and care, so as to établish, by actual expe-
riment in the only unexceptionable manner, the nature and amdunt
of the corrections due to the ship’s action for that particular geo-
sgraphical position, and by the assemblage of all such observations
to afford data for concluding them in general. '
Fourthly. No change possible to be avoided should be made in
the disposition of considerable masses of iron in ships during tne
whole voyage; but if such change be necessary, it should be noted.

servation is described in the small code of instruclions which accompanies Mr.
Barlow’s plate, and is also given in the Nautical Magazine.

Y= 0=

Direction of | Local at-

ship’s head. | traction. Observed. R
w. d. Z. L —a.
xr GN. C’GC. x G C, 2 GC,

N.B. This Table to be filled up from observation.

fZ=0,
—ing, = o0ttt etan0
if § = 180°
—sindy = 9 ‘.‘%ﬂ‘ﬂf_’
if § = 90°
~ sin 3 = ccos &3 + atan d,
if £ = 270°

sin &g = — ¢ 08 8y + atan 0

from these four equations, if d = wm b,e = n b, a, ¢, m and n may casily he found,
and 4 may be then obtained from any other kngwn deviation.

By solving equation (1.) with respect to tan &, the angle £ néay be found cor-
responding to the angle  — 4,

tanz = T8 (& = &) F bsin (2 — ) +etand

0o = " oos (£ =8) +esin (= 0 atand
Afterwards, by interpolation or reversion, the angle { — § may be obtained cor-
responding to the observed angle £, and a table of double entry formed, giving the
Incal attraction for every value of &, the arguments of the table being the observed
angle £ and the dip. This table, according to the theory of M. Poisson, ought to
continue available in all quarters of the globe so long as the disposition of the
masses of iron in the ship remains unaltered. )

If when the ship’s head is on the magnetic north and south, no effects arise from
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Fifthly. When a traveller crosses the magnetic line of no dip it
would be desirable to go through the observation for the dip with
the instrument successively placed in a series of different magnetic
azimuths, by which the influence of the ship’s magnetism in a ver-
tical direction will be placed in evidence. ‘

On land, or on ice.—If the completeness and excellence of the in-
struments with which the traveller is furnished authorize confidence
ifi the results obtained by their use, the redetermination of the
magnetic elements at points where they are alrcady considered as
ascertained, will be scarcely less desirable than their original deter-
mination at stations where they have necver before been observed.
This is the more to be insisted on, as lapse of time changes these
elements in some cases with considerable rapidity; and it is there-
fore of great consequence that observations to be compared should
be as nearly cotemporary as possible, and that data should be ob-
tained for eliminating the cffects of secular variations during short
intervals of time, so ac to enablc us to reduce the observations of a
series to a common epoch.

On the other hand it cannot be too strongly recommended to the
scientific navigator, studiously to seek every opportunity of landing

local attraction, as was the casc in the experiments of Captain Flinders, ¢; = 0,
fy =0,and hence d =0, = 0.
If the iron is symmetrically situatc about the axis of the ship, then according to
M. Poisson ¢ = 0,d = 0,e = 0.
cos ({ — &)sinZ4-atanfsinZ = bsin( —ecoss . . . . . (2)
Conn. de Temps, p:‘150.
_bsin (& ~ d)

N tanz:c?)s('d —) 4 atan6’
sin {(b—1)cosl —atanl
sin § -.:.15{( )eost } nearly.

, TFO= D
If 0’ is the local altraction, i’ the magnetic bearing of any compass in any other
distant part of the ship, or of the samc compass after the disposition of the iron
has been changed,
cos (' — &) sin &’ 4 o tan 9sin ¢’ = &'sin (¢’ — 8’) cos &’
Wt - =%{~0
hence  cos (Z— 0)sinZ + a’tanOsin ' = ¥’ sin (§ — &) cos ¢’
eliminating tan ¢, (@ —aysinZsinZ
a — a)simsg sin
W =) = T cos — ab'sinZoos T’

From this equation it may be possible to compute a table of double entry, giving
the local attraction without knowing the dip, the arguments of the table being
the observed angles § of two compasses situate in different parts of the vessel.
This table ought to continuc available so long as the disposition of the masses of
iron remains unaltered. The two compasses must of course be so distant as to
have no sensible effect upon each other.

The theory of Mr. Barlow’s plate, according to M. Poisson, depends upon the
practicability of so disposing the iron in the vessel as to give to the constants a
and & in equation (2.) the particular values ¢ =0, 5 = 1.
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on points (magnetically speaking) unknown, and determining the
elements of those points with all possible precision. Nor should it
be neglected, whenever the slightest room for doubt subsists, to%de-
termine at the same time the geographical position of the stations

*of observation in latitude and longitude. When the observations
are made on ice, it is needless to remark that this will be universally
necessary.

With this general recommendation, it will be unnecessary to enu-
merate particular localities. In fact, it is impossible to accumulate
too many. Nor can it be doubted that in the course of antarctic
exploration, many hitherto undiscovered points of land will be en-
countered, cach of which will, of course, become available as a mag-
netic station, according to its accessibility and convcnience.

Therg arc certain points in the southern regions which offer great
and especial intercst in a magnetic point of view. These are, first,
the south magnetic pole (or poles), mcaning thereby the point or
points in which the horizontal intensity vapishes and the ncedle
tends vertically downwards; and secondly, the points of maximum
intensity, which, to prevent the confusion arising from a doublc use
of the word poles, we may provisionally term magnctic foci.

It may herc be mentioned, that no scigntific datum of this descrip-
tion, nor any attempt to attain very high southern latitudes, can be
deemed important cnough to be made a ground for exposing to ez-
traordinary risk the lives of brave and valuable men. The magnetic
pole, though not attained, may yet be pointed to by distinct and un-
equivocal indications; viz. by the approximation of the dip to 90°;
and by the convergence of the magnetic meridiang on all sides to-
wards it. If such convergence be observed over any considerable re-
gion, the place of the pole may thence be deduced, though its locality
may be inaccessible.

M. Gauss, from theoretical considerations, has recently assigned
a probable position in lon. 146° E,, lat. 66° 8., to the southern mag-
netic pole, denying the existence of two poles of the sume name, in
either hemisphere, which, as he justly remarks, would entail the ne-
cessity of udmitting also a third point, having some of the chief cha-
racters of such a pole intermediate between them. This may be made
obvious without following out his somewhat intricate demonstration,
by simply considering, that if a needle be transported from one such
pole to another of the same name, it will begin to devjpte from per-
pendicularity towards the pole it has quitted, and will end in attain-
ing perpendicularity again, after pointing in the latter part of its pro-
gress obliquely towards the pole to which it is smoving, a sequence of
things impossible without an intermediate pdssage through the per-
pendicular direction,

It is not improbable that the point indicated by M. Gauss will
prove accessible; at all events it cannot but be approachable suf-
ficiently near to test by the convergence of meridians the truth of
the indication; and as his theory gives within very moderate limits
of error the true place of the northern pole, and otherwise represents
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the magnetic elements in every explored region with considerable ap-

proximation, it is but re£sonable to hope that this point may be de-

cidtd in Captain Ross’s voyages. Should the decision be in the ne-

gative, i. e. should none of the indications characterizing the near

vicinity of the magnetic pole occur in that region, it will be to be®
sought; and a knowledge of its real locality will be one of the di-

stinct scientific results which may be confidently hoped from that

Bicpedition, and which can only be attained by circumnavigating the

antarctic pole compass in hand.

The actual attainment of a focus of maximum intensity is rendered
difficult by thc want of some distinct character by which it can be
known, previous to trial, in which direction to proceed, when after
increasing to a certain point the intensity begins again to diminish.
The best rule to be given, would be (supposing circumstanceg would
permit it) on perceiving the intensity to have become nearly station-
ary in its amount, to turn snort and pursue a coursc at right angles
to that just before followed, when a change could not fail to occur,
and indicate by its direction towards which side the focus in ques-
tion were situated.

Another, and as it would appear, a better mode of conducting such
a research, would be, whep in the presumed ncighbourhood of a
focus of maximum intensity, to run down two parallels of latitude
or two arcs of mcridians separated by an interval of moderate extent,
observing all the way in each, by which observations, when com-
pared, the concavities of the isodynamic lines would become appa-
rent, and perpendiculars to the chords, intersecting in or near the
foci, might be drawn.

'Two foci or points of maximum lotal intensity are indicated by
the general coursc of the lines in Major Sabine’s chart in the South-
crn Hemisphere, onc about long. 140° E., lat. 47° S., the other
more obscurely in long. 235° E,, lat. 60° 5., or thereabouts. Both
these points are certainly accessible; and should the course of the
navigator lead not far from each of them, they might be visited with
advantage by a course calculated to lead directly across the isody-
namic ovals surrounding them.

Pursuing the course of the isodynamic lines in the chart above
mentioned, it appears that one of the two points of minimum total
intensity, which must exist, if that chart be correct, may be looked
for nearly abput lat. 25° Sy, long. 12° W, and that the intensity at
that point is probably the lcast which occurs over the whole globe.
Now this point does not lie much out of the direct course usually
pursued by vessels going to the Cape. It would thereforc appear
desirable to pass dircctiy over it, were it only for the sake of deter-
mining by direct measure the least magnetic intensity at present ex-
isting on the earth, an element not unlikely to prove of importance
in the further progress of theoretical investigation. Excellent op-
portunities may be afforded for the investigation of all these points,
and for making out the true form of the isodynamic ovals of the
South Atlantic, both in beating up for St. Helena, and in passing
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from thence to the Cape; in the course of which, the point of least
intensity will, almost of necessity, have to be crossed, or at least ap-
proached very near. .

Nor is the theoretical line indicated by M. Gauss as dividing the
northern and southern regions, in which frec magnetism may be
regarded as superficially distributed, undescrving of attention. That
line cuts the equator in 6° east longitude, being inclined therete
(supposing it a great circle) 15°, by which quantity it recedes from
the equator northward in going towards the west of the point of in-
tersection.  Observations made at peints lying in the course of this

" line may hereafter prove to possess a value not at present con-
templated.

As a theoretical datum, the horizontal intensity has been recom-
mended by M. Gauss, in prefercnce to the total, not only as being
concluded from observations susceptible of great precision, but as
affording immediate facilities for calculation. As it cannot now be
long before the desideratum of a chart of the Horizontal intensity is
supplied, the maxima and minima of this clement may also deserve
cspecial inquiry, and may be ascertained in the manner above pointed
out. " .

The maxima of horizontal intensity arf at present undetermined
by any direct observation. They must of necessity, however, lic in
lower magnetic latitudes than those of the totul intensity, as its mi-
nima must in higher; and from such imperfect means as we have of
judging, the situations of the maxima may be stated as occurring in

20° N. 80° E. L
7 N. 260 E. 11
3 8. 130 E. 111.
10 S. 180 E. Iv.

Obscrvations have been made of the horizontal intensity in the
vicinities of II. and 1II., and are decidedly the highest which have
been observed anywhere.

In general, in the choice of stations for detcrmining the values
of the threce magnetic elements, it should be borne in mind, that
the value of each new station is directly proportional to its remotc-
. mess from thosc already known. Should any doubt arise, therc-

fore, as to the greater or less eligibility of particular points, a refer-
ence to the existing magnetic maps andecharts, by shasving where

the known points of observation are most sparingly distributed, will
decide it.

L

For such magnetic detcrminations as thosé® above contemplated,
the instruments hitherto in ordinary use, with the addition of Mr.
Fox’s apparatus for the statical determination of the intensity, will
sufice ; the number of the sca observations compensating for their
possible want of exactness. The determinations which belong to the
second branch of our subject,—viz. those of the secular changes, of
the diurnal and other periodical variations, and of the momentary
fluctuations of the magnctic forces,—rcquire, in the present state of
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our knowledge, the usg of those more refined instruments recently
introduced, and to be presently described.

The variations to which the earth’s magnetic force is subject, ata
given place, may be classed under three heads, namely, 1. the irre-
gular variations, or those which apparently observe no law; 2. the
periodical variations, whose amount is a function of the kour angle
of the sun, or of his longitude ; and 3. the secular variations, which
are either slowly progressive, or else return to their former values
in periods of very great and unknown magnitude.

The recent discoveries connected with the irregular variations of
the magnetic declination, have given to this class of changes a pro-
minent interest. In the year 1818 M. Arago made, at the Obser-
vatory of Paris, a valuable and extensive series of observations on
the declination ehanges; and M. Kupffer having about the samec
time undertaken a similar research at Kasan, a comparison of the
results led to the discovery that the perturbations of the needle were
synchronous at the two places, although these places differed from
one another by more than forty-seven degrees of longitude. This
seems to have heen the first recognition of a phenomenon, which
now, in the hunds of Gauss and those who are labouring with him,
appears likely to receive « full elucidation.

To pursue this phenomenon successfully, and to promote in other
directions the theory of terrestrial magnetism, it was necessary to
extend and vary the stations of observation, and to adopt at all a
common plan. Such a system of simultaneous obscrvations was or-
ganized by Von Humboldt in the year 1827. Magnetic stations were
cstablished av Berlin and Freyberg: and the Imperial Academy of

«Russia entering with zeal into the project, the chain of stations was
carricd over the whole of that colossal empire. Magnetic Ahouses
were erected at Petersburg and at Kasan; and magnetic instru-
ments were placed, and regular observations commenced, at Moscow,
at Sitka, at Nicolajeff in the Crimea, at Barnaoul and Nertschinsk
in Siberia, and evenat Pekin. The plan of observation was definitely
organized in 1830; and simultaneous observations were made seven
times in the year, at intervals of an hour for the space of forty-four
hours.

In 1834 M. Gauss turned his attention to the subject of ter-
restrial magnetism; and having contrived instruments capable of
yielding results of an accuracy before unthought of in magnetic
researches, he proceeded to inquire into the simultancous move-
ments of the horizontal needle at distant places. At the very outset
of this inquiry he Hiscovered the fact, that the synchronism of the
perturbations was not confined (as had been hitherto imagined) to
the larger and extraordinary changes ; but that even the minutest de-
viation at one place of observation had its counterpart at the other.
Gauss was thus led to organize a plan of simultaneous observations,
(not at intervals of an hour, as before, but) at the short intervals of
five minutes. These were carried on through twenty-four hours six*

* Recently reduced to jfour.
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times in the year; and magnetic stations taking part in the system
were established at Altona, Augsburg, Berfin, Bonn, Brunswick;,
Breda, Breslau, Cassel, Copenhagen, Kracow, Dublin, Freyberg, Got-
tingen, Greenwich, Halle, Kasan, Leipsic, Marburg, Milan, Munich,
Naples, St. Petersburg, and Upsala. C

Jixtensive as this plan appears, there is much yet remaining to be
accomplished. The stations, numerous as they are, embrace but a,
small portion of the earth’s surface; and what is of yet more im-
portance, none of them are situated in the neighbourhood of those
singular points or curves on the earth’s surface, where the magni-
tude of the changes may be expected to be excessive, and perhaps
even their direction inverted. In short, a wider system of observa-
tion is required to determine whether the amount of the changes
(which is found to be very different in different places) is dependent
simply on the geographical or on the magnetic co-ordinates of the
place; whether, in fact, the variation in that amount be due to
the greater or less distance of a disturbing centre, or to the modifying
cffect of the mcan magnetic force of the place, or to both causes
acting conjointly. In another respect also, the plan of the simul-
taneous obsecrvations admits of a greater cxtension. Until lately the
movements observed have been only those &f the magnetic declination,
although there can be no doubt that the inclination and the intensity
arc subject to similar perturbations. HRecently, at many of the
German stations, the Lorizontal component of the intensity has been
observed, as wecll as the declination; Lut the determination of an-
other element is yet required, before we are possesscd of all the data
necessary in this most interesting research. -

The Magnetic Observatories about to be cstablished in the British |
Colonies, by the libcrality of the Government and of the East India
Company, will (it is hoped) supply in a great measure these deside-
rata. The stations are widcly scattered over the earth’s surface, and
are situated at points of prominent interest with regard to the Iso-
dynamic and Isoclinal lines. The point of mazimpum intensity in the
northern hemisphere is in Canada; the corresponding maximum
in the southern hemispherc is near Van Diemen’s Land ; St. Helena
is close to the line of minimum intensity; and the Cape of Good Hope
is of importance on account of its southern latitude. Again, in India,
Madras and Singapore are in the neighbourhood of the two lines of
minimum intensity and of no dip, which in®this region of the globe
approach one another; and Simla, in the Himalaya mountains, is a
station of interest and importance on account of its great elevation.
At each observatory the changes of the vertical component of the mag-
nctic force will be observed, as well as those of the korizontal compo-
nent and declination ; and the variations of the two components of the
force being known, those of the inclination and of the force itself are
readily deduced. The simultaneous observations of these three
elements will be made at numerous and stated periods, and there is
every reason to hope that the directors of many of the European Ob-
servatories will take part in the combined system.
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But interesting as these phenomena are, they form but a small
art of the proper business of an observatory. The regular changes
l()\)oth periodic and secular) are no less important than the irreguli.;
and they are certainly those by which a patient inductive inquirer
would seek to ascend to gencral laws. Even the empirical expro. -
sion of the laws of these changes cannot fail to be of the utmost
value, as furnishing a correction to the absolute values of the mag-
“netic elements, and thereby reducing them to their mean amount.

The hourly changes of the declination have been frequently and
attentively observed; but with respect to the periodics] variations
of the other two elements, our information is as yet very scanty, The
determination of these variations will form an importapt part of the
duty of Magnetic Observatories; and from the accuracy of which
the observations are susceptible, and the cxtent which it is proposed
to give them, there can be no doubt that a very exact knowledge of
the empirical laws will be the rcsult.

With respect to the secular variations. it might perhaps be doubted
whether the limited time during which the observatories will be in
operation is adequate to their determination. But it should be kept
in mind that the monthly mean corresponding to each howr of ob-
servation will furnish a teparate result; and that the number and
accuracy of the results thus obtained may be such, as fully to com-
pensate for the shortness of the interval through which they are fol-
lowed. A beautiful example of such a result, deduced from three
years’ observation of the declinatic , is to be found in the first vo.
lume of Gauss’s magnctical work, of which a translation is published
in the fifth raimber of Taylor’s Scientific Memoirs.

Allusion has been made above to a diffesent system of magnetic
elcments from that usually chosen. Before proceeding further,
therefore, it is necessary to state more fully what those elements
are which have been taken as the namediate objects of research ;
and to describe the instruments which have been adopted for the
purpose.

The elements on which the determination of the Earth’s Magnetic
Force is usually based are, the declination, the incliration, and the
intensity. If a vertical plane be conceived to pass through the di.
rection of the force, that direction will be detcrmined when its in-
clination ¢o the horizon“is given, as wcll as the angle which the
plane itself forms with the meridian; and if, in addition to thesc
quantities, we likewise know the number which expresscs the ratio
of the intensity of t];e force to some established unit, it is manifest
that the force is completely determined.

For many purposes, however, and especially in the delicate re-
searches connected with the variations of the magnetic force, a dif-
ferent system of elements is preferable. The intensity being resolved
into two portions in the plane of the magnetic meridian, one of them
horizontal and the other vertical, it is manifest that these two com-
ponents may be substituted for the total intensity and the inclina-
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tion; while, at the same time, their changes may be determined
with far greatcr preeision.  The former varialdes are connected with
the latter by the relations .

X =Rcosb, Y =Rsinf;

in which R denotes the intensity, X and Y its horizontal and ver-

tical components,.and 0 the inclination ; and the variations of 6 and

R are expressed in terms of the variations of X and Y by the for-*
mulax ;

. AY AX
=rsin20(— —==);
Af=4xin (Y %
R_ ., ,AX . apn AY
-R-_(,u& ()__,.+51n6_Y_.

As the instroments requared for the observation of these clements
are, for the most past, novel i form, it will be useful to give a some-
what detailed account of their construction andwarious adjustments,
before entering on the plan of observation to be pursued.

DECLINATIO MAGNETOMETER, 3

Construction.—The essential part of the declination magnetometer
is # magnet bar, suspended by fibres of untwisted silk, and inclosed
in « hox, to protect it from the agitation of the air. The bar is a
rectangular parallelopiped, 15 inches in length, Ithe of an inch in
hreadth, and Jth of an in~h m tluckness.  In addition to the stirrup
by which the Dar is suspended, it is furnished with two Eliding picces,
one near each end.  One of hese pieces contains an achromatic lens,
and the other a finely-divided scale of glass; tne scale being adjusted®
to the foeus of the lens, it is mar” est ar  the apparatus forms a
moviug collimator, and that ite b slute position at any instant, as
well as ite changes of position from one instant to another, may be
read off by a telescope at a distance.  The aperture of the lens of
this collimator is 14 inch, and its focal length ab8ut 12 inches. Each
sivision of the scule is sb5th part of an inch, and the visual angle
under which it is seen in the telescope is so considerable, that it
may be readily subdivided into tenths by estimation. The corre-
sponding angular quantity i« about 43 seconds, and the rcadings
may therefore be made to four seconds nearly. .

To the suspension thread is attsclied a small cylindrical bar, the
ends of which are of smaller diameter, and support the stirrup which
carries the magnet, The apertures in the stirrupy by which it hangs
un the cylinder, are of the form of inverted Y, so that the bearing
points are invariable. A second pair of apertures at the other side
of the magnet, serves for the purpose of inversal; and care has been
taken to render the lines connecting the bearing points of each pair
of Y’s parallel, so that there may be no difference in the amount of
torsion of the thread in the two positions of the stirrup. The two
pairs of apertures are at different distances from the magnet, in
order that the line of collimation may remain nearly at the same
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height on inversal, and thus it may not be necessary to alter the
length of the suspensién thread. The stirrup, and the other sliding
Pieces, are formed of gun metal.

For the purpose of taking out the torsion of the suspension thread,
the apparatus is furnished with a detorsion bar, which (with its ap -
pendages) is of the same weight as the magnet. It isa rectangular
bar of gun-metal, furnished with a stirrup and collimator similar to

sthose of the magnet. A rectangular aperture in the middle receives

a small magnet, the use of which is to impart a slight directive force
to the suspended bar, without which the final adjustment of detor-
sion would be tedious and difficult.

The frame-work of the instrument consists of two pillars of copper,
35 inches in height, firmly screwed to a massive marble base. These
pillars are connected by two cross pieces of wood, one at the top,
and the other 7 inches from the bottom. In the centre of the top
piece is the suspension apparatus, and a divided circle used in deter-
mining the amount of torsion of the thread. A glass tube (between
this and the middle of the lowcr cross piece) incloses the suspension
thread ; and a glass cap at top covers the suspension apparatus, and
complctes the inclosure of the instrument.

The box is cylindrical, its dimensions being 20 inches in diameter
by 7 inches in depth. It rests upon the marble slab, and encom-
passes the pillars; and it is so contrived as to be raised, when ne-
cessary, for the purpose of manipulation. 'There are two apertures
in the box, opposite to cach other. 'The aperture in front, used for
reading, is covered with a circular piece of parallel glass, attached
to a rectangular frame of wood which moves in dovetails; the pris-

" matic error of the glass (if any) is corrected by simply reversing the
wslider in the dovetails. The opposite uperture is for the illumination
of the scale, and is furnished with a sliding piece of wood carrying
a moveable mirror.

In addition to the parts abovementioned, the instrument is pro-
vided with a second magnet, of the same dimensions os the first, to
be used in measurerhents of absolute intensity; and a copper ring,
for the purpose of checking the vibration *.

* The declination magnetometers which were provided for the Antarctic expe-
dition differ from that above described in one or two particulars, which have been
necessarily varied in order to enable the observer 1o read off very great deviations.

The magnd has a sccond stifrup, which is furnished with & mirror, for the pur-
pose of reading the declination chauges by reflexion after the method of Gansg
The mirror is attached to & cross, which is fixed to the stirrup ; it is kept in its
place by three small scgews, the heads of which project aud hold it ; the plane of
ihe mirror may he adjuste:l by the movement of these secrews. The deviation of
the line of collimation (which, in this case, is the normal to the surface of the
mirror) from the magnetic axis of the bar, is ascertained hy inversal, the stirrup
being provided with a second pair of aperiures, in the form of inverted Y’s, for
the purpose.

There are two graduated scales to be used with the mirror, The first of these
is a straight scalc, similar to that of Gauss, to be used for moderately large varia-
tions. This scale is 4 fcet long, and the magnitude of cach division is -04082 of
an inch. Every tenth division 18 numbered 1, 2, 3, &c. up 10 100. The divisions
are engraved and printed on paper which is attached to a slip of wood by sealing.
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Adjustment.—The instrument having been placed on its support,
the base is to be levelled, and the whole then fjxed in its place. The
levelling of the base may conveniently be performed by the aid of g
plumb-line hanging in the place of the suspension thread; but no
geat precision is required in this operation, the chief object of which
is that the suspension thread may occupy the middle of the tube, and
that the magnet may be central with regard to its support. The
suspension thread is then to be formed, and attached at one extremity
to the roller of the suspension apparatus, and at the other to the
small cylinder which is to bear the stirrup and magnet. Sixteen
fibres* of untwisted silk are sufficient to hear double the load with-
out breaking, and will be found to form in other respects a conve-
nient suspension.

These preparations being made, the adjustments are the following :

1. The sliders being placed on the magnet, the scale is to be ad-
justed to the focus of the lens, and in such a manner that the centre
of gravity of the sliders may be near thc middle of the bar. The
adjustment to focus is readily made, by first adjusting the reading
telescope accurately to focus by means of a star, and then using it
to view the scale through the object lens of the collimator. The
scale will be in the focus of the lens, when it is.distinotly seen with
the telescope. o

2. The magnet is to be connccted with the suspension thread by
means of the stirrup, and to be moved in the stirrup until it assumes
the horizontal position. This adjustment may be conveniently ef-
fected by means of the image of the magnet, reflected from the sur-
face of water or mercury, the object and its reflected image being
parallel when the former is horizontal. The stirrup is éhen fastened
by its screws, and the magnet wound up to the desired height. As,
the thread stretches considerably at first, allowance should be made
for this in the height.

3.t The magnet is then removed, and the unmagnetic bar (having
its collimator similarly adjusted) is to be attached, without its small
magnct, and allowed to swing for scveral hours. The bar having

wax varnish. The second scale is graduated on a complete circle, 6 fect in dia-
weter, and is to be used when the changes (regular or irregular) are excessive.
The circle is of wood, and is in the shape of a flat ring, 9 inches in breadth,
formed in segments so as to preserve its figure. At the exterior ofgthe ring is a
raised cdge (also built in segments), on the interior face of which the scale is

- atiached. The scale itself is the same as the former ; the munbering of the divi-
sions (every tenth) proceeding from 0 to 100, and then commencing anew.

The aperture in the box is a rectangle, 6 inches long $y®4 inches high, and is
covered by a piece of wood sliding in dovetails, having a glass window of the
usual size. The glass-cover will he used (with the collimator) when the varia-
tions are moderate; the uncovered aperture (with the mirror) when they are
large, but not cxcessive ; and, when the variations are very great, the box may
be lifted altogether, so as to allow the entire range of azimuth.

* Not the individual fibre of the silk-worm, but the compound fibre in the state
in which it is prepared for spinning.

+ It is obvious that this step of the adjustment may precede the 1st and 2nd,
where a saving of time is important.
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come to rest, or nearly so, its deviation from the magnetic meridian
is to be estimated, and, the moveable arm of the torsion circle turned
through the same angle in an opposite direction. The plane of
detorsion then coincides, approximately, with the magnetic meri-
dian. -
4. The magnet is then to be substituted for the unmagnetic bar,
and the telescope being directed towards the collimator, the point
JOof the scale coinciding with the vertical wire is to be ncted when
the magnet is in the direct and inverted positions. Half the sum of
these readings is the point of the scale corresponding to the mag-
netic axis of the magnet bar; and half their difference (converted
into angular measure) is the deviation of the line of collimation of
the telescope from the magnetic meridian. The telescope should
be moved through this angle in the opposite direction.

5. In order to take out the remaining torsion of the thread, the
magnet is again to be removed, and the unmagnetic bar (with its
small magnet attached) substituted. The deviation of this bar from
the magnetic meridi#n should then be read off on its divided scale, and
the moveable arm of the torsion circle turned through a given angle
in the opposite direction. 'I'he deviation being again read, a simple
proportion wik give the remaining angle of torsion; and the moveable
arm being turned through this sngle in the opposite direction, another
observation will serve to verify the adjustment. The plane of de-
torsion then coincides with the magnetic meridian; and the magnet
being replaced, the instrument is ready for usc.

Observations.—The observations to be made with this instrument
are, 1. of th~ absolute declination; 2. of the variations of the decli-
nation; and 3. of the absolute intensily.

For measurements of the absolute declination cach observatory is
furnished with an azimuth instrument. This instrument being placed
in the magnetic meridian of the declination instrument, the point of
the scale coinciding with the wire of the telescope is to be observed ;
the interval betwecg this point and the point corresponding to the
magnetic axis of the bar, converted into angular measure, is the de-
viation, D, of the line of collimation of the telescope from the mag-
netic meridian. The verniers of the horizontul circle being then read,
the telescope is turned, and its wire made to bisect a distant mark,
whose azimuth, Z, is known. If A denote the angle read off on the
horizontal %ircle, it is mabifest that the angle between the magnetic
and the astronomical meridians is

A+Z+D,
Z and D being affectesl with their proper signs.

Some of the observatories are furnished with a transit instrument
distinct from the theodolite; in others the transit instrument and
theodolite are combined in one. In the former case the mark above
referred to may be the central wire of the transit telescope, used as
a collimator; so that for this case Z = 0. In the latter case, the
angle Z is to be previously determined by the help of the transit
instrument. - .
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The division of the scale corresponding to the magnetic axis of the
bar is to be considered as the zero point, and must be determined
with great exactness. It is obvious that this point will be given by
the mean of two readings of the scale, with the magnet in the erect
af inverted positions, provided that cire has been taken to eliminate
the declination changes which may occur in the interval of the two
parts of the observation. The obvious method of effecting this eli-
mination is to determine the amount of the declination change, by '
means of an auxiliary apparatus, and to apply it as a correction to
the'second result. The same thing may, however, be effected by
taking a series of readings of the declination instrument alone, with
the bar alternately erect and inverted ; the time chosen for ohserva-
tion being one in which the declination changes are small and regu-
lar, and the readings being made in as rapid succession as possible.
By comparing each result with the mean of the preceding and subse-
guent, and then taking the mean of all these partial means, a very
accurate determination may be made. .

As an example of such a deternfination, we may take the following
observation, made at the Dublin Magnetical Observatory, August 10,
1839. The first column of numbers contains the actual readings of
the scale; the second the means of the preceding and subsequent
readings ; and the third the means derived from the combination of
these last with the intermediate reading.

I. Reversed | 1570
11. Direct.. |193:2

Observations interrupted.

III. Reversed | 1696
IV. Direct.. |[182:0 |168'8 |175°4
V. Reversed | 1680 |182°3 [175-2
VI. Direct.. {1826 {1661 |17%4
VII. Reversed |164:2

Combining the three means in the last column with the number
175°1 deduced from I. and II., the final meén is 175°0. e

The following observation, made at thc Dublin Observatory, on
the same day, will illustrate the preceding method of determining
the absolute declination. . 4

It must be premised that in this Observatory the transit telescope
and the theodolite are distinct instruments. ‘The centre of the theo-
dolite is placed in the meridian line of the transit, and at the point
where this line is cut by the magnetic meridian of the declination
instrument ; and the absolute declination is obtained by referring
the telescope of the theodolite first to the line of collimation of the
magnet, and then to that of the transit telescope.

It will be seen from the preceding table that the mean of the read-

c
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ings III, V. VIL, in the inverted position of the bar, which position
Jn this instrument was the ordinary one, is 167-3; the mean time of
observation being 1P 40™ ».m., which corresponds ncarly to the
maximum declination of the day. But it has been already shown
that the zero point of the scale is 175°0 ; and the difference, 7°7, mus-
tiplied into 4322 (the angle corresponding to a single division) gives,
for the deviation of the line of collimation of the telescope from the
magnetic meridian,
D= — 5'32"8.

The reading off on the limb of the theodolite was 150° 30'.

The telescope of the theodolitc was then directed to the object-
glass of the transit instrument, and its line of collimation brought
into the astronomical nicridian by making the image of the vertical
wire coincide with that of the middle wire of the transit. Theread-
ing of the limb was then found to be 358¢ 13' 50", and subtracting
180° (the magnet being to the north, and the transit tclescope to the
south of the theodolite,) the (ruggnorth corresponded to the angle
178° 15' 50" on the limb. The difference between this and the an-
gle 150° 30’, corresponding to the magnetic north, is

cA = 27° 45! 50",
Hence, as in this case Z = 0, the rhsolute declination is
A+ D =27°40'17"2,

If, instead of the actual declination at any moment, we desired the
mean declination of the day cr of the month, we should employ (in-
stead of the actual realing of th. =eale, 1#7:3) the corresponding

' mean result. We should thus obéaiu « aew vaiue of D, differing

from the former by the amouut ¢ the declination change.

In the observatories about tobe estublished by Her Majesty’s Go-
vernment and by the East India Cowmpany, the declination changes
will be regularly observed with a fized telescope, attached to a stone
pillar, or to a firm pedestal of wood resting on solid masonry un-
connected with the floor. FHere then, instcad of referring the telc-
scope of the theodolite directly to the magnetic meridian by means
of the moving collimator, the same result will be obtained, and pro-
bably in 8 better manner, by referring it to the line of collimation of
the fixed:telescope. For this purpose it is only necessary to employ
this telescope as a collimator, the instrument being reversed in its Y
supports, if necessary. This mode of obscrvation has the advantage
of connecting the absolute determination directly with the regular
series of observations; and it is manifest that it is sufficient, without
any other means, to determine whether any, and what.changes may
have occurred in the position of the fixed telescope.

2. In observing the variations of the declination the fixed telescope
is alone employed. The observation consists simply in noting the
point of the scale coinciding with the vertical wire, at three succes-
sive limits of the arc of vibration. The three readings being denoted
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by «, b, ¢, the mean point of the scale corres;.mnding to the time of
the middle observation is

(a4 26+ ).

®is mode of observation is sufficient where the observer is not limited
to a precise moment of observation. Otherwise the more exact me-
thod pointed out by Gauss is to be preferred*,

The changes of position of the scale may be converted into an-*
gular measure, the angle corresponding to one division being known.
In general, however, this reduction will only be required in the
monthly mean results,

Before the true changes of the declination can be deduced from
the observed readingy, it is necessary to apply a correction depending
upon the force of torsion of the suspension thread. For supposing
that the plane of detorsion has been brought (by the adjustments
ahove described) to coincide with the mean magnetic meridian, it
i= manifest that on every deviation of the magnet from its mean po-
sition, the torsion force will he Brought into play; and as this force
tends to bring back the magnel to the mean position, the appa-
rent deviations must he less than the truc. The ratiq of the torsion
force tv the magnetie directive force i gxperimentally determined
by turning the moveable armn of the torsion circle through any given
large angle (for cxample 90°), and observing the corresponding
angle through which the magnet is deflected. Let » denote the
latter angle, and w the former; then the ratio in question is

H “

P~ SO

F w—u

in which H is the coefficient of the torsion force, and F the moment
arising from the action of the earth’s imagnetic force upon the free
magnetism of the har, the direction of the action being supposed to
be perpendicular to its magnetic axis. The ratio of the two forces
being thue found, the true declination changes are deduced from the
appareut, by multiplying them by the coeflicient

H
1+-F—’

3. The experiments necessary to determine the absolyfe intensity
of terrestrial magnetism are of two kinds,—experiments of deflection
and experiments of vibration. ‘The former of these give the ratio of
the horizontal component of the earth’s magnefic force to the mo-
ment of free magnetism of the deflecting bar$ the latter determine
the product of the same quantities.

Deflection.—The deflecting bar is to be placed at right angles to
the magnetic meridian, and in the line drawn perpendicularly through
the centre of the declination bar. Its centre is to be placed at

* See Taylor’s Scientific Memoiéo, vol. i, part v. p. 44. ef seg,
c
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two different distances on this line ; and in each position the ob-
server is to note the ahgle of deflection produced by its actiori upon
the suspended magnet of the declination instrument, the north end
of the deflecting bar being placed, successively, towards the east and
towards the wesz. Half the difference of the readings with the nort..
end east and west, converted into angular measure, is the deflection
sought. The experiments are then to be repeated on the other side

“of the suspended magnet, and at the same distances, so that each angle
of deflection is the mean of four observed results.

Let r and »' denote the two distances, » and #' the corresponding
angles of deflection. Also let X denote, as before, the horizontal
part of the earth’s magnetic force, and m the moment of free mag-
netism of the deflecting bar. Then the ratio of these quantities is
given by the following formula : .

m__r'tany' — r* tanu
X 2(0—1)
L

The quantity so obtained is to be corrected for the torsion force
of the suspengion thread of the declination magnetometer; this is

done by multiplying it b}; the number 1 4 —FPE

In choosing the distances of the deflecting bar, we should take as
the smaller that which produces a deflection nearly amounting to the
entire limit of the scale, provided it be not less than four times the
length of thebar. The other should be greater than this in the ratio

(of /3 to 1, nearly. The distances themsclves should be measured
with great accuracy, and expressed in fuet und decimals of a foot.
For the purpose of this measureinent, each observatory is furnished
with a standard scale and a beam cowpass.

Vibration.—The declination bar being now removed, the deflecting
bar is to be placed in a temporary stirrup of silk or wire, and so at-
tached to the cylinder of the suspension thread. Its time of vibra-
tion is now to be determined with accuracy, from at least 100 oscil-
lations. This may be done by placing a fine mark (as a piece of fine
silver wire) on the front end of the bar, and noting the time of pas-
sage across the fixed wire of the reading telescope. The telescope
is for this Purpose furnished with an additional object lens, which is
to be placed over the other, so as to adapt the instrument to near
distances. .

The time being observed, and the moment of inertia of the bar cal-
culated, the product of the force of the earth and the moment of free
magnetism of the bar is given by the formula

mX= rK.

T’

in which 7 denotes the ratio of the circumference of a circle to its dia-
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meter, K the moment of inertia, and T the time of vibration. The
moment of inertia, K, is given by the formula .
2 4 52
K=2 M;
12

a and b denoting the length and breadth of the bar, and M its mass.

In order to correct for the torsion force of the suspension thread,
the time of vibration deduced from experiment must be multiplied by *

(\/ 1+ %; and therefore the square of the time by 1 + —;—{

Again, inasmuch as these experiments necessarily occupy a con-
siderable time, precision requires that we should apply a correction
for the changes of the intensity which may occur in the course of
the observation. In other words, we must reduce the observed value
of m X (at the time of the experiment of vibration) to that which it
had at the time of the experiment of deflection., This may at once
be done by the aid of the horizontal force magnetometer, inasmuch
as that instrument gives immediately the changes of m X. In this
case, however,—that is, when there is a second magne} in the same
room,—the deduced value of X will be (not t}e carth’s magnetic force)
but the resultant of that force and the force of the second magnet ;
and both experiment and calculation will be required to deduce the
former. It is accordingly safer, perhaps, to remove the second magnet
for the time to another apartment, and to determine the changes of
the horizontal force by observing the time of vibration of this bar si-
multaneously with the two parts of the experiment abovg described.
Thus, let ¢ be the time of vibration during the experiment of deflec-
tion; ¢' the time during the experiment of vibration; then T' being
the observed time, the corrected time of the deflecting bar is

\ T=T"—to
tf

The values of % and of m X being known, that of X is at once

obtrined by elimination. Let -’}% = A, mX =B, then it is evi-

dent that
B
X= =.
\/;

The number thus obtained for the force of the earth’s magnetism
expresses the ratio which that force bears to the whi of force,—the
unit of force being that which, acting on the unit of mass, through
the unit of fime, generates in it the unit of velocity. 'I'hese units
are cntirely arbitrary ; but for the sake of convenience in comparison,
it is desirable that they should be the same in all the observations
which shall be made according to this system. For the unit of mass,
then, we may take a grain ; for the unit of time a second ; and, if a foot
be taken as the unit of space, the unit of velocity will be that of one
foot per second.
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As the magnetic force operates effectively only on the free or un-
combined elements of the magnetic fluid, we are to understand by
the carth’s magnetic force, its action on the clementary unit of free
magnetism ; and we must take for that unit the quantity of free mag-
netism, which acting on another equal quantity at the unit of distance,
exerts an effect equal to the unit of force already defined.

" The following example, taken from Gauss’s memoir, ¢ Intensitas
vis Terrestris ad mensuram absolutam revocata,” will serve to illustrate
the preccding rules.

The experiments were made in two apparatuses, denoted by the
letters A and B, and with three bars, distinguished by the numbers
1,2, 3.

In the first place, the oscillations of bar 1 in the apparatus A, and
of bar 2 in the apparatus B, were simultancously observed. The time
of a single oscillation, reduced to infinitely small arcs, was found to be

torbar1 ...... 15822450,
forbar 2 ...... 17 +29995;

the former being deduced from 305 oscillations, the latter from 264,
The times$ were observe with a chronometer, whose daily rate was
— 14524,

Bar 3 being then suspended in the apparatus A, bar 1 was placed
in the right line perpendicular to the magnetic meridian, both on the
east and west side of the suspended bar (and in both cases with the
north end east and west successively), and the deflection of bar 3
was observed in each position of bar 1. These experiments were re-
peated for two different distances, », and with the following values

- of the deflection, u:
r =12 metrcs, u = 3°42'19"4;
=16 , 4=13419"3.
During these experiments the oscillations of bar 2 were observed
in the apparatus B. The time of a single oscillation, deduced from

414 oscillations, and corresponding to the mean time of the experi-
ments of deflection, was 17¢:29484.

H
The values of S for bars 1 and 3, were found to be 5——917—4 and

_——721. 5 rexpectively. 'The moment of inertia of bar 1 was
K = 4328732400,

taking a millimetve and a milligramme as the units of distance and
mass.

Now, to calculate the results of these experiments :—the inequality
of the times of oscillation of bar 2 proves that a slight variation of
the terrestrial-magnetic intensity had taken place in the interval of
the two parts of the observation. Accordingly, we have to reduce
the observed time of oscillation of bar 1, to that corresponding to
the mean state of the magnetic intensity during the second part of
the observation. This time requires also a second reduction for the



chronometer’s rate, and a third for the torsi

reduced time is thus
T = 15°22450 X

23

17-29484 86400

. 17-29995 * 8638576 %

m K

ion of the thread. The
®

5984 — 15-23580.
5974

comX= = 179770600 = B.

From the observed deflections we obtain

m r'>

—

tanu' — r° tanu

X=

2 (r't—r?)

= 56528100;

the millimetre being taken as the unit of distance; and correcting
this quantity for the torsion of the thread, by multiplying it by the

coefficient 1 + % (=

Accordingly,

A

7226
75T6)

X

B —=56606437 = A

179770600
= A / IO — 1+782088.
56606487 17

The following Table contains the arc values of one division of the
scale in each instrument, expressed in decimals of a minute.

Tasre 1.

Desiguation Arc value of
Instr?nm oot Observatory. one division.
I. H.M.S. Erebus ....| 07267
II. Van Diemen’s Land | 0°7085
III. Montreal.......... 07208
IV. | Cape of Good Hope | 07525
V. St. Helena .. .., ...| 07108
A. Simla ............| 06760
B. Madras ........ ..| 06746
C. Singapore ........ , 0°6786
H. H.M.S. Terror ..».| 06786

HORIZONTAL FORCE MAGNETOMETER.

The instrument employed in determining the horizontal compo-
nent of the earth’s magnetic force is similar, in principle, to the
“bifilar magnetometer” of M. Gauss. It is a magnet bar, suspended
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by two equidistant wires, or (more accurately) by two portions of the
same wire, the distanc® of whose bearing points is the same above
and below; by the rotation of the upper extremities of the wire
round their middle point, the magnet is maintained in a position at
right angles to the magnetic meridian. :

It is manifest from the nature of this suspension, that the weight
of the suspended body will tend to bring it into the position in which
the two portions of the wire are in the same plane throughout. The
moment of the directive force is G sin v;—v denoting the angle
formed by the lines joining the bearing points above and below, or
the deviation from the plane of detorsion; and G being expressed by
the formula .

—— aq.
G—'W-l—,

in which W denotes the weight of the suspended body, « half the in-
terval of the wires, and / their length. The earth’s magnetic force, on
the other hand, tends ‘o bring the magnetic axis of the bar into the
magnetic meridian, with the force F sinu; in which « is the deviation
of the magnetic axis from the meridian, and F is the product of the
horizontal part of the earth’s magnetic force into the moment of frec
magnetism of the bar. Tle magnet being thus acted on by two
forces, will rest in the position in which their moments are equal.
‘When the instrument is so adjusted that # = 90° or the magnet at
right angles to the magnetic meridian,

F = Gsinv;

and the ratio of the forces is known, when we know the angle v.
But as one of these forces is constant, and the other variable, it is
evident that the place of the magnet will vary around its mean po-
sition, and that the variations of angle are connected with the varia-
tions of the force. 'This conucxion is expressed by the formula

AF

F —cotanv Au;

the angle A ubeing cxpressed in parts of radius.

Construction.—The magnet bar is of the same dimensions as that of
the declination instrument. The collimator, by which its changes
of position arg, observed, is a\tached to the stirrup, and has a motion
in azimuth*. The suspending wire passes round a small grooved
wheel, on the axis of which the stirrup rests by inverted Y’s; and
the instrument is furmished with a scries of such wheels, whose dia-
meters increase in arithmetical progression, (the common difference
being about ;%;th of an incl,) for the purpose of varying the interval
of the wires. The exact intervals, corresponding to each separate

* The horizontal force magnetometers belonging to H. M. ships Erebus and
Terror are provided with a mirror attached to the stirrup of the magnet, and fwo
scales, similar to those of the declination magnetometer. The mirror has a move-
ment in azimuih, in the same manner as the collimator which it replaces.
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wheel, have been determined by the artist by gccurate micrometrical
measurements; they are given in Tables III. and IV. in p. 30. Thg
same interval is altered, at the upper extremity, by means of two
screws (one right-handed and the other left-handed) cut in the same
gylinder ; the wires being lodged in the intervals of the threads, and
their distance regulated by a micrometer head. The interval of the
threads of this screw (which is precisely the same for all the instru-
ments) is 4% ths, or ‘02597 of an inch. 'The micrometer head is di-
vided into 100 parts; and, as one revolution of the head corresponds
to two threads of the screw, a single division is equivalent to ‘0005194,
or the zihyth of an inch nearly. The micrometer head has been
carefully adjusted by the artist, so that the index is at zero, when
the interval of the wires is exactly half an inch.

The collimator, in this instrument, is inclosed in a light tube
attached to the stirrup. The aperture of the lens is about %;ths of
an inch, and its focal length about 8 inches. The divisions of the
scale are the same as in the collimator of the declination magneto-
meter; the corresponding arc values have been ascertained for each
instrument by accurate experiment, and are given in Table II. p. 30.

The larger parts of this apparatus,—the box, the framework, and
the support,—are preciscly similar to those of the declination mag-
nctometer. In addition to the parts already described, the instrument
is furnished with a spare magnet; a brass weight, required in deter-
mining the plane of detorsion of the wires rclatively to the magnetic
meridian ; athermometer, the bulb of which is within the box, for the
purpose of ascertaining the interior temperature; and a copper ring
used in checking the vibrations, .

Adjustments.—The instrument being placed on its support, the
base is to be levelled, and the whole apparatus fixed. Having then
selected one of the small grooved wheels, and fixed it, temporarily,
with its axis horizontal, the wire is to be passed round it; and the
free extremities of the wire being passed through, the corresponding
holes in the suspension roller, placed beneath, weights are to be
attached, and the two portions of the wire allowed to assume their
natural position; the extremities may then be fastened to the roller, by
introducing small wooden plugs in the holes. The parts are then to
be inverted, and put in their proper places; the suspension apparatus
resting on the divided circle, and the wire fanging down fhe tube.

The collimator (its scale having been previously adjusted to focus*)
is to be screwed on to the stirrup, and the latter attached to the axis
of the grooved wheel by means of its Y’s. Thg nfagnet is then in-
troduced into the stirrup, and levelled; and the wires wound upon
the roller, until the collimator is at the desired height.

"These preparations being made, the adjustments are the following:

1. Determine experimentally the angle through which it is neces-
sary to turn the moveable arm of the torsion circle, in order to deflect
the magnet from the magnetic meridian to a position at right angles

* This adjustment has been already made by the artist.
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to it, the two positions being merely estimated. The cosine of this
gngle is, approximately, the ratio of the magnetic force to the tor-
sion forcc, or the value of the fraction -g The nearer this ratio is
to unity, the more delicate will be the instrument; practically, %
will be found a convenient value. If, on making the foregoing ex-

« periment, the ratio should be found to fall below, or to exceed the
proper limits, the torsion force must be altered by introducing a dif-
ferent wheel, and making the corresponding alteration in the inter-
val of the upper extremities of the wires.

2. The magnetic axis being brought, apprommate]y, into the mag-
netic meridian, by turning the moveable arm of the torsion circle,
the collimator is to be turned, by its independent motion, until some
point about the middle of the scale coincides with the vertical wire
of the fixed telescope. 'T'his point of the scale is to be noted in the
usual manner.

3. The magnet s then to be removed, and the brass weight at-
tached. Note the new point of the scale which coincides with the
wire of the telescope. Then, if the magnet had been placed (in the
previous expcriment) in its direct position (i. e. north to north) the
error of the plane of detorsion is

-(-:T + 1) v,
v' being the difference of the two readings, converted into angular

measure. If, on the other hand, the magnet had been reversed (i. e.
north end t. south) the error is

(5"

The moveable arm of the torsion circle is then to be turned through
this angle, in the opposite direction ; and the magnetic axis will be
in the magnetic mgridian.

The difference of the two readings, corresponding to a given error,
being much greater in the reversed than in the dircct position of the
magnet, it follows that the former affords a much more delicate me-
thod of making the desired adjustment.

4. The brass weight remaining attached, turn the moveable arm
of the téision circle through 90°. Then turn back the collimator,
until some point about the middle of the scale coincides with the
vertical wire of the fixed telescope; and note the reading.

5. Now remove the brass weight, and replace the magnet. The
magnetic force of the earth will bring it back towards the magnetic
meridian, and the scale will be thrown out of the field of the tele-
scope. Then turn the moveable arm of the torsion circle, until the
point of the scale last noted is brought to coincide again with the
wire of the telescope; the magnetic axis is then in the plane per-
pendicular to the magnctic meridian, and the adjustment is complete.

The following adjustment, made at the Dublin Magnetical Obser-
vatory, will serve to exemplify the foregoing description.
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August 14.—Having attached the wire im the manner deseribed,
the wheel No. 5, whose diameter = 0:4607 of an inch, was introduced,
and the stirrup and weight appended. 'The upper extremities of the
wire having been adjusted to the interval of kaif an inch (the zero
point) by means of the micrometer, the correction to be made in the
uppér interval was, in parts of an inch,

0°4607 — 05000 = — 00393 ;

and dividing this number by ‘0005194, the fraction of an inch corre-
sponding to a single division of the micrometer head, the resulting
number, 76, expresses the number of divisions through which the
micrometer head was to be turned backward, so as to equalize the
interval of the wires at top and bottom. The micrometer was
accordingly turned back from 100 (or zero) to the division num-
bered 24.

1. The magnet being now introduced intg the stirrup, and the
weight removed, it was found necessary to turn the moveable arm of
the torsion circle through 151° 30/, in order to defiect the magnet
from the magnetic meridian to a position at right angles to it, the
two positions being known only approximately. *Hence the ap-
proximate value of the ratio of the forcds was

.g = cos (1510 30') = *88.

2. The moveable arm of the torsion circle was then turned, until
the magnetic axis was, approximately, in the magnetic meridian :
and the reading of the torsion circle was found to bee260° 10'. The
collimator was then turned, by its independent motion, until the
division coinciding with the vertical wire of the fixed telescope was
about the middle of the scale. The coinciding division was 140.

3. The magnet was now removed, and the brass weight attached ;
and the new coinciding division was observed to be 118. The dif-
ference of the two readings is 22, and multiplying 10776 (the arc
value of a single division) by this difference, the angle v’ = 241,
Consequently (the magnet having been placed in the direct porition)
the error of the plane of detorsion was

G ) oat L 188 __ .y
(F +1)v'= 24 x Zo =51 .
Subsequent trials, however, showed that the error here deduced
was greater than the truth; and that the two readings of the scale
agreed, when the reading of the torsion cigcle was 260° 32"

4. The brass weight being attached, the moveable arm of the
torsion circle was turned through 90 degrees, so that its reading was
350°32'. The collimator was then turned back, by its independent
motion, until the coinciding division was about the middle of the
scale. The reading of the scale was 134,

5. The brass weight was then removed, and the magnet replaced ;
the scale was consequently thrown out of the field of the telescope.
The moveable arm of the torsion circle was turned further, in the
same direction as before, until the division of the scale last noted,
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134, again coincided with the wire of the telescope. The magnetic
axis was then perpendicular to the magnetic meridian, and the ad-
justment was complete.

'The reading of the torsion circle, after this step of the adjustment,
was found to be 51° 2'; and consequently

. v= 60°30, and T =sin v ="8704,
Observations.—The observations to be made with this instrament
are those of the absolute value of the horizontal intensity, and its
changes.

From the explanation of the principle of the instrument, given
above, it is manifest that it will serve to determine the moment of
the force exerted by the earth upon the free magnetism of the sus-
pended bar. Let X denote (as before) the horizontal part of the
earth’s magnetic force; m the moment of free magnetism of the bar;

then -
mX=F,

F having the same meaning as before (page 24). Hence, substi-
tuting the values of F and &, we have

.mx=w“7“sinv;

in which equation all the quantities of the second member may be ob-
tained by direct measurement. The chief difficulty in this method
consists in the determination of the quantity ¢, which should be known
te a very small fractional part of its actual value. This difficulty
has been overcome by the measuring apparatus connected with the
suspension, which (us has been already stated) serves to determine
the interval of the wires, at their upper extremity, to the 5;55th of
an inch. The numbers given in Tables III. and IV. (p. 305 for the
lower interval, may be relied on to the same degree of accuracy. It
is scarcely necessary to mention that the length of the wires, /, is to
be measured between the points of contact above and below.

The product of the earth’s magnetic force into the magnetic mo-
ment of the bar being thus known, the ratio of the same quantities
is to be determined by removing the bar from its stirrup, and using
it to deflect the suspended bar of the declination instrument, accord-
ing to the known method devised by Gauss. The experiments of
deflection may, however, be performed without the aid of the second
magnetometer, by operating upon another bar placed in the reverse

sition. This method has even the advantage in point of delicacy;
but it labours under the disadvantage of requiring that the value of

(_l;- should be determined for the second bar.

The chief usc of this apparatus is in observing the variations of
the intensity. In these observations it is only necessary to note, at
any moment, the point of the scale coinciding with the vertical wire
of the fixed telescope, the mode of observing being precisely the
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same as in the other instrument. Let n be the number of divisions,

and parts of a division, by which the readingsat any moment differs

from its mean value; then the corresponding variation of the angle

(in parts of radius) is

Au=na;

a denoting the arc value (in parts of radius) corresponding to a single

division. Substituting this in the formula of page 24, and making
L J

k = a cotan v,
we have
AF
F

The values of a have been determined for each of the instruments
and are given in Table II. p. 30.

Thus, in the instrument in use in the Dublin Observatory, the
angle corresponding to a single division of the scale =1"0776,
so that ¢ = *0003135. And since, in the adjugtment of this instru-
ment it was found that v = 60° 30’, we have

k =-0003135 x cotan (60° 30') = *0001774.

The quantity F, in the preceding formula, is the*product of the
earth’s magnetic force into the moment of*free magnetism of the bar;
and, as the latter quantity varies with the temperature, it is neces-
sary to apply a correction, before we can infer the true changes of
the earth’s force. This correctionis easily deduced. Since F = Xm,
there is

= —kn.

so that the correction required is — __A_m_m. Let ¢ denote the tempe:

rature, in degrees of Fahrenheit; ¢ the relative change of the mag-
netic moment corresponding to one degree; then

Am __ _

Accordingly, the changes of the earth’s force will be expressed by
the formula
S =—kntq(e-32).

It is not necessary that these reductions should be applied to the
individual results, except in cases of marked chgnge, where it is de-
sired to trace the progress of the actual phenomena. The results
should be recorded as they are observed, in parts of the scale; and
the reductions made in the monthly, or other mean values.

The following Table contains the arc values of cne division of the
scale, in each instrument, expressed in decimals of a minule; as also
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the same quantities reduced to radius, as the unit, by multiplying by
the number *0002909.

. Tanvre 11.
Desig;natioul o Are values of one division.
I servatory. - - -

Iustrument. In Minutes. ! In parts of Radius.
I. H.M.S. Ercbus . 1-:075 | -0003127
II. Van Diemen’s Land 1-080 -0003142
III.  Montreal.......... 1074 0003124
IV.  !Cape of Good Hope 1-084 0003153
V. iSt. Helena .. . ...| 1080 *0003142
A. {Simla ............ 1-086 *0003159
B. {Madras .......... 1079 ‘0003139
C. Singapore ........| 1078 0003136
H. H.M.S Terror ....| 1076 -0003131

The following Tublos contain the intervals of the axes of the
wires correspoading to each wheel, in decimals of an inch; the wire
used being that designateC’ in commerce as “* silver, fine 6.”

Tazore II1.

S

No.of | L mo o b V.
Wheel. H.M.S.  {Van Diemen’s! Montreal. | Cape of Good [St. Helena.
Erehus. Land. ! Hope.
11 ‘2536 *2549 *2529 *2542 *2536
2 +3032 38 3055 3055 *3063
b 3049 *3516 40 ‘3497 ‘3513
4 4058 4088 4078 4052 4071
5 4562 ‘4555 4581 4555 <4545
6 *5055 5071 +5042 5055 *5058
7 5555 *5604 5588 5565 5591
8 *6071 *6071 *6071 *6097 +6081
@ . TazrLe 1V.
No. of A. B. C. H.
Wheel. Simla“. Madras. Singapore. | H.M.S. Terror.

7 3614 3643 3598 3637

8 *4153 4159 ‘4124 4146

9 4620 4643 4663 4640

10 5182 5146 5182 5156

11 5663 5659 *5666 5672

12 *6153 ‘6111 *6120 *6143
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VERTICAL FORCE MAGNETOMETER.

The instrument used in determining the changes of the vertical
component of the magnetic force is a magnetic needle resting on.
agatc planes, by knife-cdges, and brought to the horizontal position
%y weights, IFrom the changes of position of such a needle, the
changes of the vertical force may be inferred, when we know the
meun inclination at the place of observation, and the times of vibra-
tion of the needle in the vertical and in the Lorizontal planes. For.
it may be shown that .

AF 1"

T cotan 0 Ay ;
where Ay denotes the change of the angle in parts of radius, § the
inclination, and T and 1" the times of vibration of the necedle in the
certicul and horizontal planes respectively.

Construction.—~The magnctic ueedle is 12 inches in length, It
has a eross of wires at each extremity, attached by means of a small
ring of copper; the iuterval of the cros=es beibg 18 inches. The
axis of the uncedle is formed into a kunife edge, the edge being ad-
justed to pass as nearly as possibie through the centre of gravity
of the unloaded instrumient.  The weights by which the other ad-
justwents are effceted arc small brass sefews moving in fixed nuts,
one on each arm; the axis of one of the screws being paraliel to
the magnetic axis of the needle, and that of the other perpendicular
10 it.

The agate plane: upon which the needle rests are attached to a
~olid support of copper, which is firmly fixed 0 a massive marble
base.  In this support there is a provision for raising she needle off
the planes, the contrivance for cffecting this object being similar to,
that eniployed in the inclination instrument., The whole is covered
with an oblong box of muhogany, in one side of which are two small
glazed apertures, for the purpose of readiog; the opposite side of
the box is eovered with plate glass. A thermom ter, within the
box, shows the temperature of the interior ajr; and a spirit level,
atfached to tue marble hase, serves to indicate any change of level
which may occur in the instrument,

‘T'he position of the needle at any instant is observed by means of
two micrometer microscopes, one opposite each end.  These micro-
scopes are supported on short pillars pf copper, attached to the
base of the instrament. They are so adjusted that ohe complete
revolntion of the micrometer screw corresponds to about 5 minute#
of arc.  The micrometer head is divided into 50 parts; and, con-
sequently, the arc corresponding to a singlesdivision is about 01,

n addition to these parts, the apparatus is provided with a brass
bar of the same length as the magnet, (furnished, like it, with cross
wires at the extremities, and knife-edge beariugs,) for the purpose of
determining the zero points of the micrometers; a brass scale, divided
to 10/, used in ascertaining the value of the micrometer divisions ;
und o horizontal needle, to be employed in determining the azimuth
of the vertical plane in which the needle moves,
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Adjustments.~The following are the adjustments required in this
instrument : [

., 1. The instrument being placed on its support, in a suitable posi-
tion with respect to the other two instruments, the azimuth of the
plane in which the needle is to move may be adjusted in the follow
ing manner. The plane is made to coincide, in the first instance,
with the magnetic meridian, by means of the horizontal needle which

[ moves upon a pivot fixed to the top of the scale. A small theodolite
(or other instrument for measuring horizontal angles) is then placed
on the base; and its telescope brought to bear on a distant mark.
The telescope should then be moved through a horizontal angle equal
to the intended azimuth of the instrument, but in an opposite direc-
tion. The base of the instrument is next to be turned, without dis-
turbing the theodolite, until the mark is again bisected by the wire
of the telescope: it is then in the required azimuth. The base
should then be levelled, and permanently fixed.

2. The fived wires of the microscopes arc then to be adjusted to
the same korizontal iine. This is effected by means of the brass
needle. This needle being placed upon the agate planes, by its
knife-edges, and allowed to come to rest, it is manifest that the line
joining the cross wires will be horizontal, provided it be perpendi-
cular to the line joining %he centre of gravity and the axis. To
effect this latter adjustment, the needle (a great part of whose weight
is disposed below the knife-edge) is furnished also with a small
moveable weight. The test of the adjustment is similar to that of
the corresponding adjustment of the ordinary balance. The move-
able wire of one of the microscopes being brought to biscct the
cross, if theeadjustment is complete, it will bisect the cross at the
other extremity upon reversal; if not, the position of the needle will
ndicate in what manner the weight is to be moved.

A horizontal line being thus obtaincd, the fixed wires of the micro-
scopes are to be adjusted to it, by moving the capstan-headed screws
with which they are connected.

3. The last adjustment is that of the magnetic needle to the hori-
zontal position. To effect this adjustment the needle is furrished
with two moving weights, one on each arm. These weights (it
has been already stated) are screws moving in fixed nuts, onc in a
direction parallel to the magnetic axis of the needle, and the other
in a direction at right angles to it. By the movement of the former
the needle fs brought to the horizontal position; and by that of the
datter, the centre of gravity is made to approach the centre of mo-
tion, and the sensibility of the instrument thereby augmented.

It is manifest that theline joining the two crosses at the end of the
needle will, in general, deviate from the magnetic axis. The amount
of this deviation may be ascertained (before the instrument is per-
manently fixed) by reversing the needle on its supports, the plane
of the instrument being perpendicular to the magnetic meridian. Half
the difference of the readings, in the two positions, will be the de-
viation sought.

Observations.~In observing the variations of the vertical force
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with this instrument, it is only necessary to bsing the moveable wire
of each micrometer to bisect the opposition cross of the needles
The interval between the fixed and moveable wires, expressed in
Jangular measure, is the deviation of the needle from the horizontal
position; and the changes of the vertical force are thence obtained
by multiplying by a constant coefficient. :

If » denote the number of divisions, of the micrometer head, cor-,
responding to the interval of the wires,

Aypy=na,
a denoting the angle (in parts of radius) corresponding to a single
division. Consequently, the changes of the force are expressed
(as in the case of the other component) by the formula
F = ka;
in which the constant coefficient is -
]
k—acotane.;l.‘?

The quantity F in the preceding formula is the product of the
vertical component of the earth’s magnctic force mubltiplied by the
moment of frec magnetism of the ncedle; ®or

F=nY,

accordingly the results thus deduced require a correction for the
effeets of temperature upon the quantity m. ‘This correction is
similn. to that applied to the horizontal intensity, and the cor-
rected expression of the changes of the vertical component is con-
scquently e

AY _ . oY

v = a4+ q(—32);
where ¢ denotes the actual temperature (in degrees of Fahrenheit) at
the time of observation, and ¢ the relative change of the magnetic
moment of the needle corresponding to one degree. As in the case
of the other instruments, however, it is not in general necessary to
apply these reductions to the individual results.

TIMES OF OBSERVATION.

The objects of inquiry in Terrestrial Magnetism may be naturally
classed under two heads, according as theP relate, 1. to tiee absolute
values of the magnctic elements at a given epoch, or their mean va-
lues for a given period; or 2. to the variations which these elements
undergo from one epoch to another. It will be ¢bnvenient to con-
sider scparately the observations relating to these two branches of
the subject.

Absolute Determinations.

By the method of observation which has been suggested for the
absolut%declination, every determination of the position of the decli-
nation Bar is rendered absolute. We have only to consider the va-
rying angle between the magnetic axis of the bar and the line of col-
limation of the fixed telescope, as a correction to be applied to the

D
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constant angle (alreac’y determined) between the latter line and the
wmeridian, It is manifest that if the fizity of the line of collimation
of the telescope could be depended on, a single determination of the
latter angle would be sufficient. But this is not to be trusted for
any considerable period; and it will be therefore necessary, from
time to time, to refer the line of collimation of the telescope to the

«meridian, in the manner already explained. This observation may
be repeated once @ month, or more frequently if any change in the
position of the telescope be suspected.

In the case of the infensity, there is another source of error (be-
side that due to a change in the position of the instruments) which
can only be guarded against by a rcpetition of absolute measure-
ments. The magnetic moment of the magnet itself may alter; and
the observations of intensity changes afford no means of separating
this portion of the effect from that due to a change in the earth’s
magnetism. 'This separation can only be effected by means analo-
gous to those empldyed in the determination of the absolute value of
the horizontal intensity ; and accordingly one or other (or both) of
the methods proposed for this determination should he occasionally
resorted to. ‘It is desirable that this observation should be repeated
once in every month; and more frequently, whenever the changes ob-
served with the horizontal force magnetometer indicate, by their
progressive character, a change in the magnetic moment of the sus-
pended bar.

It would be easy, in theory, to devisea method by which the ver-
tical force magnetometer might he made to serve in determining the
absolutc vaiue of the vertical intensity. The means which at pre-

« sent offer themselves appear, however, 10 be surrounded with prac-
tical difficulties; and it seems safer to deduce this result indirectly.
From the formule given in page 1?, we have

Y=Xtano;
so that if the inclination, 6, be known, and the horizontal intensity, X,
determined in absolute measure, the vertical intensity, Y, is inferred.

For the purpose of observing the element 6, each observatory is
furnished with an inclination instrument. The observation should
be made in an open space, sufficiently remote from the magnets of
the observatory, and from other disturbing influences; and a series
of measuyes should be trken simultaneously with the two intensity
magnetometers, for the purpose of eliminating the changes of the in-
clination which may occur in the course of the observation. As to
the mode of observation, the best seems to be the usual one, the plane
of the circle coinciding with the magnetic meridian ; but for the pur-
pose of testing the axles of the needles, and the limb of the instru-
ment, it is desirable that a series of observations should be made in
various azimuths,—for example, every 30° of the azimuth circle com-
mencing with the magnetic meridian. The inclination is then in-
ferred, from each pair of corresponding results, by the formula

cotan? 6 = cotan® y + cotan?y';
% and 3’ being the observed angles of inclination in two planes at right
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angles to one another. Where the inclinati®n is great (as in Ca-
nada), this method will serve to test only a limited portion of the
circumference of the axle and limb. In this case the best course
&ppears to be that pointed out by Major Sabine*, namely, to con-
vert onc of the needles, temporarily, into a needle on Mayer’s prin-
ciple, by loading it with sealing-wax ; and to deduce the inclination,
from the angles of position of the loaded needle, by the known for-
mula of Mayer. The observations here suggested having been very
carefully made, and the inclination changes eliminated in the manner
above explained, the observed difference between the mean and the
result obtained in the magnetic meridian, should be applied as a cor-
rection for the crrors of axle and limb to all future observations made
in the meridian.

These observations should be made at the same periods as those of
the absolute horizontal intensity.

Variation of the Elements. o

The variations of the magnetic elements are, 1. Those variations
whose amount is a function of the Zour angle of the sun, or of his
longitude ; and which return to their original valuesat the same
hour in successive days, or the same scason in successive years.
These, from their analogy to the corresponding planetary inequal-
ities, may be denominated periodical. 2. The variations, which are
either continually progressive, or else return to their former values
in long and unknow® periods; these may in like manner be deno-
minated secular. 3. The irregular variations, whose amount changes
from one moment to another, and which observe (apparengly)ao law.

The periodical variations (with the exception of those of the decli-
nation) have hitherto been little studied; and, even in the case of '
the single element just mentioned, the results have scarcely gone
beyond a general indication of the hours of maxima and minima,
and of the changes of their amount with the season. The subject
is nevertheless of the highest importance in a theoretical point of
view. The phenomena depend, it is manifest, on the action of solar
heat, operating probably through the medium of thermo-electric cur-
rents induced on the earth’s surface. Beyond this rude guess,
however, nothing is as yet known of the physical cause. It is even
still 2 matter of speculation whether the solar influence be a prin-
cipal, or only a subordinate cause, in the phenomena of terrestrial
magnetism. In the former case, the periodical changes are to be
regarded as the effect only of the variations of that influence; in
the latter, they must be considered as its entire result, the action in
this case only serving to modify the phenomena due to some more
potent cause. It may be fairly hoped that a diligent study of this
class of phenomena will not only illustrate this and other doubtful
points in the physical foundation of the science; but also, whenever
that physical cause shall come to be fully known, and bhe made the
basis of a mathematical theory, the results obtained will serve to give
to the latter a numerical expression, and to test its truth, Even

* Reports of the British A;socintion, vol, vii, p. 55,
D
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the knowledge of the'*mpirical laws of the hourly and monthly fluc-
tuations must prove a considerable accession to science; and (as one
of its more obvious applications) will enable the observer to reduce
his results, as far as this class of changes is concerned, to their
mean values.

For the complete determination of the hourly and monthly changes

. of the magnetic elements, a persevering and laborious system of ob-
servation is requisite. The érregular changes are so frequent, and
often so considerable, as (partially at least) to mask the regular;
and the observations must be long continued at the same hours, be-
fore we can be assured that the irregularities do not sensibly affect
the mean results. Again, in a theoretical point of view, the noc-
turnal branch of the curves by which the periodical changes are re-
presented is quite as important as the diurnal; and it is manifest
that nothing can be done towards its determination without the
cooperation of a number of observers. At cach of the Observato-
ries about to be founded by Her Majesty’s Government and by the
East India Company, there will be three assistant observers placed
under the command of the Director ; and it is intended that the ob-
servations shall be taken every fwo hours throughout the twenty-four.
In order that this series 6f observations, which is especially destined
for the determination of the periodical changes, may at the same
time cast some light upon the irregular movements, it is proposed
that they shall be simultancous at all the obsepgatories. The hours
which have been agreed upon are the even hours (0, 2, 4, 6, &c.)
Gottingen mean time. 1t is likewise intended that one observation of
the twelve®shall be a ¢riple observation, the position of the magnets
being noted according to an arrangement which will be hereafter
explained. The time of this triple observation will be 2 ».n., Got-
tingen mean time.

"The barometer, and the wet and dry wnermometers, will be regis-
tered at each of the twelve magnetic hours.

No observation will be taken on Sunday.

No distinct series of observations is required for the determination
of the secular variations. In the case of the declination, the yearly
change will be obtained by a comparison of the monthly mean re-
sults (for the same month and same hour) in successive years. The
observat@ons of two years only will thus furnish 144 separate results,
from which both the periodical and the irregular changes are elimi-
nated ; so that great precision may be expected in the final result,

- notwithstanding the limited period of observation. The same mode
of reduction will apply to the two components of the intensity, pro-
vided that no change shall have taken place in the magnetic moment
of the bars employed. In the latter event, recourse must be had to
the absolute determinations for a knowledge of the secular changes.

The subject of the irregular movements has acquired a prominent,
and almost absorbing interest, from the recent discoveries of Gauss.
It has been ascertained that the resultant direction of the forces, by
which the horizontal needle is actuated at a given place, is incessantly
varying, the oscillations being sometimes small, sometimes very con-
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siderable ;—that similar fluctuations occur at the most distant parts

of the earth’s surface, at which corresponding 8bservations have been

as yet made ;—and that the instant of their occurrence is the same

everywhere. The intensity of the horizontal force has been found
ssubject to analogous perturbations.

For the full elucidation of the laws of these interesting pheno-
mena, it is of the first importance that the stations of observation
should be separated as widely as possible over the earth’s surface,®
and that their positions should be chosen near the points of maxima
and minima of the magnetic elements. This has been in a great mea-
sure accomplished as regards the observatories about to be founded
by Her Majesty’s Government and by the East India Company.
The stations are wide asunder in geographical position, and they
arc in the neighbourhood of points of prominent interest in reference
to the isodynamic and isoclinal lincs. The results of observation at
these stations will soon testify whether the shocks to which the mag-
netic needle is subject, are of a local or of a upiversal character as
regards the globe ; and in either event we may expect that they will
furnish information of great value (in reference to a physical cause)
as to thc magnitude of the phenomena in different places, and the
elements on which it depends. .

In the observations destined to illustrate this class of phenomena,
it is proposed to follow the plan laid down by Gauss, as nearly as the
proposed extension of that plan will permit. The Gittingen terms*
will be observed as agreed on by the German Magnetic Association;
but in place of confining them to four in the year, as at present,
they will be extended to twelve.

The four terms at present agreed upon by the German Magnetic
Association occur in the months of February, May, August, ands
November, and commence on the Friday preceding the last Saturday
of the month, at 10 ».m. Géttingen mean time. It is proposed
that the eight additional terms shall be held on the Wednesday

- nearest the 21st of the eight remaining months; the hour of com-
mencement being the same as before.  Thus, in the course of the
next three years, there will be thirty-six terms of simultaneous ob-
scrvation. The days of commencement of these terms are given in
the subjoined table. The hour of commencement will be, in all
cases, 10 p.m. Gittingen mean time,

In these terms the declination magnetameter will be gpserved at
intervals of five minutes, the corresponding moments of observation
being the full minutes, 0, 5, 10, 15, &c. Gottingen mean time.
Each of the force magnetometers will be obsewved at intervals of
ten minutes ; the epochs of observation of th® horizontal force mag-
netometer being 2™ 3085, 12™ 305, 22™ 305, &c., and those of the
vertical force magnetometer 7™ 30%, 17™ 30%, 27™ 30%, &c. Got-
tingen mean time. By this arrangement an observation will be
taken every 2} minutes, and the observer will have sufficient time
between the observations to transfer his attention from one instru-
ment to the next without embarrassment or confusion.

* For the details of the arrangements of the “ ferm observations,” see the trans-
lation of Gauss’s memoir in Taylor’s Scientific Memoirs, vol. ii. part v.
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Days of commencement of the terms of simultaneous observation,

during the years 1840, 1841, and 1842.

Month. 1840. 1841. 1842,
January ... .. Wednesday 22 | Wednesday 20 | Wednesday 19
Febru . | Friday 28 | Friday 26 | Friday 25
March ..... . | Wednesday 18 | Wednesday 24 | Wednesday 23
April ....... Wednesday 22 | Wednesday 21 | Wednesday 20
May Friday 29 | Friday 28 | Friday 27
June........ | Wednesday 24 | Wednesday 23 | Wednesday 22
July...... .. | Wednesday 22 | Wednesday 21 | Wednesday 20
August. .... | Friday 28 | Friday 27 | Friday 26
September ... | Wednesday 23 | Wednesday 22 | Wednesday 21
October ... .. Wednesday 21 | Wednesday 20 | Wednesday 19
November ... | Friday 27 | Friday 26 | Friday 25
December. ... | Wednesday 23 | Wednesday 22 | Wednesday 21

In case of the occurrencg of Auroras, the hourly should at once be
exchanged for uninterrupted observation, should that not be actually
in operation. The affections of the magnetometers during thunder-
storms, if any, should be noticed, though it is at present believed
that they have no influence.

During an earthquake in Siberia in 1829, the direction of the
horizontal needle, carefully watched by M. Erman, was uninflu-
enced; should a similar opportunity occur, and circumstances per-
¢nit, it should not be neglected.

2, FIGURE OF THE EARTH.

If the traveller be provided with invariable pendulums, with all
the necessary apparatus for determining the length of the seconds
pendulum, it will be highly desirable to have this important observa-
tion made at several points, especially in high southern latitudes,
and generally speaking at points as remote as possible from those
at which it has already been determined. The selection of these
must depend on local circumstances, as regards convenience for
landing th€ instruments and executing the operations, as well as on
the times of arrival at the several points.

It would also be desirable, if a convenient opportunity occurs, to
swing the pendulums en the top of some high mountain; in which
case they should also be swung at the foot of the same mountain, in
order to determine the difference produced by the elevation, or uther
effect of the high land.

Another experiment which it would be desirable to make, is to
swing the pendulum on a large field of fixed ice, as far from the
land as possible ; and likewise on the nearest shore to such position.
In all these cases more than one pendulum should be used; and
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at least three knife edges should be employged, in order to guard
against any unforeseen anomaly that may arise.
It is scarcely necessary to state, that the direction of the line of
motion, with respect to the magnetic meridian, should be noted at
“each station.

3. TIDES.

Our knowledge of the tides is so incomplete that there are few®
coasts on which good tide observations will not be valuable, espe-
cially il they are made with a due apprchension of the purposes to
which they should be directed. One of these purposes is to deter-
minc the manner in which the tide éravels from one part of the
ocean to another; and in order to answer this purpose the observer
must ascertain the establishment, or time of high water with reference
to the moon’s transit. The interval at which the high water follows
the transit of this luminary is not constant; it varies to the amount
of about eighty minutes in the course of a semilunation, according
to the law expressed below in the Table of the Semimenstrual ine-
quality, p. 43; and hence the corrected establishment, or lunitidal in-
terval, as also the vulgar establishment, or time of higlh water at new
and full moon, may be determined apprgximately by observations
madc at any period of a lunation : but no determination can be very
exact which does not include several days’ observations.

The traveller or navigatorwhowould contribute towards our know-
ledge of the motion of the tide ought to make tide observations at
several places along the same line of coast, so as to ascertain the es-
tablishment at cach place, and thus to determine in what direction
and at what rate the tide travels. This it is desirable to have done
on all coasts. In islands it is especially desirable to have observa-e
tions on opposite sides of the island, so as to ascertain what part of
the coast is first reached by the tide und what last.

Great variations will often be found to occur in the range of the
tide (namely, the range from low water to high water) even in a
line of coast of no great extent. In order that these variations may
clearly come into view, it is proper to observe low waters as well as
high waters.

Another purpose for which tide observations are necessary is to
determine the laws of the tides at a given place. The laws of the
tides, as applicable to practical uses, arcecommonly assugced to be
nearly the same at all places. If this were the case, all that it would
be necessary to know, in order to obtain the laws for any particular
place, would be the establishment of the place, and the range (great-
est, least, or inean) of the tide. In fact, however, it is found that
the semimenstrual inequality of the times varies considerably from
place to place, and that the semimenstrual inequality of the range
is not proportional to the range itself. Hence it is desirable to
make continued observations at several places, so as to compare
their semimenstrual inequalities. It is probable alsc that other cor-
rections (as those for lunar and solar parallax and declination ) differ
at different places in the same manner. Hence tide tables con-
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structed for one placesand applied to another place by merely alter-
ing the establishment, will often be found very inaccurate.

There is one feature of the tides which, though nearly universal,
has only been lately made a subject of observation, and which in
many cases extremely modifies the phenomena. This is the diurnal’
inequality, or difference of the two tides on the same day. This
difference affects both the heights and the times; commonly the
‘former most ; and is often so large as greatly to disguise the pheno-
mena of the tides. In cxtreme cases indeed (when its effect either
on the time or on the height is very great) it produces the appear-
ance of one tide only in twenty-four hours. At places where op-
portunity occurs it would be very dcsirable to make ohservations
which may determine this inequality ; for we are at present actually
ignorant whether a considerable inequality of alternate tides be the
rule or the exception. Observations continucd for a fortnight at
any place would ascertain the existence of this inequality, but it
would be necessary-to observe for a considerably longer period in
order to determine its amount and law with exactness. 1t is to be
recollected that the incquality disappears once every fortnight, and
changes from me tide to another when the moon passes from south
to north, or from north te south declination.

As to the mode of making observations; when the water is still,
its height, and the time of its reaching the greatest height (or the
least) may be observed by means of a pole carefully divided into
feet and inches, and fixed upright in the water; or by any cquiva~
lent contrivance. The graduations of the pole, if fixed, should be
read fropg yelow upwards, and should commence or have their zero
at a point so far below the level of low water as to admit of no pos-

ogibility of the surface of the sea ever descending so far. By this
means all the readings are positive, and all doubts and consequent
inevitable mistaies of the + and — rcadings are obviated ; the ob-
served range of the tide is then in all cases the difference of the
greatest and least semidiurnal readings—the mid-water point half
their sum. The mean of all the mid-water points, in a long series
of obscrvations, gives the division of the scale corresponding to the
mean level of the sea. In a short serics the correction will be re-
quired for this, which, in the case of & single day’s obscrvations,
may be considerable. The heights registered however should be
those rea¢ off on the scalc, andl not those deduced therefrom by the
subtraction of any assumed constant for the mean sea-level.

A much more exact and preferable mode of observation, how-
cver, is to use amr upright tube or chamber, in which is a float car-
rying an upright méhsuring rod carefully graduated into feet and
inches from above downwards (the zero of the scale being above
the top of the rod, so that it would require to be prolonged, if it
were required to read off the zero). This rod should work through
a loose collar near the point where the height is read off (which must
be done by a fixed index), and friction rollers may be applied if the
float have but little weight and buoyancy. The tube or chamber
should not be less than three or four inches in diameter, smooth on



41

the inside, and giving access {o the water by s small opening about
} inch diameter near the bottom, but not so near as to allow thg
entry of sand, &c., and guarded from that of sea weed, or sea ani-
mals, by a grating. This contrivance will ncutralize the effect of
*the waves on the float. _

The time should be observed by a watch or clock properly regu-
lated to mean solar time at the place. If it strike minutes, so much
the better. Some observers have noted, as the time of high water,
the time when the water begins to fall, which is manifestly, as a ge-
neral rule, too late. Others when it ceases {o rise, which taken as a
rule, would give a result too early, and both liable to serious mis-
takes in irregular tides. If the observer follow cither of these in-
accurate methods, he should state which, The only exact method
is for the observer to be on the watch at least a quarter of an hour
before the expected time of high water, and to note the reading of
the float at every entirc minute from the instant he arrives to that
when he desists; and his observations should be continued for not
less than ten minutes after he begins to feel assured that the high
water is past. If provided with a supply of cngraved squares, he
may then (at leisure or while the observations are proceeding) take
the time in minutes for an abscissa and éhe readings in inches for
ordinates, project the curve of high water,—round off its angles so
as to destroy accidental jerks, (which will require a little practice
and the exercise of a discreet judgement,) and both the time and
height of high water will be at once indicated by the course of the
curve with all the precision the observation is capable of. But
should he not feel competent to this operation, (which hgwever a
few trials renders very easy,) he may select for one observed height
when the water has been certainly rising, a corresponding equalP
height when it has been certainly falling, and take the mecan be-
tween these for a time of high water. And the time being thus
concluded for each observed rising height, to which a corresponding
equal sinking height has been noted, the mean of all the times of
high water so deduced will be to be taken for the true time. In
all cases the original notes of the minutely observations should be
preserved.

In must be recollected, however, that observations made in this
manner must not be directly compaved with those in which the sur-
face ccasing to rise or beginning to fall is observed; allowamee mnust be
made for the time during which the surface is apparently stationary.

‘The height of the zero point of the rcadings, above some fixed
and probably permanent mark or line, (which should be described
accurately and circumstantially so that it mdy be easily recovercd,)
should be carefully ascertained. When the graduations are on a
Jixzed pole, it is necessary for this purpose to level from the mark
pitched upon, to any one (stated) of the lines of graduation. Thus,
if the graduation of twenty feet is found to be eight feet above the
fiduciac point chosen, the zero of the scale, were it prolonged so far
downwards, would be twelve feet below it. When a float is used, it
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is the difference of level between the index by which the reading off
is made and the permanent mark, which must be ascertained.

Each obscrvation should carry the observer’s name or initials ; and
the time in which the observations are made, whethcr mnean or ap-
parent solar time, as also the clock’s error, and how obtained, should
be carefully stated. Mean time as above recommended is now uni-

Jversally prevalent.

Low water must be observed in the same manner (mutatis mu-
tandis) as high. In cases where, from the slope of the shore and
other causes, low and high waters cannot be observed at the same
station, a levelling operation will be necessary to bring to exact co-
incidence the zeros of the two graduated scales which must théh
be necessarily employed.

Mr. Palmer has described in the Philosophical Transadtions a
self-registering machine, which is intended to give the time of high
water. Such a machine is in operation in Her Majesty’s dock-yard
at Sheerness, and is lescribed in the Nautical Magazine for October
18382. The principle consists in a style or pencil which is moved
horizontally by the tide along the summit of a cylinder which is
turned round slowly and uniformly ; the pencil describes a curve
upon paper wound rouné: the cylinder, which curve indicates the
fluctuation of the water. The motion of the tide being originally
vertical is changed by a very simple mechanical contrivance. An-
other contrivance destined for the same purpose has been invented
by Captain Lloyd.

The following is the form of registering tide observations em-
ployed under the direction of the Admiralty, in which it will be
observed are noted,
¢ 1. The time and height of high water ;

2. The time and height of low water:
3. The direction and force of the wind.

Register of the Tides at Portsmouth Dock-yard.

1834, High Water. ! Low Water. R:l)tflgc Wind.

January. Time.' Height. Time.l Height. | Tide. | Dircction. |Force.

Day. hm l ft. in, | h m | ft. in. | ft. in,
1AM AL315(19 3518 20 811 10 45| N.NW. 6
PM.|330|18 47:845| 8 07|10 4 N.W. 4
2|AM |4 0|18 6 /9158 3 10 3 | WW.byN. 5
P.M.[415 107 556,925| 8 7 8 105| N.byW. 2

« The Time is Mean Time, obtained through the Royal Naval
College; and the Dock-yard clock, which is used for ascertaining
the Times of High and Low Water, is regulated thereby, by Mr.
Smithers, Clock-maker, Portsca.

% The Height of the Tide is ascertained by Lloyd’s Tide Gauge.

“ The Line from which the Heights are measured is the Sill of
the North Dock-gates.”
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In the above specimen-register the force of the wind is indicated
by figures, according to the following scale, contrived by Captain
Beaufort : ¢

0 Calm.
1 Light dir . .o.oeees.  Or just sufficient to give steerage way.

2 Light Breezc ......") Or that in which a well-condi- (1 to 2 knots.
tioned man-of-war with all

3 Gentle Breexe ...... sail set, and clean full,{ 3 to 4 knots.
would go in smooth water

4 Moderate Breezc.. frOM .« vevreensreessensenssensness |5 t0 6 knots,

5 Fresh Breeze ..., Royals, &c.
Single-reefed  topsails
6 Strong Breexe,eses. and top-gallant sails.

Or that to which such a ship | Double-reefed topsails,

7 Moderate Gale . ... could just carry in chase, jib, &c.
full and bY . seseersenseesseses | driple-reefed topsails,

8 Fresh Gale coivesnee &e.
Close-reefed  topsails,
9 Strong Gale........s and courses.

10 Whole Gale......... Or that with which she cguld scarcely bear close-reefed
main topsail and reefed foresail.
11 Storim weveveeesssssss  Or that which reduces her to storm stay-sails.

12 Hurricane ......... Or that which no canvas could withstand.

The circumstances of high water admit generally of more accu-
rate observation than those of low water. .

The following table of the semimenstrual inequality serves to re-*
duce observations madc at any period of the lunation.

'd a

Moon’s Age. .eevrreeenrensenneaneans! O . 15
h{ h{ h h h | h h [hith|h|h

Time of Moon’s transit veeeeeeenes| 0] 1} 21 3 4] 85 6 7| 8 910/11

Lunitidal interval greater than} |™
mean (i. e. than corrected es- » 11~ 5|~ 02| —33) — 37, —43]1—19 15 36/43/37|24

tablishment)eecenecereessanennans

new or full moon (i. e. than | | 16| 31) 44| 48 54 30| 4)25|32|2613
vulgar cstablishment) ......... J |o N f )

Lunitidal interval less than at} m
less. greater.

The determining the period of the lunation by the moon’s age is
a very inaccurate method; the method by means of the moon’s
transit is much more exact.

By the above table, the establishment of the place, either the cor-
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rected or the vulgar gstablishment, may be detcrmined by tide ob-
servations made at any period of the lunation.
< But the above table is not accurate, nor can any table be accu-
rate for all places: not only because the amount of the semimen-
strual inequality is different at different places, (as has already been’
noticed,) but also because the epoch of the inequality is (slightly)
different for different places. And these differences can only be
* determined by continued observations at cach place.

But it is probable that the epoch of the inequality is very nearly

the same in neighbouring places.

4. METEOROLOGY.

The traveller should keep a complete meteorological register,
skeleton forms for which have been prepared*. 'These are adapted
for intervals of observation of six hours throughout the twenty-four;
and although hourly observations be made, as is undoubtedly to be
desired, yet the regular entry and reduction of the observations for
the hours in the skeleton forms is nevertheless essential, for the sake
of future comparison with those similarly entercd and reduced at the
fixed stations. So many references have lately been made to the
Committee npon the subject of directions for meteorological obser-
vations, that they have embraced the opportunity of proposing a plan
of extensive co-operation.

In the way of general remark on this subject it may be observed,
that it is impossible to pay too much attention to the zero points of
the instruments, especially the barometer. The thermometers and

- barometers should be carefully compared with those of the Royal
Socicty ; and one barometer should be continually referred to as a
standard, whenever the instruments are landed by the navigator, and
on his return on board, so as to detect and take account of any
change which may have occurred in the interval. Nor should an
opportunity be lost, if it presents itself, of comparing the standard
barometer (by the intervention of portable ones) with the standard
barometer of the Cape Observatory, and with that used at Port
Arthur, Van Diemen’s Land, in the meteorological register kept by
Sir J. Franklin’s orders by Mr. Lempriere, as well as with the
standardsat the observatory at Paramatta, and with any other in-
strument likely to be referred to as a standard or employed in re-
search elsewhere.

The general fact that the barometer at the level of the sea does
not indicate a mean’ atmospheric pressure of equal amount in all
parts of the earth,—but, on the contrary, that the equatorial pressure
is uniformly less in its mcan amount than that at and beyond the
tropics,—was first noticed by Von Humboldt, and has since been de-

¥ Messrs. Richard and J. E. Taylor, (Red Lion Court, Fleet Street,) are directed
to supply these skeleton forms at the charge of twenty shillings for 25 Pairs.
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monstrated by the assemblage of many observations made during
voyages and on land by Schouw, as well as by other observations,
an account of which will be found in the Reports of the Meteoro®
logical Committee of the South African Philosophical Society for
*1836 and 1837. This inequality of mean pressure is.a meteorolo-
gical phenomenon of the greatest and most universal influence, as it
is, in fact, no other than a direct measure of the moving force, by
which the great currents of the trade-winds are produced; so that®
the measure of its amount, and the laws of its geographical distri-
bution, lie at the root of the theory of these winds. The progress
of barometric depression on approaching the line, and re-ascension
in receding from it, will therefore be watched with interest propor-
tionate to its intrinsic importance during the voyage outwards and
homewards.

But it may very well happen that phenomena purely local, of the
same nature, may exist, not as cause but as effect; in other words,
that the regular currents once established may, in particular loca-
lities, determined by the configuration of continents and by the in-
fluence of oceanic currents, or other causes, form permanent eddies
or atmospheric ripples, so to speak, under which thesmean pressure
may deviate materially from the general average. Aninstance of per-
manent barometric depression of this kind, in the neighbourhood of
the sea of Ochotzk, has been supposed by Erman ; and a second seems
to be pointed out in the neighbourhood of Cape Horn, by some re-
marks stated to bave originated with Captain Foster; and it is not
impossible that something of the same kind, but of an inverse cha-
racter, may be found to obtain in that remarkable district of Siberia
mentioned by Erman, where, during winter, clouds are unknown and
snow never falls; and it is somewhat curious to notice that the
localities in question are not far from antipodes to cach other.

In the passages of navigators across the equator (<specially should

-the ships be delayed by calms), opportunity may be presented of
determining the amount of diurnal barometric Aluctuation, apart from
the interfering influence of land and sea breezes, or their equivalents
far inland, which in all land observations encumber and disturb this
somewhat obscure phenomenon; as well as for ascertaining, also
apart from those influences, the existence or non-existence of that
difference between the diurnal and nocturnal maxima and minima,
which has been proved to exist in some%ocalities, and sermised to
be general *,

Connected with the equatorial barometric depression, and the
ascensional current of heated air which prodpced that depression, is
a phenomenon which may serve to elucidate the mechanism of this
current in its origin, as well as to illustrate the mode in which as-
cending currents occasionally produce rain. It cannot be supposed
that the whole body of the equatorial atmosphere rises en masse, or
with any regularity or steadiness. Such a movement would be out
of analogy with what we know of the movements of fluids in general.

* See Reports of Met. Com. S, A. Phil, Soc. above referred to.
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Its tendency to rise isr general, but this tendency is diverted by a
thousand local influences, and concentred on particular points, where
it results in ascending columns and sheets, between which wind-
flaws, capricious in their direction and intensity, and often amount-
ing to sharp squalls, mark out the course of their feeders and of the
indraft of cooler air from a distance to supply their void. Now the
existence of such ascending columns is rendered frequently visible

‘in a very unequivocal way, by vast piled-up masses of cloud of that
peculiar form which has been called cumulostratus, the bottom being
flat and ill-defined, the upper parts towering to an immense height,
and ragged with great protuberances. From the bases of these
great cumular piles are almost constantly seen to descend those vio-
lent showers so common in the calm latitudes.

It would be interesting on many accounts to obtain measures, even
if somewhat vague, of the altitudes at which the bases of these clouds
rest, as well as of the height of their summits, and to measure the
temperature of the rain which falls from them at successive periods,
as they pass over the ship, so as to ascertain whether the rain which
falls along their axis be not colder (from coming at least in part
from a greater elevation) than that from their skirts. The vapour
plane, in such circumstane=s, being nearly or precisely uniform over
vast tracts of sea, the altitude of the base of such cloud vertically
overhead may be considered the same as that of any other favour-
ably situated for measure. In fact the determination of thc mean
height of the vapour plane at and near the equator is one of high me-
teorological import, and is connected by no circuitous steps with all
the mostinferesting questions regarding the distribution of aqueous
vapour over the globe and the irrigation of the continents.

There can be little need to call thr sttentivn of navigators to
anything relating to winds, storms, lightning, &c.; yet there are
some points to which attention may bc expressly drawn, viz. to
such distribution and movements of the clouds as indicate the exist-
ence at the same time of an upper and an under turrent of wind
moving in opposed or differing directions. In such cases, the sun,
moon, or a star should be taken as a point to fix the eye. In storms
the barometer should be very assiduously noted in relation to the
varying phases of the gale and the changes of wind, and particularly
to those swdden shifts of wind which characterize revolving storms,
The Committee are not aware that the state of the barometer during
‘¢ a white squall” has ever been very carefully noted from instant to
instant; or that it or the more sensitive sympiesometer, have been
referred to during the approach and recess of a waterspout.

The phenomena of ordinary thunder-storms may be thought to
afford little matter for remark, and extraordinary ones will be noted
of course. Yet there is one point to which we should wish that
some attention might be paid,—it is the sudden gush of rain which
is almost sure to succeed a violent detonation immediately over-head.
Is this rain a cause or a consequence of the electric discharge ? Opinion
would seem to lean to the latter side, or rather, we are not aware
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that the former has been maintained or even suggested. Yet it is very
defensible. In the sudden agglomeration of many minute and feebly
electrified globules into one rain drop, the quantity of electricity i§
increascd in a greater proportion than the surface over which (ac-
‘cording to the laws of electric distribution) it is spread. Its tension
therefore is increased, and may attain the point when it is capable
of separating from the drop to seek the surface of the cloud, or of the
newly-formed descending body of rain, which, under such circum- ¢
stances, and with respect to electricity of such a tension, may be re-
garded as a conducting medium. Arrived at this surface, the tension
for the same reason becomes enormous, and a flash escapes.

The following peints should be observed, with a view to this
mode of regarding the formation of lightning. 1st. The actual
electric state of that rain which follows suddenly after a discharge
originating vertically over head.

2nd. Whether lightning occurs without rain in the immediate
point where it originates, or at least without a »apid formation and
increase of cloud at that point.

3rd. Whether lightning proceeds from a cloud undergoing ac-
tual diminution from evaporation. .

4th, Whether the cumular clouds, alresgly noticed as continually
forming and raining in the calm latitudes, send forth flashes of
lightning ; and if so, under what conditions, and with what cffects.

Obscrvations of Aurorx form a highly interesting subject. Their
effcects on the magnetic needle should of course be narrowly watched ;
and all their phenomena should be minutely registered, such as the
formation, colour, extent, situation, movement, and disapngarance
of arches, patches, banks, and streamers. In particular, attention
should be drawn to an appearance which sometimes occurs, and which ¢
cannot but be regarded as highly instructive. It consists in pulsa-
tions propagated with more or less swiftness through patches of sky
of definite forms, which however become visible only in successive
portions, as the pulse traverses them, giving the idea of masses of
vaporous matter not visible per se, but rendered fitfully so, either by a
Land of light cast in succession over every part of them from without,
or by a temporary phosphorescence developed within their substance
when traversed by electric matter. Such pulsations as above de-
scribed formed very remarkable features of the auroras of October
12, 1833, and of January 18, 1839. . .

Any indication of the near vicinity of auroral phenomena, or of
their existence at a level below that of ordinary clouds, should be
most minutely investigated at the moment, and®carefully and cir-
cwnstantially recorded. *

On the nights from the 11th to the 14th of November the sky
should be watched for the periodical meteors, whose existence seems
now to be placed out of doubt; as also from the 9th to the 15th of
Angust; and in general any remarkable display of shooting stars
should be noted. The zodiacal light also should be observed in
clear nights, with a view to the better defining its limits, and ascer-
taining if it be really, as some have supposed, variable in its extent
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or lustre. Remarkakle halos, parhelia, and other atmospheric phe-
nomena, should be recorded, and careful measures of their dimen-
sions taken with sextants or other instruments.

5. DISTRIBUTION OF TEMPERATURE IN THE SEA
AND LAND.

Connected as this subject is with meteorology, it requires in some
points of view to be considered apart. As the currents in the atmo-
sphere are produced by the differcnce of temperature in its polar and
equatorial regions, so it may be contended are those of the ocean by
differences of temperature due to the same geographical causes. Such
is the view taken by M. Arago in his elaborate instructions for the
voyage of the Bonile, and it would appear undoubtedly more just than
that which attributes them wholly to the friction and pressure of the
winds. Neverthelass it must not be forgotten that there is an essen-
tial difference in the modes of action in the two cases. The sun’s
heat is effective in increasing the temperature of the air mainly from
below, where it is in contact with the carth or water, both of which
absorb the rays and comgunicate them to the air above. In the sea
the casc is otherwise: for the sun’s rays are totally absorbed ut the
surface, and no ray reaches the bottom of any sca deserving the
name. The temperature therefore of a deep stratum of watcr cannot
be permanently maintained by the sun’s direct heat greatly above
what it would have independently of its direct action. Hep~e the
motive power in a system of currents so originating must he sought,
not in the ascensional force at the equator, but in a descensional onc
in the polar regions, or rather in that one polar regionr in which
winter prevails. "The order of the phenomcena thenis precisely the
reverse of what obtains in the atmosphere; moreover the sea. of the
efficien}t agency is not only much less extensive than in the case of
the atmospheric currents, but also subject to a semiannual shifting
from one to the other extremity of the carth’s axis, both which
causes must tend greatly to diminish the average energy of the
effect.

Practically speaking, the question resolves itself into one of fact,
which observation only can decide. Is there in the whole column
of waterédretween the suace of the ocean and its bed at the poles,
as compared with a column of equal depth at the equator and in free
communication with it, a descensional power or not? and what is its
amount ? These guestions can only be resolved by observations of the
temperature and saltness of the sea, at various and considerable
depths, in different latitudes, and under a great variety of local cir-
cumstances. The procuring such observations, and the preservation
of specimens of the water, or the determination on the spot of their
specific gravities, will afford a useful occupation in calms, and may
he recommended as well worthy of attention. Theoretically speaking.
the subject is more complicated than at first appears, since it cannct
but be that some considerable portion of solar heat absorbed by he
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equatorial continents,—in place of finding its way out of the carth by
radiation at the poles, in the mode of subterraneous communicatfon
suggested Ly Fourier,—must escape through the bed of the ocean
into its waters, and so be carried into their circulation.

'I'be distribution of temperature over the globe must greatly depend
on the intensity which the solar rays possess on attaining the surface
of the carth after traversing the atmosphere in different latitudes, Td
subject this pomt to direct inquiry in a mode which after many years’
triad has been found to give very satisfactory results, Actinometers are
provided, and accompanied with very precise directions for their
ase. T'hey should be vbserved only when the sky in the immediate
neighbourheod of the sun is perfectly free from visible cloud. On the
other hand, depression of temperature caused by diurnal and nocturnal
rudiation by the only means we at present possess for that purpose,—
viz, that of thermometers blackened and exposed in reflcctors to the
k7. —will form a useful and valuable supplement to the actinometric
vescarches.  With a view to the collection of facts illustrative of the
di~trihation of tewmperaturc on land, whercver a ship may touch
with a prospect of remaining some days, no time shguld be lost, on
landing, in burying in the earth one or mpre bottles (filled with spi-
vits, if there should be danger of water freezing), well packed in
cases, or boxes stuffed with non-conducting matter, such as woollen
cloth, pounded charcoul, &c., but o0 as to leave easy access to the
nech, which should be wide enough to introduce the bulb and stem
of a good thermometer, so as to take the temperature of the con-
tained liguid rapidly, before it can have become altered by exposure
B tse aiv on taking up the bottle.  Bottles so arranged sflould be
buricd at depths of three, six, nine, twelve, &c. feet*, according tor
tae facilities of penetrating the soil, and allowed to remain till the
rinc of departure, so s to ensure their acquiring th~ precise tempe-
rature of the soil; and when taken up should iimmediately have the
temperature of the ineluded liguids ascertained. In case of very
prelonged sojourn, monthly readings should be taken. The tem-
veratures of all springs and wells should also be diligently noted
and registered.

Opportunities for determining the te. iperature of the ocean at
oreat depths must of course be rare; but at moderate depths it can
always be done with comparatively little £rouble, and the,Commit-
tee therefore, suggest the propriety of making observations of this
clement at two moderatc and constant depths (say 150 and 300
fathoms), by the aid of a self-registering thermoraeter attached to a
sounding line whenever theship’s way shall b® such as to allow their
being mude with preeision.

6. CURRENTS OF THE OCEAN.

Thesc are either subaqueous or superficial, and, like those in the
atmosphere, both may coexist at the same place, with different direc-

* These are the depths adopted in Mr, Ferbes’s recent experiments.
E
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tions and velocities. Of the former we know almost nothing, and
of the latter but little compared with what would be desirable and
most useful. The practice of daily throwing overboard a bottle
corked and sealed with the latitude and longitude of the ship at noon
ought not to be neglected. A single instance of such a record being
found may suffice to afford indications of the utmost value, while the
trouble and cost are too trifling to mention.

As no sea can be supposed absolutely motionless, the presence of
a shoal, by casting up at the surface water which, but for it, would
have continued to sweep along at a greatly lower level with the ge-
neral body of the current, must bring the temperature of the surface
water into nearer correspondence with that below. Inlow latitudes
the surface water is hotter than that below; and accordingly it is a
general remark, that the temperature sinks as the water shoals, or
even in passing over banks whose depth is very considerable. If
this theory of the phenomcnon be correct, the contrary ought to be
observed in situations where the surface water is colder than that
below, as it is known to be under particular circumstances in the Polar
Seas. In still Jarger tracts in high latitudes the seas have nearly a
uniform temperature thronghout their whole depth. In such cir-
cumstances should any superficial variation of temperature be ob-
served in passing over a shoal or bank, it could only be ascribed to
radiation. The subject is one of considerable interest to the navi-
gator, as the approach to land or to shoal water is indicated by the
thermometer with & high degrec of sensibility. Recent observations
of this kind exist, the one at entering Table Bay in 1834, the other
at quitting it. In the former casc the temperature fell 9° Fahr. in
‘passing from deep water into the Bay; in the latter under reverse
circumstances a rise of nv less than 13° Falir. was experienced, the
temperature of the air remaining unaltered. ‘The last-mentioned
observations being very remarkable, the particulars are annexed.

Memorandum of Observations made on board the Earl of tlardwicke,
H.E.I.C.8. by Captain Henning.

March 17th, 1839. Temperature of air at 5! r.m., four miles

from Cape Town......................00vuen. 64°0
OfSra .o oven.n.. B e is tema it et e e 52°0
5b 30™ One mile north of Robben Island. Air...... .. 64°0
Sea ...ovvveiit.. e ettt et 57°0
March 18th at sea. Air .. ............ e anaas 64°:0
T Y vea. 65°0

Connected with the transcalescence of the air, is the transpa-
rency of the sea, The stimulus of the solar light no doubt affects
the surface of mollusea at great depths, and numerous points of phy-
sical inquiry would be elucidated if we knew the co-efficients of ex-
tinction of the solar rays by pure sea water. As far as the luminous
rays are concerned (or at least the chemical), the actual intensity of
these rays at various depths might be very easily ascertained, both
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for direct sunshine and that of cloudy day’light, by the aid of Mr.
Talbot’s sensitive paper; which, duly guarded from wet by varnish
and interposition between glass plates, might be sunk, face upwards
in a small frame, while a portion of the same paper, cut from the
same sheet, should be similarly exposed on deck, and partially shaded,
inch by inch, from minute to minute, (or for a smaller interval accord-
ing to the sensitiveness of the paper,) with a view to immediate com?¥
parison between decks, by a light not strong enough to alter the tint.

A mode of photometric measurement may be also furnished by
the sensitive paper above alluded to, by the exposure of a small
portion of it to the sun at noon for a given time, suppose ten se-
conds, and subsequent comparison with a scale of tints. Paper
duly prepared for these purposes was supplied for the use of the
Antarctic expedition. During solar eclipses such paper ought to
be exposed at intervals of five minutes.

The temperature of the soil under the direct, influence of the sun
as indicated by a thermometer barcly covered with dry earth, is an
element of importance to the botanist, and may he recommended as
an apt accompaniment to actinometric observations, The thermo-
meter used should have a scale reading aj least to 180° Fahr.

The height of the line of perpetual snow, by whatever indications
marked, should also be ascertained, wherever practicable.

7. DEPTH OF THE SEA.

Soundings to as great a depth as practicable should be taken
wherever opportunities may offer. Great difficulty, howeveT, is well
known to exist in the way of procuring any exact result, or indeeds
any result at all in very deep seas: and various methods (all ob-
jectionable) have been proposed and tried. ‘I'he —naximum depth
of the sca is a geological datum of such value, that a few failures in-
curred in attempts may very well be tolerated when placed in com-
petition with the interest of even partial success.

8. VARIABLE STARS.

In clear weather many interesting observations might be made by
any onc acquainted with the constellations,grprovided with g celestial
map, as to the comparative lustre and variability of stars. kspecially
we would point out to the attention of such an observer the stars a
Hydra et Crateris as certainly, and & Orionis as probably, variable ;
the former at its greatest brightness being equal to e Argls, and at its
least equal or somewhat inferior to & Arglis, which are the best stars
for comparison with it. Its period of change, however, being only very
imperfectly known, additional observations would be valuable. The
remarkable star n Argls should also be compared with others of the
same apparent brightness, or nearly so, with a view to continue the
history of its late extraordinary change of lustre. And the Committee
carnestly recommend to any one who may undertake such observa-
tions, to form a list of a certain moderate number of stars, graduating

£2
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from the first magnitude downwards by almost insensible steps, and
haVing rendered himself familiar with them, to note their arrange-
ment in order of brightness,—not once only, but on a great many
nights, forming on each occasion separate independent judgements;
trusting on no account to any printed catalogue, and diligently re-
cording and preserving his memoranda. Such observations are not
art of the ordinary business of astronomical observatories, and are
therefore neglected and abandoned to the amateur, the traveller, or
the seaman in his night-watches, which they will be found to beguile
of much of their tedium, and to reward by the frequent detection of
variable stars not previously recognised as such.

9. REFRACTION.

The determination of refractions necar the horizon, both of ce-
lestial and terrestrial objects in high latitudes, is a very inter-
esting subject of study. They may be pursued in various modes,
of which perhaps the casiest is to note the disappearance of parti-
cular stars behind the horizontal edge of a board, erected at some
considerable distance froip a fixed point of observation, and then
to ascertain, with all precision, the altitude of the linc of disappear-
ance, accompanying such observation with the height of the ba-
rometer and thermometer. Vertical diameters of the sun or moon,
when very near the horizon, with the corresponding altitudes, will
also be of use, as well as measurements of the distances of two cou-
siderable stars on the same vertical, and direct measures of the alti-
tudes of one and the same star in the progress of its diurnal course
avhen near the horizon. The curve of terrestrial refraction might
also be actually traced out by a levclling-viafft.  Any cases of nn-
usual refraction, mirage, reduplication and inversion of images, and
of lateral refraction, should be rccorded.

10. ECLIPSES.

In annular or total solar eclipses the optical circumstances attend-
ing the formation and rupture of the ring should be minutely attended
to, as well as the defalcation of light and heat, to be measured by
their appropriate methods, as detailed in the Meteorological instruc-
tions.

In lunar total eclipses the occultations of stars, whether large or
small, should be Jooked for, and any apparent projection on the
disk noticed. Great attention should also be paid to the intensity,
colour, and distribution of illumination over the disk during the tota/
eclipse, as indicative of the gencral state of the eartl’s atmosplere in
that great circle of the globe which at the moment is at right angles
to the visual ray.
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INSTRUCTIONS FOR MAKING METEOROLOGI-
CAL OBSERVATIONS.

AFTER maturely considering this subject, the Conunittec do not pre-
sume to anticipate that what they may suggest will not be liable to
objections, for their object will be to include within their compass
many excellent serics of observations which are already in progress,
rather than to propose a degree of theoretical perfection, the attain-
ment of which the present state of the science may not perhaps admit
of. Systcmatic co-operation is the cssential point to which at present
ceverything else should be sacrificed ; and co-operation on almost any
plan would most certainly be followed by more beneficial results than
any number of independent observations, however perfect they might
be in themselves. .

The plan of co-operation should, in fact, be regarded at present as
merely temporary and preparatory ; but if steadily adhered to for a
few years, it would certainly furnish the most perfeet data for its own
correction, which could then from time go time be applied with fa-
cility and precision.

The Committee are not without hopes that amateurs of science may
be induced to conform to these suggestions, even at the temporary
sacrifice of their own views and convenience; for no one can reflect
on the ‘mmense amount of labour which is now rendered uscless for
want of the requisite uniformity and precision, without bging con-
vineed of the necessity of remedying an evil which has already been
of too long standing, and continues to he a reproach to science.
Many, of course, will not have it in their power to fill up the plan in
all its details ; but they will contribute greatly to forward the design,
if, in such observations as they mayfind it convenient to make, they
strietly comply with the rules proposed. They will be further encou-
raged to lend their aid to a comprehensive system, by the consider-
ation that it will be adopted by the Government Observatories, as
well as by those about to be established by the East India Company,
and will of course be acted upon in the comparison and discussion
of the observations made at these institutions by the scientific au-
thorities who will be entrusted with the execution of thisetask.

The suggestions which the Committee wish to offer will relate, 1st,
to the times of observation; 2ndly, to the situation of the instru-
ments to be observed; 3rdly, to the corrcetion of the observations ;
4thly, to a form of registry, which may plact many of the results in
a striking point of view, and facilitate comparisons.

1. BAROMETERS.

Times of observation.—The purposes of meteorological observa-
tions would be most perfectly and most expeditiously obtained by
hourly observations throughout the year; but since in the case of
Pprivate observers in general, and in few public establishments, such
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a course of unremittingtlabour cannot be hoped for, it is necessary,
for, general purposes, to select periods at longer intervals calculated
to embrace the extremes of the periodical oscillations to which
the pressure of the atmosphere is subject, and to ensure that uni-
formity of system at different stations on which the value of such
observations so much depends. It is probable that the hours of
3 AM., 9 AM., 3 .M., and 9 p.M., nearly coincide with the daily
maxima and minima of the barometric column at thelevel of the sea,
over a large portion of the globe; and it is desirable that as exten-
sive a comparison as possible should be instituted at these hours.
At the magnetic observatories, it is provided that observations shall
be made every second, or cven, hour of Gottingen mean time
throughout the twenty-four ; so that there at least, and in all others
which will act in concert and correspondence with them, the complete
diurnal cycle will be satisfactorily observed. It would be uselessly
super-adding labour to the already extensive task imposed on these
establishments, to re{juirc observations also at the hours above re-
commended for general adoption as Meteorological hours. They will,
therefore, content themselves with tilling up the forms furnished
them, as adapted to the meteorological hours, with observations
made at the nearest magnctic hours to those named at cach station.

It is not, however, too much to expeet that hourly obscervations
should be made, dnring 24 hours, once in every month, by those
who profess to pursue meteorology in a scientific mauner ; and when
this cannot be effected, it is of the utmost importance that they
should be made at least four times in the ycar, namely, at the sum-
mer andevinter solstices, and at the spring and autumn equinoxes.
One of the results of these hourly observations would probably be
the indication of the exact times of the dailv maxima and minima
of pressure at different stations, which, if 2ot fuund to coincide with
the hours provisionally adopted; niight ultimately be substituted for
them under future directions. At the magnetic observatories the
instruments will be read off hourly, on the days set apart in each
month for the Magnetic Termobservations,and the two-hourly system
of observation in all cases continuing uninterrupted, will in effect
furnish corresponding observations on all other days, whether arbi-
trarily chosen to suit private convenience, or in pursuance of the
system about to be proposed in the subsequent paragraphs.

Hourlyeobservations at “he equinoxes and solstices have been al-
ready instituted at numerous points both of Europe and America,
at the suggestion of Sir John Herschel, whose directions should be
strictly attended tb. They are as follows:—

The days fixed upon for these observations are the 21st of March,
the 21st of June, the 21st of Septcmber, and the 21st of December,
being those, or immediately adjoining to those, of the equinoxes and
solstices in which the solar influence is cither stationary or in a state
of most rapid variation. But should any one of those 21st days fall
on Sunday, then it will be understood that the observations are to be
deferred till the next duy, the 22nd. The observation at each station
should commeuce at 6 o’clock A.Mm. of the appointed days, and ter-
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minate at 6 A.M. of the days following, according to the usual reckon-
ing of time at the place.

The commencement of cach hour should be chosen, and evéry
such scries of observations accompanied by a notice of the means
used to obtain the time, and, when practicable, by some observation
of an astronomical nature by which the time can be ascertained
within a minute or two. -

Travellers provided with meteorological instruments who may be
stationary on any of these days, may use them with advantage on
such opportunitics. Such as may ascend high mountains are re-
commended, ceteris paribus, to choose one of these days as afford-
ing a greater probability of securing a complete series of corre-
sponding observations than any other; for which reason these ob-
servations cannot be too strongly recommended to residents in
mountainous countries. The geologist, nay even the surveyor, may
find his account in traversing his field, barometer in hand, on one of
these days, provided he have reason to presume that there exist
observers in its neighbourhood who take a part in these observa-
tions.

It is to be hoped that to scientific meteorologioal observers the
six-hourly observations may not be foundéo be impracticable through-
out the year; butin any case where it may be impossible to observe
regularly at 3 A.m., an effort should be made to include that hour on
the days of the new and full moon, and quadratures, or at least on
the days of the new and full moon ;—as it must be borne in mind,
that in what concerns the great meteorological questions on which
the most iuteresting features of the subject depend, the night is quite
as important as the day, and has been hitherto far too much neglected.

Whatever hours, however, may be sclected for the regular series
of observations, the greatest carc should be takeu not to insert in
the register anything deduced by interpolation from observations
made at other hours, or anything in short but what has been actu-
ally observed.

It is much to be wished that occasional observations may be made
under remarkable circumstances, such as during great rises or great
falls of the barometer, at the period of great storms, earthquakes,
&c.; but such observations should be registered apart.

The barometer should be placed in an apartment subject to as
little variation of temperature as possible, and in a goodlight; and
to facilitate night observations, an arrangement should be made for
placing behind it a light screened by a sheet of white paper, or other
diaphanous substance. Great care should beetaken to fix it in a
perpendicular position by the plumb-line. “Its height must be care-
fully ascertained above some permanent and easily-recoverable mark,
either in the building in which it is situated, or in some more per-
manent building, or rock, in its immediate vicinity ; and no pains
should be spared to ascertain the relation which such mark may bear
to the level of high and of low water at spring tides, and ultimately
to the mean level of the sea.

Changes in the adjustments of meteorological instruments should
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be most carefully avoidéd ; but whenever any alterations may be ab-
solutely necessary, they should be made with all deliberation, scru-
pulously noticed in the register, and the exact amount of the change
thence arising in the reading of the instrument under re-adjustment
ascertained. As far as possible, registers of meteorological observa-
tions should be complete; but if, by unavoidable circumstances of
gbsence, or from other causes, blanks occur, no attempts to fill them
up by gencral recollection, or by the apparent course of the numbcrs
before and after, should ever be made.

The observatories established by her Majesty’s Government are
furnished with two barometcrs cach, of Newman's construction—
the one a standard, and the other portable; and they are accom-
panied by accurate directions for fixing and observing them.

The standard instrument is of large dimensions, its tube being
of the diameter of 06 inch. It requires two adjustments: 1st, The
whole scale, which is of brass, is moveable, and terminates in an
ivory point, which is* carefully brought down to the surface of the
mercury in the cistern, and the two are known to be accurately in
contact when the actual point and its reflexion appear just to touch
one another. The scale is laid off from this point from an authentic
standard. v

2ud. The second adjustment is that of the vernier, in which the
upper part of the scale terminates, to the surface of the mercury
in the tube. For this, both the back and front edge arc made to
coincide, and brought down so as to form a tangent to the curve,
and just to exclude the light between them at the point of contact.
In makigg both these adjustments, it is desirable that the eyc should
be assisted by a magnifying glass. Before the observation is made
the instrumcnt should be slightly tapped, to free the mereury from
any adhesion to the glass; but any vidllat uscillation should be
avoided.

The portable barometer has only one adjustment, namely, that
of the vernier to the upper surface of the mercury in the tube,
which adjustment must be cffected with the same precaution as in
the casc of the standard instrument.

This first reading may be entered in the column prepared for it
in the register, and beside it the temperature of the mercury care-
fully read off from the thermometer which dips into the cistern.

In the onsc of the standard barometer the first measure is taken
immediately from the surface of the mercury in the cistern, and it
requires no correction for the different capacities of the tube and cis-
tern. Neither docd it require any correction for capillary action, as
the large diameter of the tube renders this correction inappreciable,

The portable barometer, however, requires corrections for both
these circumstances. For the purpose of the former, the neutral point
is marked upon cach instrument, or that particular height which, in
the construction of the instrument, has been actually measured from
the surface of the mercury in the cistern.

It is obvious that, in almost every case, the mercury will stand either
above or below the ncutral point : if above, a portion of the mercury
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must have left the cistern to enter the tube, afid consequently must
have lowered the surface in the cistern ; if below, a quantity of mere
cury must have left the tube, and, entering the cistern, raised the level
of the niercury in it.  For the correction of observations for this cir-
cumstance, the relation of the capacities of the tube and cistern have
been experimentally ascertained, and are marked upon the instru-
ment : thus, caprcily th, indicates that for every inch of elevation e
of the mercury in the tube, that in the cistern will be depressed one
50th of an inch. 'Thus, when the mercury in the tube is above the
neutral point, the difference between it and the neutral point is to be
divided by the capacity, and the quotient being added to the ob-
served height, the result will be the corrected height. Or if the
mereury at the time of observation should be below the neutral point,
the difference of the two is to be divided as before, and the quotient
to be subtracted from the observed height. Thus, suppose the ca-
pacity to be 3's5th, the ncutral point 30 inches, and the observed
height 30°500 inches, the difference is 05 inch, which divided by
50 gives 0001 inch to be added to the observed height, producing
3051, the corrected height; or if the obscrved height be 29 inches,
the difference, 1 inch, divided by 50, gives -02 inth to be sub-
tracted from the observed height, giving 28:980 inches for the cor-
rected height.

The second correction required is for the capillary action of the
tube, the effect of which is constantly to depress the mercury in the
tube by a certain (uantity inversely proportioned to the diameter of
the tube. In the instruments furnished to the fixed observatories
the amount has been experimentally determined during thsr con-
struction, and marked upon the instrument; the quantity is always
to be added to the height of the mercurial column. previously cor-
rected as hefore.  For the convenience of those who may have ba-
rometers, the capillary action of which has not been so determined,
a table of the corrections for tubes of different diameters is placed
in the Appendix, page 81.

The marine barometers furnished to the Antarctic Expedition dif-
fered in nothing from the other portable barometers but in the mode
of their suspension, and the necessary contraction of the tubes to
prevent oscillation from the motion of the ship, and require the
same corrections.

When these two corrections have beennade in the fin® reading
of the portable baromcter, it should agree with the direct ohserva-
tion of the standard barometer ; and it is very desirable that frequent
comparative observations should be made of the two instruments, in
order to ascertain whether there may be any permanent difference
between them. Should this be the case, the amount may be marked
upon the instrument, and allowed for as an index error, in order that,
if an accident should happen to one, the other may be substituted
for it without detriment to the regular series of observations.

1t is to be presumed that the portable barometer will frequently
be employed in ascertaining the altitude of remarkable points in the
vicinity of observatories.

The instruments furnished to the observatories established by her
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Majesty’s Governmert and the similar observatories in India have
been all independently graduated and compared with the standard
of the Royal Society ; and in all cases it is desirable that such a com-
parison should be made with some standard instrument of authority,
directly, or by means of a good portable barometer. In making such
comparisons, all that is necessary is to record five or ten simultane-
ous readings of both instruments, deliberately made, at intervals of a
few minutes from each other, after at least an hour’s quiet exposure,
side by side, that they may have the same temperature. If compared
by two observers, each should read off his own barometer in his usual
manner, then cach should verify the other's result. By this means
the zero of one standard may be transported over all the world, and
that of others compared with it ascertained. To do so, however, with
perfect effect requires the utmost care in the transport of the inter-
mediate barometer, and is by no means an operation either of trifling
import or of hurried or negligent performance : some of the greatest
questions in meteoiology depend on its due execution.

The next ‘correction, and in some respects the most important of
all, is that due to the tempcrature of the mercury in the barometer
tube at the tilme of observation. To obtain this every barometer
requires to have attacliel to it a thermometer, which in the instru-
ments furnished to the observatories dips into the mercury in the
cistern, and this must be rcad and registered at each observation of
the barometer. In the appendix pages 82, &c. will be found a table
calculated by Professor Schumacher, which gives for every degree of
the thermometer and cvery half inch of the barometer, the proper
quant®y to be added or subtracted for the reduction of the observed
height to the standard temperature of the mercury at 32° Fahr.

It must, however, e observed, that this whle is only calculated
for barometers whose scales are engraven upon a rod or plate of
brass reaching from the level of the mercury to the vernier. In
many barometers the scale is engraved upon a short plate of brass
fixed upon the wooden frame of the instrument, and the compound
expansion of the two substances can only be guessed at, but must
be obviously less than if the whole length had been of brass. Asa
near approximation for such imperfect instruments, another table has
been placed in the appendix page 88, in which the lesser expansion
of glass has been substituted for that of brass. No scientific ob-
server, Rowever, would Willingly use such an instrument.

Although all these corrections are necessary for the strict reduction
of registered observations, they ought not to be applied to individual
observations previously to registry. In the blank forms of register
furnished to the observatories, one sheet is devoted to uncorrected
observations, and a sccond to the corrected; and it is much to be
wished that the proper reductions should be made as soon after the
observations as possible.

2. THERMOMETERS.

Times of observation.—The external standard thermometer should
be observed and registered at the same times as the barometer, and
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all the register thermometers may be read off aththe time of the 9 a.m.
observation, and their indices re-adjusted. DBut as double maximg
frequently, and double minima occasionally, occur, in consequence of
sudden changes of temperature, both the thermometers should be
occasionally inspected with a view to ascertain whether the motion
of either the mercury or the spirit has been reversed in an unusual
manner; and such double maxima or minima should be recorded
apart as supernumerary, with the dates and leading features of the
case.

Each observatory was furnished with a standard mercurial ther-
mometer, which was carefully compared with an authentic standard,
to be deposited at the apartments of the Royal Society.

The spirit thermnometers have been constructed with every pos-
sible attention to accuracy. A fixed point of temperaturc has been
directly determined for each, at or about 0°, by means of a freezing
misture and comparison with a standard mercurial thermometer ;
and to render their indications accurate at still lbwer temperatures,
the tubes are frustra of inverted cones, the rate of redaction of
calibre being such as to compensate very nearly for the diminishing
rate of the contraction of alcohol as we descend in the scale of
temperaturc.  For example, a column of #ercury 5°10 inches long
at the top of the iustrument, changes to 540—548—546: the
rapid change of the calibre at the top of the tube corresponding to
the increased expansion of the spirits at the top of the scale. The
specific gravity of the spirit employed is 822.

In general, however, accuracy would be most satisfactorily in-
sured by selecting tubes of equal hores, and dividing theescales
‘nto equal degrees, which could be casily corrected, for the di-
minishing rate of the contraction of ulcohol, by referenee to proper *
tables.

It is recommended that all thermometers be carefully and fre-
quently compared with the standard, and their differences, at
onc or more temperatures (the wider asunder the better), marked
vpon their scales and applied as index errors.  This is particularly
necessary with the register thermometers, whose construction ren-
ders them most liable to such errors.

In placing the standard thermometer, an exposure should be
chosen perfectly shaded from the sun, where no reflected sun-
beams from water, buildings, rocks, or dty soil can reac® it, and
which is easily accessible for observation. It should be fized, not
merely Aung, upon a bracket projecting six inches from the wall, or
other support to which it may be attached, ang it hust be completely
sheltered from rain by ascreen, so that the bulb shall never be wetted.
In reading it, the observer should avoid touching, breathing on, or
in any way warming it by near approach of his person; and in night
observations particular care should be taken not to heat it by ap-
proximation of the light. The quicker the reading is done the better.

It is desirable that notice should be taken of all sudden and re-
markable changes of temperature, although such occasional observa-
tions must not be recorded in the regular series.
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The self-registering thermometers should be placed with the same
precautions as the standard, and so fastened as to allow of one end
being detached, and lifted up to allow of the indices within the
tubes sliding down to the ends of the fluid columns, which they will
readily do with the assistance of occasional tapping.

The self-registering thermometers are apt to get out of order by
the indices becoming entangled, or from the breaking of the column
of fluid. When this happens with the spirit thermomcter, it may
be rectified with case by jerking the index down to the junction of
the bulb and tube. The whole of the tube will at the same time
become wetted with the spirit; and by setting it on end with the
bulb downwards, the spirit will run together into onc continuous co-
lamn.

When the steel index of the mercurial thermomcter becomes im-
mersed in the mercury, it must be jerked in the opposite direction,
till it, with the mercury which may be above it, is projected into
the little bulb at the top of the tube. If this do not succeed, heat
must be applied to the mercury-bulb, and when the index is fairly
lodged in the air-bulb, by carefully warming the mercury-bulb with
a spirit Jamp naving a very small flame, the mercury inust he made
to expand till it rises tu the very top of the tube, and projects
convexly into the air-bulb. The tube nust then be placed up-
right, and, by tapping, the detached mercury will slip down beneath
the steel index, and will fairly unite with the convex projection
aforesaid. Now let the bulb cool, and the mercury will sink in one
united column, and leave the index free.

Besydes the regular series of observations of the temperature of
the air, there are other occasional observations to he made of tem-
perature under different circmmnstances, which might possess great
interest.

The surface temperature of the water of the sca or of rivers
may be conveniently obtained Dy taking up a bucket-full of water
and stirring round the thermometer in it.

The temperature of the water of deep wells may be ascertained
in the same way, and should be taken monthly, if near thc residence
of the observer. The temperature of rain should also be attended
to at times; it may be determined by receiving the rain in a linen
funnel, totally cuclosed iu a tin case to prevent cooling by evapora-
tion frofn the linen. .

The temperature of the soil at different depths is a point of con-
siderable importance. For this purpose excavations should be
made in a dry sheltered situation, 3, 6, and 9 feet deep, and lined
with brick or carthenware tubes.  In the hottom of these excavations
earthenware quart bottles may be carefully placed, filled with water,
spirit, or brine, and corked. They must be carefully covered with
tow or cotton, and drawn up on the days of horary observation *,
and their temperatures tuken by an accurate thermometer, and re-
gistered apart. )

As a general caution it may be mentioned, that the standard ther-

* See p. 38.
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e A
mometer should never be exposed to risk by application to such
purposes, but thermometers which have been compared and com
rected by comparison with it.

3. ACTINOMETERS.

Amongst the observations of highest importance must be ranked «
those of the force of solar and terrestrial radiation. The most per-
fect means of observing the former is afforded by the actinometer.

This instrument consists of a large hollow eylinder of glass, sol-
dered at one end to a thermometer-tube, terminated at the upper end
by a ball drawn out to a point, and broken off; so as to leave the end
open.  The other end of the eylinder is closed by a silver or silver-
plated cap, cemented on it, and furnished with a screw, also of silver,
passing through a collar of waxed leather, which is pressed into for-
cible contact with its thread, by a tightening-screw of large diameter
enclosing it, and working into the silver cap, and driven home by the
aid of'a strong stecl key or wrench, which accompanies the instrument.

The cylinder is filled with a deep blue liquid (ammonio-sulphate
of copper), which ought to have been prepared somc months be-
forehand, as it deposits a sediment whel fresh, however clear or
carcfully filtered. This sediment, if deposited in the interior of
the instrument, may be washed out with weak muriatic acid, which
should itself be removed by water before refilling the instrument,
and the ball at the top being purposely left full of air, and the
point closed with mclted wax, it becomes, in any given position
of the serew, a thermometer of great delicacy, capable of being
read ofl’ on a divided scale attached. The eylinder is enclosed in o
chamber blackened on three sides, and on the fourth, or face, de-
fended from currents of air by a thick glass, removeable at pleasure,

The action of the screw is to diminish or increase at pleasure the
capacity of the hollow of the eylinder, and thus to drive, if neeessary,
a portion of the liquid up into the ball, which acts as a reservoir, or,
if necessary, to draw back from the reservoir such a quantity as shall
Jjust fill it, leaving no bubble of air in the cylinder.

To use the instrument, examine first whether there be any air in
the cylinder, which is easily seen by holding it level, and tilting it,
when the air, if any, will be scen to run along it.  If there be any,
hold it upright in the left hand, and the a® will ascend to e root of
the thermometer-tube. Then, by alternately serewing and unscrew-
ing the screw with the right Land, as the case pay require, it will
always be practicable to drive the air out of the cylinder into the
ball, and suck down liquid, if any, from the ball, to supply its place,
till the air is entirely evacuated from the cylinder, and the latter, as
well as the whole stem of the thermometer-tube, is full of the liquid
in an unbroken column. Then, holding it horizontally, face up-
wards, slowly and cautiously unscrew the screw, till the liquid re-
treats to the zero of the scale.

The upper bulb is drawn out into a fine tube, which is stopped
with wax. When it is nceded to empty, cleanse, and refill the instru-
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ment, liquid must first be forced up into the ball, so as to compress
#he air in it. On warming the end, the wax will be forced out, and
the screw being then totally unscrewed, and the liquid poured out,
the interior of the instrumnent may be washed with water slightly
acidulated, and the tube, ball, &c. cleansed, in the same way, after
which the wax must be replaced, and the instrument refilled.

To make an observation with the actinomefer, the observer must
station himself in the sunshine, or in some sharply terminated sha-
dow, so that without inconvenience, or materially alicring his situ-
ation, or the exposure of the instrument in other respects, he can
hold it at pleasure, cither in fuil sun or total shadow. If placed in
the sun, he must provide himself with a screen of pasteboard or tin
plate, large enough to shade the whole of the lower part or chamber
of the instrument, which should be placed not less than two feet
from the instrument, and should be removeable in an instant of
time. The best station is a room with closed doors, hefore an open
window, or under an opening in the roof into which the sun shines
freely. Draughts of air should be prevented as much as possible.
If the observations be made out of doors, shelter from gusts of wind,
and freedom from all penumbral shadows, as of ropes, rigging,
branches, &c. should be sought. Generally, the more the ohserver
is at his ease, with his watch and writing-table beside him, the better.
He should have a watch or chronometer beating at least twice in a
second, and provided with a sccond hand; also a pencil and
paper ruled, according to the form subjoined, for registering the ob-
servations. Let him then grasp the instrument in his left hand, or
if he Fave a proper stand (which is preferable on shore or in a
building *), otherwise firmly support it, so as to expose its face per-
pendicularly to the direct rays of the sun, as exactly as may be.

The liquid, as soon as exposed. will mount rapidly in the stem.
1t should be allowed to do so for three or tour wminutes hefore the
observation begins, taking care. however, not to let it mount into
the bulb, by a proper use of the serew. At the same time the ube
should be carefully cleared (by the same action) of all small broken
portions of liquid remaining in it, which should all be drawn down
into the bulb. When all is ready for observation, draw the liquid
down to zero of its scale, gently aud steadily ; place it on its stand,
with its screen before it, and proceed as follows.

Having previously ascertained how many times (suppose 20) the
watch beats in five seconds, let the screen be withdrawn at ten seconds
before a completr minute shown by the watch, suppose at 2b 14®
50°% Trom 50° to 55% say 0, 0, 0, . . . . at each beat of the watch,
looking meanwhile that all is right. At 55% complete, count 0, 1, 2,
.« + . up to 20 heats, or to the whole minute, 2" 15™ 0%, kecping the
eye not on the watch, but on the end of the rising column of liquid.
At the 20th beat read off, and register the reading (12°0), as in co-

* This may consist of two deal hoards, 18 inches long, connected by a hinge,
and kept at any required angle hy au iron, pointed at each end. The upper should
have a little rabbet or moulding fitting loosely round the actinometer, to prevent
its slipping off.
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lumn 3, A, of the annexed form. Then wait,'watching the column
of air above the liquid, to see that no blebs of liquid are in it, or at
the opening of the upper bulb (which will cause the movement of
the ascending column to be performed by starts), till the minute is
nearly elapsed. At the 50th second begin to watch the liquid rising ;
at 55° begin to count 0, 1, 2, up to 20 beats, as before, attentively
watching the risc of the liquid; and at the 20th beat, or complete
minute (2" 16™ 0°) read off, and instantly shade the instrument, or
withdraw it just out of the sun and penumbra. Then register the
reading off (45°3) in column 8, B, and prepare for the shade obser-
vation. All this may be done without harry in 20 seconds, with time
also to withdraw the screw if the end of the column be inconveniently
high in the scale, which is often required. At the 20th second pre-
pare to observe ; at the 25th begin to count beats, 0,1, 2, ... . 20;
and at the 20th beat, i. e. at 2" [6™ 305, read off, and enter the read-
ing in colummn 3, A, as the initial shade reading (45°2). Then wait
as before till nearly a minute has elapsed, and at 2® 17™ 20¢ again
prepare. At 17™ 25% begin to count beats 5 at 17™ 30 read off, and
enter this terminal shade reading (42%8) in column 3, B, and if
needed, withdraw the zero. *

Again wait 204 in which interval ther® is time for the entry,
&e. At 17 50% remove the sereen, or expose the instrument in
the sun; at 55° begin to count beats; and at the complete minute,
18™ 0%, read oft (14°8), and so on for several alternations, #uking
care to begin and end cach series with « sun observation. 1f the in-
strumient he held in the hand, care should be taken not to change
the inclination of its axis to the horizon between the readingsf or the
compressibility of the liguid by its own weight will producc a very,
appreciable amount of error.

Li the annexed form column 1. contains the times, initial and ter-
minal of each sun and shade observaton.  Colum: 2, expresses by

1. 2, | 3. c 415 6.
Date and times of ob- | © | ' l
servation. EX . |
Felthausen, 1837, | .o | Readingsofthe Change! Radia-
Oct. 30, g’g Instrument. 'mg;xc\:te l:)rl'l’s i:f Remarks.
T g_g '—;’ .—-- B A |Mseale.
Tnitial, |%Terminal. | & lniﬁal.%Tcrminal. . .
hms|ms .
215 0|16 0 | O |+ 12-0& + 483 |4 318 {T':ﬁ;,“:‘,:;:;{ﬁ';,?‘:‘,',g:ggg;
16301 1730 | x 452, 428 |- 2-4) 3475 alle from the meridian,
18 0/ 190 | ©| 48 482 4334 3540 |Lero withdrawn,
19 30| 2030 | x 2S'Oi 268 [— 14| 3485
200/ 32 0|Q| 04 494335 U7
g? 38 gg Jg 6 4g.g\ 3".; _-': 31; 34+ {Goneml mean per formula = 3473
“ * ¢ A «se=seoeel{ " forgh 20 0° of apparent time.

an appropriate mark, © and x, the exposure, whether in sun or
shade. Column 3. contains the readings, initial and terminal (A
and B). Column 4. gives the values of B — A, with its algebraical
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sign expressing the rise and fall per minute. And here it may be
observed, that if by forgetfulness the exact minute be passed, the
reading off may be made at the next 10, and in that case the entry
in column 4 must be not the whole amount of B — A, but only $ths
of that amount, so as to reduce it te an interval of 60 precise. Co-
lumn 5. contains the radiations as derived from successive triplets,
O X0 X O X, ©X O, &c. by the formula presently to be
stated ; and in column 6. are entered remarks, such as the state of
the sky, wind, &c.; as also (when taken) the sun’s altitude, baro-
meter, thermometer, and other readings, &c.

The formula of reduction is as follows. Let ®. x. & x'
®", x'", &e. represent the numbers in colummn 4, with their signs
in order, as they stand, or the alies of B— A, Then will the
numbers in column 5 be respectively,

+ Q—i‘;_'-—' x

) 5_..';_2(_’ + O
+‘®Lj%,@_'_'_ !
x 2y o,

and sqon, the algebraic signs being carefully attended to,  Thus

818 + 834

sa75 = + SO F T gy
3500 = + i*_.“*,;_'_.' o e

The mean of a series not excecding three or four triplets may be
had by the formula

O+ 0O + O+ & x + x!+&e
7" n—1 ’

where # is the number dF sun observations, the time corresponding
being the middle of the middle shade observation.

A comiplete actinometer obscervation cunnot consist of less than
three sun and two shade observations interinediate ; but the more
there are taken the better, and in a very clear sunny day it is highly
desirable to continue the alternate observations for a long time, even
from sunrise 1o sunset, so as to deduce by a graphical projection the
law of diurnal increase and diminution of the solar radiation, which
will thus readily become apparent, provided the perfect elearness of
the sky continue,—an indispensable condition in these observations,
the slightest cloud or haze aver the sun being at onee marked by a
diminution of resulting radiation.



65

To deteet such haze or cirrus, a brown glass applied before the
eye is useful, aud by the help of such a glass it may here be noticed.
that solar halos are very frequently to be seen when the glare of
light is such as to allow nothing of the sort to be perceived by the
unguarded eye. :

It is, as obscrved, essential that the instrument be exposed a few
minutes to the sun, to raise its temperature in some slight degree.
It this be not done, owing to some cause not very obvious, the first
wriplet of observations (sun, shade, sun) will give a radiation percep-
tibly in defect of the truth, as will become distinctly apparent on
continuing the series.  But it may be as well for a beginner to com-
menee at onee reading as soon as the instrument is exposed, and re-
jeet the first two triplets, by wlich he will see whether he has all
his apparatus conveniently arranged, and get settled at his post.

When a servies is long continued in a good sun, the instrument
grows very hot, and the rise of che liquid in the sun observation de-
creases, while the fall in the shade increases ; nay, towards sunset it
will fall cven in the sun. This phenomenon (which is at first
startling, and sceming to impeach the firlclity of the instrument) is,
in fact, perfoetly in order, and produces absolutely no irregularity in
the resulting march of the radiation.  Only it is nccessary in casting
up the result (in col. 5.) to attend carefully to the algebraic signs
of the ditfercnces in colamn 4, as in the following example (which,
as well as that above given. is one of actual occurrence).

1. 2. 3. 4+ 5. 6.,
o
Date and u;nos ofob |
servation,
Wynberg, Nov, 21, | Exposure,| Rcadings ofthe |Change| Radia.
1837, | sunor Instrumnent. per | tionin Remarks.
shade, [ n;;mutc. pnrt,s of
! : - A., scale.
4 . boAL B, }
Inita! !'l‘urnunal ! l'hnnal. Terminal. ;
- e e} | |
hom » N |
IR I [ PN AR . jereesesss Alt. of ®@ =70 19/,
G Gy 10 0 o g 90 4 97 ¥ -
10 30! 11 30 . * ' 2340, 10-8 -2 1125
12 00 1B 0 o | 3 Bl 6| 025
13 80 1 30 ¢ % ’ 285 17:0 |— 115} 820 !Cirrus haze co-
1ol o0 O 120 B0 |- 40) nung o,
619 \5\ PO R ‘... ..... Jevverennns .....!.........(Au_(,f;_=4°37/.

Every series of actinometer observations should he accompanied
with notices in the column of remarks of the state of the wind and
sky gencrally, the approach of any cloud (as seen in the coloured
glass) near to the sun; the barometer and thermometers, dry and
wet, should especially be read off more than once during the series,
il a long one, and, if kept up during several hours, hourly. The
times should be correct to the nearcst minute, at least as serving to
calculate the sun’s altitude; but if this be taken (to the nearcst
minute or two) with a pocket sextant, or even by a style and shadow,
frequently (at intervals of an hour or less) when the sun is rising or

F
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setting, it will add much to the immediate interest of the observa-
tions. When the sun is near the horizon, its reflection from the sca,
or any neighbouring water, must be prevented from striking on the
instrument ; and similarly of snow in cold regions, or on great ele-
vations in alpine countries.

Every actinometer should be provided with a spare glass, and all
the glasses should be marked with a diamond ; and it should always
be noted at the head of the column of remarks ; which glass is used,
as the co-efficient of reduction from the parts of the scale (which are
arbitrary) to parts of the unitof radiation varies with the glass used.

In the case of the actinometers sent out with the Expedition and
to the fixed observatories, it was not practicable to ascertain these
co-eflicients for each instrument and cach glass, owing to the total
absence of any favourable opportunity of sunshine. The values of
the parts of the respective scales of the instruments, as determined
?pl;l)roximatively by careful measurement of the dimensions, were as

ollows :—

| T Multiplier for re-
Marks of the Actinometers. ducing parts ob- | , .
' served to parts of pproximate va-
a standard retain- :lcl:l:g:l:: l:j;'et:t
2 " ctines,
Maker’s Mark, | Private Mark. :?ar']:‘eé’of'i‘:“w"’
1 K 1:4909 7-085
L2 L 1-3726 6523
3 M 1:4020 6663
A4 N 16550 7'864
A5 (0] 14403 6844
6 r 10608 i 5011

The dimensions of the instruments which are used in these re-
ductions are,

1st. The external diameter of the cylinder containing the co-
loured liquid, i. e. its mean diameter, if on measurement with fine
callipers its two ends be found to differ.

2nd. The length of thal portion of it which receives the sunbeam.

The product of these two data gives the area of the section of
the sunbeam effective in raising the temperature, and which, though
not all equally effective, by rcason of the cylindrical form of the
glass, is yet effective in the same ratio in all of them by reason of
their general similarity of figure.

3rd. The content (in water grains) of 100 parts in length of
the capillary tube used for the scale. This may best be determined
by gauging it with mercury before it is soldered to the cylinder, and
ought always to be so determined by the maker; but when fitted,
this is impracticable, and the measurement of the element in ques-
tion must be performed as follows :—
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The instrument being placed horizontally, and allowed to attain
the precise temperature of the apartment, let the liquid be brought:
to zero by the motion of the screw ; after which let the screw be
turned precisely one revolution, or half revolution (as the scale may
require) iz, and note the rise of the liquid in parts of the scale.
This must be done several times, alternately screwing iz and out.
The screw must then be taken cut; its threads counted, and the
weight of water displaced from a narrow vessel exactly-full, by the
immersion of the whole length occupied by the thread exactly
ascertained by a nice balance; after which a very simple calcula-
tion will give the value of the parts of the scale in water grains
required ; this process was followed in the case of the instruments
above mentioned, and if carefully conducted is susceptible of great
precision.

The glasses as well as the cylinders and capillary stems of the in-
struments, if accidentally broken, should have thejr fragiments care-
fully preserved and labelled.

The unit of solar radiation to be adopted in the ultimate reduc-
tion of the actinometric observations is the actine, by which is under-
stood that intensity of solar radiation, whiclg at a vertical incidence,
and supposing it wholly absorbed, would sufficc to melt one mil-
lionth part of a metre in thickness, from the surface of a sheet of ice
horizontally exposed to its action per minute of mean solar time;
but it will be well to reserve the reduction of the radiations as ex-
pressed in parts of the scale to their values in terms of their unit
until the final discussion of the observations.

Meanwhile, no opportunities should be lost of comparing tog&ther
the indications of different actinometers under similar and favourable
circumstances, 8o a8 to establish a correspondence of scales, which
in casc of accident happening to one of the instruments, will pre-
serve its registered observations from loss.

The comparison of two actinometers may be executed by one ob-
server using alternately each of the two instruments, thus,

Instrument A. | Instrument B. A. Etec.

[O NP (O N (O
Xevieenne b S Xieoao e.. L4
(O O.... (O AN

beginning and ending with the same; though it*would be more con-
veniently done by two observers observing simultaneously at the
same place, and each registering his own instrument. An hour or
two thus devoted to comparisons in a calm clear day, and under easy
circumstances, will in all cases be extremely well bestowed.

Neither should each observer neglect to determine for himself the
heat stopped by each of his glasses. This may be done also by al-
ternating triplets of observation made with the glass on and off, thus,

F 2
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. Glass off. Glasson. |  Glass off. : Etc. i
| |
Orenenn Oeeennnn N o I
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(O J (O J (O JI j |

beginning and ending with the glass off, and (as in all cases) begin-
ing and ending each #riplet with a sun observation. Tor the pur-
pose now in question a very calm day must be chosen, and a great
many triplets must be taken in succession. It will be found that a
single thickness of the ordinary blueish or greenish plate glass stops
about 020 (= $) of the incident calorific rays; a second glass
about 0r16 (or a materially less proportion) of those which have
escaped the action of the first. No two glasses, however, are pre-
cisely alike in this.respect.

Very interesting observations may be made by two observers fur-
nished with well-compared actinometers, the one stationed at the sum-
mit, the other at the foot of some great elevation, especially if' the
stations can be so selected that the observers shall be nearly in the
line of the incident sunbeam at the time of observation, so as both
to lie in the atmospheric column traversed by the rays. Many con-
venient stations of this kind might be found in mountainous coun-
tries; and by repeating the observation two or three times under fa-
vourable circumstances, interchanging observers and instruments,
&c., and accompanying the observations with all circumstantial and
local elements of precision, there is no doubt that the co-efficient of
extinction of solar heat in traversing at least the lower strata of our
atmosphere might be obtained with much exactness, and thus a highly
valuable datum securcd to science.  The observers would, of course,
agree to make thLeir observations strictly simultaneous, and should,
therefore, comparc watches before parting.

The actinometer is also well calculated for measuring the defalea-
tion of heat during any considerable eclipse of the sun, and the Com-
mittee would point out this as an object worthy of attention; as
many eclipses invisible or insignificant in one locality, are great,
or even total in others. The observations should commence an
hour at least before the eclipse begins, and be continued an hour
beyond its termination, and the series should be uninterrupted,
leaving to others to watch the phases of the eclipse. The atmos.
pheric circumstances should be most carefully noted during the
whole series. .

Though out of the question in the circumstances immediately un-
der contemplation, it may not be amiss to remind aeronauts, that
observations of the actinometer may, no doubt, be made with con-
siderable ease and precision in the car of a balloon, and if accom-
panied with good barometric and hygrometric simultaneous obser-
vations aloft and below, as well as with a careful and copious re-
gistery of the temperatures of the air corresponding to each succes-
sive step of depression in the barometric column, would in every
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point of view be most precious, especially as’respects the intricate
problem of astronomical refractions for the solution of which such
a series of data could not fail to be most valuable, thus adding one
to the many useful subjects of inquiry in those hitherto almost use-
less adventures. For the purpose of securing a steadily progressive
ascent, it would be desirable that the ballast should be discharged
continuously and not in large quantities at a time.

4. RADIATING THERMOMETERS.

As the actinometer can only be observed at intervals in per-
fectly clear wcather, additional information with regard to solar
radiation, of much interest, though not of so precise a nature, may
be obtained, by the daily register of the maximum temperature of a
register thermometer, with a hlackened bulb exposed to the full ac-
tion of the sun's rays. It may be placed about an inch above the
bare soil, and screened from currents of air. The maximum tem-
perature indicate by such a thermometer, even in cloudy weather,
will generally be considerably above that of the air, and the maxima
and mean daily maxima of its indications will, aftcr a long serics
of observations, afford data of the utmost value to the history of
climates. The bulb of the thermometer should be about halt an
inch in diamcter, and it may be uniformly blackened with lamp-
black and varnish. The graduation should be made upon the glass
stem, to prevent any inconvenicnce from the expansion and warping
of the scale.

The measure of terrestrial radiation is of no less importance to the
science of meteorology than that of solar radiation, but noerfect
instrument has yet been contrived for its determination. Very vag
luable information, however, may be derived from the daily register
of the minimum temperature of a register spirit-thermometer, the
bulb of which is placed in the focus of a parabolic metallic mirror,
turned towards the clear aspect of the sky, and screened from cur-
rents. The mirrors furnished to the observatories arc of silver-
plated copper, but planished tin-plate or zinc might be substituted
without detriment. They are 6 inches diameter and 2 inches deep,
and the thcrmometers which are graduated upon the stems pass
through sockets in their sides, in which they may be accuratcly ad-
justed by corks. Their bulbs do not exceed half an inch in diameter.

Even in the daytime a thermometer so placed, and turned towards
the clear sky, but away from the rays of the sun, will fall several de-
grees below the temperature of the surrounding gir.

5. HYGROMETERS.

Times of observation.—Observations of the dew-point hygrometer
are as desirable at the regular hours as those of the other meteoro-
logical instruments; but, as more difficulty attends the observation, it
is more liable to omission, and it is of great importance that when
one experiment only can be made, the most advantageous hour should
be selected for the purpose. Now it is probable that the minimum
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temperature of the air in the 24 hours may correspond with the
minimum temperature of the dew-point; and for the attainment of
& mean result, the time of the highest dew-point should be selected,
which would not differ much from 3 r.m., at which hour the obser-
vation should on no account be omitted. The hygrometer should
also be observed, if possible, at 9 A.M. and 9 p.M., but the minimum
temperature might probably be substituted for the $ A.M. observa-
tion without any material error.

At the magnetical observatories the dew-point will be observed
at the nearest magnetical hours to the meteorological hours above
fixed on (3 and 9 A.M. and p.M.).

Occasional observations of the dew-point under peculiar circum-
stances, as for instance in the inhabited apartments of houses or be-
tween the decks of the ships when laid up in their winter quarters in
the polar regions, could not but afford information of high practical
importance.

* All the ether of the dew-point hygrometer should be driven by
the warmth of the hand from the covered ball into the uncovered,
previously to an observation, and the ether should be dropped from
a dropping-bottle very slowly upon the former. The temperature of
the interior thermometer ~hould be carefully noted upon the first ap-
pearance of the ring of dew upon the black bulb, and also its tem-
perature upon its disappearauce: the mean of the two obscrvations,
should they differ, may be entered as the dew-point, together with
the temperature of the air by the exterior thermometer.

The wet-bulb hygrometer cun be obscrved without difficulty, by
mere ipspection, and the observation should nvever be neglected at
the rcZular hours. It is probable that the temperature of evapora-
tion thus ascertained may afford the means of accurately determining
the dew-point, and of solviug all the points of hygrometry; but until
all the necessary corrections shall have bee agreed upon, one of the
most essential requisites must be its frequent and accurate compa-
rison with the dew-point, directly ascertained.

The instruments supplied to the observatories are fitted with water-
holders for keeping the bulb of the thermometer moist; but it
should be observed, that the floss-silk, after being some time in use,
has its faculty of conducting moisture greatly diminished, if not
destroyed, and therefore requires to be renewed from time to time.
When proper time can be afforded to allow the thermometer to
take up its stationary temperature, it is, perhaps, best to moisten the
ball for each obscrvation. By urging upon the wet bulb a jet of air
from a small double-bellows, the maximum depression may be ob-

tained in a few seconds. In fact, the formula £/ = _%- X ?5%—
investigated by Dr. Apjohn, was tested under these circumstances,
and he is of opinion that there will always be a small difference be-
tween the depression occurring in air at rest, and sweeping by the
thermometer in a rapid current.

In this formula, f" is the tension of steam at the dew-point ; £
its tension at the temperature of the hygrometer; d the depres-
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sion, or difference between the hygrometer &nd the air; 88 a co-
efficient depending upon the ‘specific heat of air and the caloric of
elasticity of its included vapour; p the existing and 30 the mean
pressure of the air.

The hygrometers should be placed in the observatory, near to the
staadard thermometer, with which they should be frequently com-

pared.
6. VANES, ANEMOMETERS, AND RalN GAUGES.

The magnetic observatories and the Antarctic Expedition have
been furnished with Osler’s self-registering anemometer and rain-
gauge.

In this instrument the direction of the wind is obtained by means
of the vane attached to the rod, or rather tube, that carries it, and
consequently causes the latter to move with itself. At the lower ex-
tremity of this tube is a small pinion working irea rack, which slides
backwards and forwards, as the wind moves the vane; and to this
rack a pencil is attached, which marks the direction of the wind on
a paper ruled with the cardinal points, and so adjusted as to progress
at the rate of 1 inch per hour, by means of a clock ; the force is at
the same time ascertained by a plate 1 foot square, placed at right
angles to the vane, supported by two light bars running on friction-
rollers,and communicating with three spiral springs in such a way that
the plate cannot be affected by the wind's pressure without instantly
acting on the springs, and conununicating the quantum of its action
by a wire passing down the centre of the tube, to another, pencil
below, which thus registers its degree- of force. The rain\is re-
gistered at the same time by its weight acting on a balance, whicl
moves in proportion to the quantity falling, and has also a pencil at-
tached to it, recording the results. The receiver is so arranged as
to discharge cvery half inch that falls, when the pencil again starts
at zero.

It is probable that the results obtained with this instrument would
require correction for the varying effects of the eddy, which must
be formed behind the board before they can be considered as exact
measures of the pressure ; and the effects of variations of temperature
upon the force of the springs should be experimentally ascertained,
particularly in very cold climates. This datter point may he deter-
mined by measuring the compression dircctly by the application of
known weights.

Another sclf-registering anemometer has recently been construeted
by Professor Whewell, which exhibits upon a diagramn not only the
direction and force, but the dircetion and integral effect of the wind,
but which is more complex in its construction, and practically more
liable to derangement. )

In it a small set of windmill vanes, something like the ventilators
of windows, are presented to the wind by a common vane, in what-
ever direction it may blow. The current, as it passes, sets these
vanes in rapid motion, and a train of wheels and pinions reduces the
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motion, which is therte communicated to a pencil traversing verti-
cally, and pressing against an upright cylinder, which forms the sup-
port of the instrument: 1000 revolutions of the fly only cause the
pencil to descend Jyth of an inch. The surface of the cylinder is
covered with white paper, and the pencil, as the wane wavers, keeps
tracing a thick irregular line, like the shadings on the coast of a
map. The middle of the line may be easily traced, and it gives the
mean direction of the wind, while the length of the linc is propor-
tional to the velocity of the wind and the length of time during
which it blows in each direction.

Those who do not possess a register-anemonieter may make usc
of the common vane and Lind’s wind-gauge. The position of the -
former should be clear of all deflections and eddies from objects of
the same or a higher level, and of course its position with regard to
the true north should be clearly determined. In registering the di-
rection of the wind it may be sufficient to use only 16 points of the
compass. '

Lind’s wind-gange for measuring the force or momentum of the
wind is adjusted for use by filling it with water till the liquid in
both legs of the siphon corresponds with the 0° of the scale. Itis
to be held perpendicularly, with the mouth of the kneed tube turned
towards the wind, and the amount of the depression in one leg, and
that of its elevation in the other, are to be carefully noted. The sum
of the two is the height of a column of water which the wind is ca-
pable of sustaining at the time, and cvery body that is opposed to
that wind will be pressed upon by a force cquivalent to the weight
of a cqglumn of water, having its base equal to the surface that is
opposgd, and its height equal to the altitude of the column of water
sustained by the wind in the wind-gauge.

The height of this column being given, the force of the wind on
a foot scuare is casily found by a table winch will be given in the
Appendix.

The observation of the gauge should always be made at the same
point of a free space, and in gusty weather the maximum of the os-
cillation recorded. The most proper periods will be those of the
other regular observations; but in great storms, or under other par-
ticular circumstances, occasional observations should be made, and
registered apart.

Even in observatories which are provided with Osler’s apparatus
it is desirable that an accurate comparison should be made of the
two anemometers. ‘

The points most important to remark respecting the wind are,

1st. Its average intensity and general direction during the several
portions of the day devoted to observation.

2ndly. The hours of the day or night when it commences to blow
from a calm, or subsides into one from a breeze.

3rdly. The hours at which any remarkable changes of its direc-
tion take place.

4thly. The course which it takes in veering, and the quarter in
which it ultimately settles.
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5thly. The usual course of periodical winds?or such as remark-
ably prevail during certain seasons, with the law of their diurnal
progress, both as to direction and intensity ; at what hours, and by
what degrees they commence, attain their maximum, and subside ;
and through what points of the compass they run in so.doing.

6thly. The existence of crossing currents at different heights in
the atmosphere, as indicated by the courses of the clouds in different
strata.

7thly. The times of setting-in of remarkably hot or cold winds,
the quarters from which they come, and their courses, as connected
with the progressive changes in their temperature.

8thly. The connexion of rainy, cloudy or fair weather, with the
quarter from which the wind blows, or has blown for some time pre-
viously.

TheyRain-gauge may be of very simple construction. A cubical
hox of strong tin or zine, exactly 10 inches by the side, open above,
receives at an inch below its edge a funnel, sloping to a small hole
in the centre. On one of the lateral edges of the box, close to the
top of the cavity, is soldered a short pipe, in which a cork is fitted.
The whole should be well painted. The water which enters this
gauge is poured through the short tube iréo a cylindrical glass ves-
sel, graduated to cubic inches and fifths of cubic inches. Hence
one inch depth of rain in the gauge will be measured by 100 inches
of the graduated vessel, and tvioth inch of rain may be very easily
read off.

It is very much to be desired that, being of such easy construc-
tion, more than one of these gauges should be erected, or af least
one placed with its edge nearly level with the ground, and aNpther
upon the top of the highest building, rock, or tree in the immediates
icinity of the place of observation, the height of which must he
carefully determined ; it having been satisfactorily ascertained that
the height of the gauge above the ground is a very material element
in the quantity of rain which enters it. The quantity of water should
be daily measured and registered at 9 A.m.

7. CLouns AND METEORS.

Many very highly-interesting observations may be made, without
the aid of instruments, upon the clouds., In describing them Mr.
Howard’s nomenclature may be adopted with great advantage. By
means of the clouds different simultaneous currents of wind may
often be detected, the different directions of which should be care-
fully ascertained by referring their motions to some fixed object.
Their gradual evaporation or precipitation should also be carefully
noted, and particularly their regular disappearance at night, or their
more irregular and sudden formation.

Rainbows, parhelia, haloes, &c., will of course be noted amongst
the occasional remarks of the register; and an attempt should be
made to express approximatively by numbers, the proportion which
the overcast portion of the sky may bear to the clear space. For
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this the hemisphere énay be supposed to be divided into eight sec-
tions, and the cloudy portion may be expressed by the fraction ith
or §ths, &e.

8. ELECTROMETERS.

The Committee are fully impressed with the high importance of
regular observations on the electrical state of the atmosphere ; but
they are not prepared to suggest any means of effecting this desirable
object, which will at all correspond with the. present advanced state
of electrical physics. At no distant period they hope to see supplied
a defect which is certainly a reproach to science. In the meantime
much valuable information might he acquired by observations of an
electroscope, on one of the ordinary constructions connected with a
lofty insulated wire.

In erecting such a wire, proper precautions should be taken against
accidents by preparing a sufficient conductor in its immediate vici-
nity, by which a communication could be at once opened with the
ground in case of any sudden and dangerous accumulation of the
electric fluid.

Abs a temporary contrivance, a common jointed fishing-rod, having
a glass stick well varnishe.l with shell lac, substituted for its smallest
joint, may be projected into the atmosphere. To the end of the
glass must be fixed a metallic wire terminating in a point, and con-
nected with an electroscope by means of a fine copper wire. If the
wire be made to terminate in a spiral'wrapped round a picee of cotton
dipped in spirits of wine and inflamed, its power of collecting elec-
tricity will be sometimes doubled, but great precautions are neces-
sary dhen this mode is employed. When the electroscope has been

“charged, the nature of the electricity may be tested in the usnal way
by excited glass or seuling wax.

The principal ciectroscopes which are capable of being employed
to ascertain the electrical state of the atmosphere, or rather to com-
pare its state at any given elevation with the state of the medium in
contact with the instrument, are the following.

1. De Saussure’s Electrometer, which consists of two fine wires,
each terminated by a small pith ball, and adapted to a small metal rod
fixed in the upper part of a square glass cover, upon one of the faces
of which a divided scale is marked, in order to measure the angles
of devizt<on of the two balls,

2. Volta’s Electrometer, formed of two straws about 2 inches long
and th of a line broad, suspended fromn two small very moveable
rings adapted to a metal rod : to measure the deviation of the straws
a telescope with a nonius is employed.

3. Singer’s Electrometer, consisting of two slips of gold leaf sus-
pended from the rod.

4. Bobnenberger's Electroscope, formed of a single strip of gold
leaf suspended from the conducting rod between two dry piles, the
negative pole of onc and the positive pole of the other being upper-
most: this arrangement has the advantage of indicating the kind of
electricity communicated to the conductor.
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The observations made with these and simNar instruments have
demonstrated that in serene weather the electricity of the atmosphere
isalways positive with regard to that of the carth, and that it be-
comes more and more positive in proportion to its elevation above
the earth’s surface; so that if an observer be on a mountain or in a
ballvon, if his conductor be directed downwards to reach an inferior
stratum of air, his electroscope will indicate negative electricity ; and
if it be sent upwards into a superior stratum, positive electricity will
be manifested. Various means have been resorted to in these ex-
periments, such as connecting one of the extremities of the conduct-
ing wire to a kite, a small balloon, or the head of an arrow, the
other extremity remaining attached to the clectroscope.

It has been ascertained by the observations of De Saussure, Schub-
ler, Arago and others, that the positive clectricity of the atmosphere
is subject to diurnal variations of intensity, there being two maxima
and two minima during the twenty-four hours. The first minimum
takes place a little before the rising of the sun p as it rises, the in-
tensity, at first gradually and then rapidly, increasces, and arrives at
its first maximum a few hours after.  This excess diminishes at first
rapidly and afterwards slowly, and arrives at its minimsum some hours
before sunset; it re-ascends when the sumw approaches the horizon,
and attains its second maximum a few hours after, then dimminishes
till sunrise, and proceeds in the order already indicated. The in-
tensity of the free electricity of the atmosphere has also been found
to undergo annual changes, increasing from the month of July to
the month of November inclusive, so that the greatest intensity
occurs in winter, and the least in summer.

In cloudy weather the free electricity of the atmosphere \ still
positive. During storms, or when it rains or snows, the electricitye
is someiimes positive and sometimes negative, and its intensity is
always much more considerable than in screne weather. The elec-
troscope will, during the continuance of a storm, frequently indicate
several changes, from positive to negative.

The above is a short summary of almost all that is known respecting
the laws of atmospherie electricity. It will be highly important to
obtain a series of observations equal in accuracy to thosec made b
Schubler at Frankfort in 1811 and 1812, simultancously with the
observations of the hygrometer, barometer, thermometer, &c¢. Com-
bined observations at a number of differewt stations canncs fail to
give us important information respccting the distribution of the free
clectricity in the atmosphere, and the extent and nature of the dis-
turbances to which it is subject; but to render tht results valuable
it will be necessary to have instruments comparable with each other,
and this may be a diflicult matter to effect*,

Very recently a new method of investigating the electric state of
the atmosphere has been proposed, likely to lead hereafter to very
certain and valuable results; but it has not been sufficiently put in

* For a fuller account of what is known respecting atmospheric electricity, and
the mode of conducting the observations, see Becquerel's Traité de I Electricite,
t. iv. pp. 78—125.
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practice to enable th Committee to recommend, at the present mo-
ment, the best form of instrument for making simultaneous and com-
parable ohservations, or the proper precautions to guide the observer
in manipulating it.

For the principle of this instrument we are indebted to Mr. Col-
ladon of Geneva. He found, that if the two ends of the wire of a
galvanic multiplier, consisting of very numcrous coils well insulated
from each other, were brought in contact, one with a body positively,
and the other with a body negativcly charged, a current of electricity
passes through the wire, until equilibrinm is restored ; the energy and
direction of this current is indicated by the deviation of the ncedle
from the zero-point of the scale.  This instrument is applied to the
purpose of ascertaining and measuring tne atmospheric clectricity,
by communicating one end of the wire with the earth, and allowing
the other to extend into the region of the atmosphere, the clectrical
state of which is intended to be compared.

Thunder stormsy of course, should be attended to ; but it is of con-
sequence also to motice distant lightning not accompanied with
thunder audible at the place of observation, especially if it take place
many days inesuccession, and to note the quarter of the horizon
where it appears, and tle extent wuich it embraces. In an actual
thunder storm, especial notice should be taken of the quantity of rain
which falls, and of the fits or intermittences of its fall, as correspond-
ing, or not, to great bursts of lightning, as also of the direction of
the wind, and the apparent progress of the storm with or against it*.

\ 9. REGISTERS.
TW¥e Register proposed by the Committee is comprised in two
~gkcleton forms, which have becn supplied to the magnetical obser-

vateries and to the Antarctic Expedition.  This, it will be observed,
applies to the met.orological forms about to be specified, independ-
ent of the more extensive and general forms for the registry of the
magnetic observations, with their accompanying metcorological en-
tries, with which the magnetical observatories will be supplied.

They are each calculaed for one month’s observation.  7The first
Jform is for the insertion of observations as they are made in their
uncorrceted state. It consists of 12 pi...cipal divisions, and is ruled
across for 31 days, and for the arithmetical convenience of casting
up thesums and means of the quantities inserted. At the bottom
of the sheet there is also a space provided for the hourly observations
of the baromcter and thermometers on the twenty-first day of the
month, which wili be more particularly described after the explana-
tion of the principal divisions.

The outside compartments, both on theleft and right of the sheet,
are for the date of the month and the phases of the moon.

The second compartment is for the height of the barometer, and
the temperature of the mercury for the four regular periods of ob-
servation.

* On these subjects the Committee especially recommend the attentive perusal
of Arago’s Notice sur le Tonnerre.
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The third compartment is appropriated to the dew-point hygro-
meter, and coutains also four columns for the four daily observations,
each of which is subdivided into thrce; for the temperature of the
air, the dew-point, and the difference between the two.

The fo rth compartment is for the wet-bulb hygrometer, and is
similarly divided and subdivided for the temperature of the dry- and
wet-bulb thermometer, and for their differences.

The fifth compartinent is prepared for the maxima and minima of
temperature, and is divided into three. In the first division are to
be recorded the maxima and minima of thermometers carefully
placed in the shade and scrcened from radiation. In the second, the
maxima of a blackened thermometer exposed to the sun, and the
minima of a thermometer placed in a wetallic mirror, and radiating
freely to the clear sky. The third is -evoted to occasional obser-
vations of the a.tinometer under favourable circumstances.

The sixth compartment is for the temperature of the surface-water
of the sea, or of any river in the immediate neighbourhood of the
observatory.

The scventh compartment is prevared for observations upon the
direction and force of th winuav wne four regular hours of registry.
In the left-hand column of each di..sion into be recorded the direc-
tion of the vane, and in the right-¥ and colmnn the height of Lind’s
gauge, in tenths of an inch of water.

In the cighth compar‘ment the amount of rain is to be registered
once in the day; and .u the ninth, the clectrical state of the atmo-
sphere, if possible, at the four perieds, 3 A.M., 9 AsM., 3 P.M., and
9 p.M.

The tenth compartment is approoriated to remarks on the‘(l)uds,
and weather gencrally ; and iv the ‘eventh is to be noted, at™noons
the longit le and latitude at sea.

On a careful review of the month's observations, the maxima
and minima results should have the algebraic signs + and — respec-
tively affixed.

The second form is devoted to the corrected cesult. of the obser-
vations, and to the optical comparison together of some of them, by
their projection upon a scawe of equal parts.

The upper half of the sheet . verti. Ml divided i* 2 vo equal
parts, each prepared for half the month’s observations, and accord-
ingly ruled across into sixtecn spaces forghe daily observagjons, and
two for the sums and means of the (uantitics,. Each half is also
divided into five compartments.

The first is for the date of the month and the phases of the moon.

The second for the corrected height of the barometer at 32° Fahr.

‘The third is appropriated to the elastic force of the aqueous vapour
corresponding to the dew-point, and which may be taken from
Table V. in the Appendix, p. 89.

The fourth is for the maximum and minimum of temperature, and
the mean of the two.

And the fifth for occasional remarks.

"The lower half of the sheet is also vertically divided into two equal



78

parts, each of which Ys similarly divided into 81 columns for the daily
observations of a month; and these again subdivided into four, for
the six-hourly obscrvations of each day. The vertical lincs thus
formed arc divided into 6 inches; and each inch into tenths of an
inch, and half-tenths, by horizontal lines.

The left-hand compartment thus ruled, is intended for the projec-
tion of curves of temperature; for this purpose cach tenth of an
inch upon the scule must be reckoned a degree, which will be divided
by the faint line into halves.

The value of the degree may be arbitrarily fixed, and inserted in
the margin according to convenience. Towards the upper part of
the scale the results of the six-howrly observations should cach be
marked by a dot in its appropriate space, and the dots may be after-
wards connected by a line.

The temperatures of the dew-point, or of the wet-bulb thermo-
meter, or the mean temperature, may be compared with this primary
result by projecting their curves in a similar way beneath it; and
should the observations of these points be less frequent than four
times in the day, the daily spaces may casily be divided accordingly.

The right-hasd compartment is appropriated to the projection of
enrves of pressure, and the four daily observations of the barometer
are to be marked by dots towards the upper part of the scale of
inches, and afterwards connccted by a line. Towards the lower
part of the scale the clastic force of the vapour is to be noted, and
the marks to be similarly connected by a line.

On either the scale of temperature or of pressure, occasional
comparisons may he made with results obtained at other stations,
which{z‘ifjudiciously selected, cannot fail to prove of high interest
and iwportance. They should, however, be laid down in pencil, or
marked by a fainter lin.

At the bottom of the first skeleton form will be found a space pre-
pared for the 24 hourly obscrvations of the twenty-first day of the
month, both in their uncorrceted and their corrected state. It is
divided into four compartments for ¢ hours each. The instruments
which can with most facility be observed in this manner, are the ba-
rometer with its attached thermometer, and the dry- and wet-bulb
thermomecters ; and columns are appropriated to cach of these. It
is desirable that the means of cach 6 hours should be calculated,
and spacgs have been preyided accordingly for the arithmetical
operations.

In casting up the sums and calculating the means, care should be
taken in all cases tu verify the results hy repetition; and the Com-
mittee recommend in every iustance, before adding up the columns,
to look down each to sce that no obvious error of entry (as of an
inch in the barometer, a very common error) may remain to vitiate
the mean result. The precaution should also be taken of counting
the days in each column, so as to make no mistake in the divisor.

The skeleton forms will be interleaved with blank pages, to facili-
tate computations and comparisons, and to afford space for other
observations of atmospheric phenomena, which will perpetually pre-
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sent themselves to those who make it their busitless or their pleasure
to watch the changes of thc weather on a judicious plan. The
Committee, indeed, wish it to be understood, that, in the suggestions
which they have offered, they have taken into consideration only
such observations as are indispensable for laying the firstfoundations
of meteorological science; some investigations of a more refined
character they may, probably, make the subject of a future report.

As soon as the register of a month’s observations has been com-
puted, it should be copied, and the copy carefully compared with
the original by two persons, one reading aloud from the original, and
the other attending to the copy, and then exchanging parts,—a pro-
cess always advisable whenever great masses of figurcs are required
to be correctly copicd.

A copy so verified should be transmitted regularly to such person
or public body, as, under the circumstances, may be authorized or
best adapted to receive and discuss the observations.
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APPENDIX.

TABLES REFERRED TO IN THE SECTION ENTITLED
“ INSTRUCTIONS FOR MAKING METEOROLOGICAL
 OBSERVATIONS.”

—

TasLe I.

Correction to be added to Barometers for Capillary Action.

Correction for X
Diameter of Tube, } — — - — o .
Unboiled Tubes. Boiled Tubes., |}
inch. inch. inch.
0-60 0-004 0-002
0-50 0:007 0:003
0-45 0-010 0:005
0-40 0014 0-007
0-35 0:020 0-010
0-30 0:028 0-014
0:25 0-040 0:020
0-20 0-060 0:029
0-15 0:088 b 0:044 -
0-10 0:142 0:070
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TasLe II. Correction to be applied to Barometers with brass scales,
extending from the cistern to the top of the mecreurial column, to
reduce the observation to 32° Fahrenheit.

Inches.

20 205 21 21'5 22 22:5 23 235

£

coasoncSmoe | Temp.
=
*

+ + + +

'1-)'.-')1 -(-)'.%3 054 -(-)'.’;5 -&6 058 059 060
049 051 052 053 054 056 ‘057 058
049 050 051 052 054 055 056
046 047 048 049 050 052 053 054
044 045 ‘046 047 048 050 051 052
042 043 044 045 ‘046 048 1049 050
040 042 042 044 1 044 ‘046 047 048
039 040 041 042 042 044 044 046
037 038 |, 039 040 ‘041 041 042 013
035 036 037 038 039 039 010 011
10 033 034 035 036 037 037 038 039

11 031 038 033 034 035 035 -036 037
12 030 030 031, 02 033 033 034 035
13 028 <029 029 030 031 031 032 033
14 026 027 027 028 029 029 030 031
15 024 025 026 026 027 027 028 029
16 022 023 <024 024 025 025 026 026
17 021 021 022 022 023 023 <024 024
18 019 019 020 020 021 021 022 022
017 018 018 018 019 019 020 020
95 016 016 016 M7 017 018 ‘018

21 | ‘fou4 014 01t 015 015 015 015 016
22 | 012 -012 012 013 013 013 013 014
23| 010 010 010 -011 011 -011 011 012 |
24 008 008 009 009 009 <009 009 010
25 006 007 007 007 007 007 007 007
26 005 005 00H 05 BON 1 0Uh 005 005
27| -003 003 003 -003 003 003 003 003

-001 +001 001 -001 -001 -001 001

29| 001 | 001 | -001 | .01 | 001 | 001 | -001 | -001
30| 003 | -003 | 003 | -003 | 003 | w03 | -003 | -003

31 005 +005 005 | 005 005 005 005 005

00% 006 007 007 007 007 007 007
33 008 008 008 009 009 009 009 010
34 010 010 010 011 011 011 011 012
35 012 012" 012 ‘013 013 013 013 014
36 013 014 014 014 015 ‘015 016 016
37 015 016 ‘016 016 017 017 018 ‘018
38 017 017 018 018 019 019 020 020
39 019 019 020 <020 021 ' 021 022 022
40 021 021 022 022 023 023 024 024

41 022 023 024 024 025 025 026 026
42 024 025 025 026 027 027 028 028

2 027 028 029 029 -030 031
028 029 030 031 031 032 033
‘031 032 (033 033 034 035
46 031 032 033 034 035 035 036 037
47 033 034 035 036 036 037 038 039
48 035 036 037 038 038 039 ‘040 ‘041
49 037 038 039 040 ‘040 041 042 ‘043
50 038 039 ‘040 041 042 ‘043 ‘044 ‘045

g
g




Tasie II. (continued).
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2, Inches.

E - -

& 20 205 21 215 29 22:5 23 235
stlow010 | -041 042 013 044 045 | 046 047
52| 042 043 044 043 016 047 018 049
53| 044 045 016 017 018 -049 -050 052
54 | 046 017 048 019 050 051 052 054
551 017 019 050 051 052 053 055 056
56| 019 050 052 053 054 055 057 058
57 | 031 032 054 055 036 057 059 060
581 033 054 055 057 058 059 061 062
59 035 036 057 059 060 061 063 064
60 1 036 058 059 061 062 063 065 066
61| 038 060 -061 062 064 -063 067 068
62 | 060 061 063 064 066 067 069 070
63| 062 063 065 066 068 -069 071 072
64| 063 063 067 068 070 -071 073 075
65 -H65 067 068 070 072 0736 075 077
66| -067 069 070 072 074 075 077 079
67 | 069 071 072 071 0% 077 079 -081
65 | 071 072 074 076 078 079 081 -083
6Y 072 074 076 073 080 081 083 035
70 07 4 076 078 080 032 083 085 087
7V 076 078 080 082 083 085 087 -089
21 078 080 082 034 083 OR7 089 091
7 079 081 083 085 087 089 091 Q‘i 093
74 | 081 083 083 087 -089 091 093 095
75| o83 083 087 089 091 093 095 1% 098
76 | 085 087 “ORY 091 093 093 097 100
77 087 089 001 093 095 097 100 102
7 088 -091 0923 093 097 -099 102 104
79 GO0 092 049 007 )Y 101 104 106
80| 042 VD 096 099 101 103 106 -108
81 094 096 008 101 103 105 108 110
82| 095 093 100 -103 105 107 110 ‘112
83 | 007 100 102 104 107 109 112 ‘114
81| -009 101 104 106 109 11 ‘114 ‘116
85 | -101 103 106 108 111 13 ‘116 ‘118
86 | -103 103 -108 110 113 115 118 120
87 | 104 107 109 ‘112 1% 117 200 123
88 | ‘106 109 111 ‘114 17 119 122 125
89 | -108 111 113 116 119 121 124 127
g 110 112 115 ‘118 121 m ‘126 -129
91| -1 114 117 120 122 125 A28 | 181
92| -113 116 119 122 124 127 130 ‘133
93| 115 ‘118 21 124 -126 -129 2 l 135
94| 117 -120 122 125 -128 131 134, 137
95| -118 121 124 127 -130 133 136 | 139
96 | 120 123 126 ‘129 132 135 138, 141
97| 122 125 128 131 134 137 140 | 143
98 1 -124 127 130 133 136 ‘139 142 ] ‘145
99 | 125 -129 132 ‘135 -138 ‘141 114 147
00| 127 | 30 | -13¢ | 137 | 140 | 143 l 146 } 150

G2
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TasLe II. (continued).

g. Inches. :ES.
[

& 24 | oet5 | 25 | 256 | 26 | 265 | o7 | 215 |
d 4+ + + + + + =+ o
=% | i | s | s | -0 | -var | s | 060 | o; | 8
11 059 061 062 063 064 065 067 068 | 1
21 -057 058 060 061 062 063 064 066 2
3| 035 036 057 059 060 061 062 063 | 3
4] 053 054 055 056 057 058 059 061 | 4
5| -051 052 053 054 055 056 057 058 | 5
6| 049 050 -051 052 053 054 -055 056 | 6
7( 046 047 048 049 050 051 052 053 | 7
8| 044 045 046 047 048 049 050 051 8
91 042 043 044 045 046 046 047 048 | 9
10| 040 041 042 042 043 044 045 046 | 10
11| -038 039 039 040 041 042 042 043 | 11
121 -036 036 037 -038 039 039 040 041 |12
13| -033 034 035 036 036 037 038 038 | 13
4 03 032 033 033 034 085 035 036 | 14
15 | 029 030 030 031 032 032 033 033 | 156
16 | -027 028 028 ‘029 029 030 030 031 | 16
170 025 025 026 026 027 027 028 028 | 17
18 | 023 023 024 024 025 025 025 026 | 18
19 | 021 021 021 -022 022 023 023 024 | 19
20| 018 019 019 020 020 020 021 021 | 20
21| -016 017 017 017 -018 -018 -018 019 | 21
22| .014f| 014 015 015 015 016 016 016 | 22
23| 0. | 02 012 ‘013 013 013 013 014 | 23
24 ' 010 010 010 010 011 011 -011 011 | 24
25| 008 008 008 008 -008 008 009 009 | 25
26 | 005 006 006 006 006 006 006 006 | 26
27| -003 003 003 003 004 004 004 004 | 27
28| -001 001 «0m 001 001 0 001 001 | 28
29 | -001 001 001 001 +001 001 001 001 |29
30 | -003 003 003 004 004 004 004 004 | 80
31| 005 006 006 -006 006 D06 006 006 | 31
32| 008 008 008 008 008 008 008 009 | 82
33| -010 010 010 010 011 011 01 011 |83
34| 0124 012 012 013 013 013 013 014 | 34
35| 0 014 015 015 ‘05 015 016 016 | 35
36| -016 017 ‘017 017 017 018 018 019 | 36
37| -018 019 019 019 020 020 021 021 | 37
38 | -020 021 021 022 022 -023 -023 023 | 88
39| -023 028 024 024 024 025 025 026 | 39
40| 025 025 026 026 027 027 028 028 | 40
41| -027 027 028 029 029 030 030 031 | 41
42 | 029 030 030 031 031 032 033 033 | 42
43 | 031 032 032 033 034 034 035 036 | 43
4| -033 *034 035 035 036 037 037 038 | 44
45 [ 035 036 037 038 038 039 010 041 | 45
46| 038 -038 089 040 +041 042 042 ‘043 | 46
47| 040 -041 041 042 043 044 045 046 | 47
48| 042 043 044 045 045 046 047 ‘048 | 48
49 | 044 045 046 047 048 049 +050 050 | 49
50 | 046 047 048 049 050 051 052 053 | 50
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Tasie IL. (continued).

é' Inches. %
Bl 24 245 25 255 26 265 27 5 | &
() - - - - - - - °
51 °048 049 050 051 052 053 054 055 | oi
52 | -050 052 053 054 055 056 057 058 | 52
53 053 054 055 056 057 058 059 060 | 53
54 055 056 057 058 059 060 062 063 | 54
55 057 058 059 060 062 063 064 065 | 55
56| 059 -060 -061 -063 064 065 066 068 | 56
57 061 062 064 065 066 068 069 070 | 57
581 -063 065 066 067 069 |, <070 071 073 | 58
59 | -065 067 068 070 071 072 074 075 | 59
60 | 068 069 070 072 073 075 076 077 | 60
61 070 071 073 074 075 077 078 080 | 61
62 072 073 075 076 078 079 081 082 | 62
63 074 076 077 079 080 082 083 085 | 63
64| 076 078 079 081 082 084 086 087 | 64,
63| 078 080 082 083 085 086 088 000 | 65
66 | 080 082 084 085 087 4| 089 090 092 | 66
67 | 083 084 086 088 (18 091 093 095 | 67
68 | <085 086 088 090 092 094 095 097 | 68
69| <087 089 090 092 094 096 098 00 | 69
70 1 089 091 093 095 096 No8 100 102 | 70
71 091 093 095 097 099 101 102 ‘104 | 71
721 093 -095 097 099 -101 ‘103 105 107 | 72
731 095 097 099 101 103 -105 107 R 109 | 73
74| 097 99 102 104 106 108 110 “112 74
75| 100 102 104 106 108 110 112 "114® | 75
76 1102 104 106 ‘108 110 112 ‘114 117 (76
77 | 104 106 108 110 112 115 117 119 | 77
781 106 108 110 113 116 117 119 122 {78
79 108 110 D H NI | ] ‘117 119 ‘122 124 | 7Y
80 110 ‘113 ‘115 117 ‘119 ‘122 124 126 | 80
81| 112 115 117 119 122 124 126 ‘129 | 81
82| 14 ‘117 119 122 124 126 129 131 | 82
83 117 ‘119 121 124 126 129 131 ‘134 | 83
841 -119 121 124 126 129 131 134 136 | 84
85 | 121 123 -126 128 131 133 136 139 | 85
86 1123 126 128 131 133, 136 138 L 141 | 86
87| -125 128 130 133 136 -138 141 143 | 87
38 127 130 133 135 138 141 113 ‘146 | 88
89| ‘129 182 135 137 -140 ‘143 | (146 ‘148 | 89
90 | ‘131 184 137 140 142 145 148 151 | 90
91 134 136 139 142 145 148 150 153 | 91
0921 136 139 141 144 147 150 153 156 | 92
93| -138 141 144 147 149 152 155 158 | 93
94 140 143 146 ‘149 152 155 157 ‘161 | 94
9% 142 145 148 151 154 157 160 163 | 95
96 ‘144 ‘147 150 153 *156 159 ‘162 ‘165 | 96
97 | 146 *149 152 156 *159 162 *165 168 | 97
98 148 152 155 158 161 ‘164 167 170 | 98
9 151 154 157 160 163 *166 169 173 199
100 153 156 159 162 165 169 172 175 | 100




TasLe 1. (continued.)
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& Inches. g.
E 28 285 29 29-5 30 305 31 | &
-+ + + + + + 4-
6| w72 | 073 | 074 076 | 077 | 078 | 080 | &
1| 069 071 072 073 074 076 077 1
2| 067 068 069 070 072 073 074 2
31| -064 065 067 068 069 070 071 3
4| 062 063 064 065 066 067 -068 4
51 -059 060 061 062 063 065 066 5
6| -057 058 059 060 061 062 063 6
71 -054 055 3?6 037 058 059 060 7
81 052 053 054 054 055 056 057 8
9| -049 050 051 052 053 054 054 9
10| -047 047 048 049 050 051 052 |10
11| -041 045 016 <046 047 048 019 | 11
12| 042 042 043 044 045 045 046 | 12
13| -039 040 040 041 042 013 043 | I
14| 037 027 038 038 039 <0140 010 | 14
15 | 034 035 035 036 036 037 038 | 15
16 | <082 032 033 033 034 034 035 | 16
17 | 029 030 030 031 031 032 082 | 17
18 | 026 027 027 028 028 029 029 |18
19| 024 024 025 025 026 026 027 |19
20 | -021 022 022 023 023 023 024 | 20
21| 019 019 020 020 020 021 021 | 2] !
22| £16 017 017 017 018 018 018 | 22 |
23 | b4 014 014 015 015 015 015 | 23
21 “0l1 012 012 012 012 012 013 | 24 .
25 | 009 009 009 009 009 010 010 | 25
26 | -006 006 007 007 007 007 007 | 26
27 | 001 004 001 001 004 004 004 | 27
28 1 001 001 001 001 001 001 001 | 28
20| 001 001 001 001 001 001 001 | 29
30| -004 004 004 004 004 004 ‘004 | 30
31| -006 006 007 007 007 007 007 | 31
32| -009 009 009 <009 009 010 010" | 32
33| -o11 012 012 012 012 012 012 | 33
34| -014 014 014 015 015 015 015 | 34
35| -0 017 017 017 ‘018 018 018 | 35
36 -019 019 020 020 020 021 021 | 36
37| -021 022 022 022 023 023 024 | 37
38 | 024 024 025 <025 026 026 026 | 38
39| -026 027 027 028 028 029 029 | 39
40| -029 029 030 030 031 -031 032 | 40
41| -031 032 033 0338 034 034 035 | 41
42| -034 034 035 036 036 037 037 | 42
431 036 037 038 038 039 040 040 | 43
44 | 039 040 040 041 042 042 0143 | 44
45| -on 042 043 044 044 045 ‘046 | 45
46 | 044 015 045 ‘046 047 048 049 | 46
47| 046 047 048 <049 050 1561 051 | 47
48 | 049 050 051 052 052 053 054 | 48
49| -051 052 053 054 055 056 ‘057 | 49
50| 054 055 056 057 058 059 060 | 50




TasLE IL (continued).
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& Inches. &
g §
e 28 285 29 29:5 30 305 31 | &
51| 056 | -057 | 058 | -059 | -060 | -061 | -062 |51
52| 059 060 061 -062 063 064 065 | 52
53| -061 063 064 -065 -066 -067 068 | 53
54| -064 065 -066 067 068 070 071 | 54
55| -086 -068 -069 070 071 072 073 | 55
56 | -069 070 071 073 074 075 076 | 56
57| 071 073 074 075 076 078 079 |57
58 [ .07t 075 077 078 079 -081 082 | 58
59| 076 -078 079 -080 -082 083 085 | 59
60 -079 -080 -082 083 +085 -086 087 | 60
61| -081 -083 -084 086 -087 -089 -090 | 61
62| -084 -085 -087 -088 -090 081 093 | 62
63| -086 -088 -089 091 -093 094 096 | 63
64 -089 090 092 094 -095 097 098 | 64
65 | -091 -093 095 -096 -098 100 101 | 65
66 | 094 096 097 -099 101 102 104 | 66
67 1 -096 098 100 102 | e103 105 107 | 67
68| -099 101 -102 104 -106 108 109 | 68
69| -101 -103 103 107 109 ‘110 112 | 69
701 04 -106 -108 109 ‘111 113 115 | 70
71! -106 108 110 112 ‘114 116 ‘18 | 71
721 109 111 113 ‘115 117 ‘119 120 |72
73] -1 113 115 117 119 121 128 1 73
741 14 116 18 120 122 124 1% | 74
75| ‘16 ‘118 120 122 125 127 190, | 75
76 | 119 121 123 125 127 -129 D E)
77 1 121 123 126 -128 130 132 134 | 77
78 | -121 ‘126 -128 130 133 135 137 | 78
791 126 128 131 133 ‘135 -137 140 | 79
80 129 131 133 136 138 110 143 | 80
81 -131 134 ‘136 138 141 143 ‘145 | 81
82 134 -136 138 | gld1 143 ‘146 ‘148 | 82
83| ‘136 -139 ‘141 *143 146 ‘148 ‘151 | 83
84 | 139 141 ‘144 146 149 ‘151 154 | 84
85 | 141 144 146 ‘149 151 154 ‘156 | 85
86 | ‘144 ‘146 <149 151 154 ‘156 159 | 86
87| ‘146 149 ‘151 154 | 8157 159 262 | 87
88| <149 ‘151 154 ‘157 159 -162 165 | 88
80| -151 154 ‘156 159 -162 *165 167 | 89
90 | 153 -156 159 -162 164 | ,167 170 | 90
91| ‘156 159 ‘162 ‘165 167 170 173 | 91
92 | 158 -161 164 167 170 172 175 | 92
93| -161 -164 -167 170 172 175 178 | 93
94| -163 -166 -169 172 175 177 180 | 94
95 | 166 -169 172 175 178 *180 183 | 95
96 | -168 171 174 178 -181 *183 186 | 96
97| 171 174 177 *180 ‘183 -186 189 | 97
98| 173 176 179 ‘183 *186 *188 191 | 98
99| 176 179 -182 185 -188 ‘101 194 | 99
100 | 178 *181 -184 ‘188 191 194 -197 [100
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TasLe II1.

Correction to be applied to Barometers, the scales of which are en-
graven on gluss, to reduce the observations to 32° Fahrenheit.

Inches. | Inches. | Inches. | Inches. | Inches, | Inches. | Inches. | Inches.

Temp.| “o0 | 285 | 290 | 295 | soo | sos | S0 | S5

25 |+°017|4-017 |4-°017 (++018 |+4-018 |4+-018 [4+019 ;+°019
30 |+-005|++005 |4+-005 |+-005 |++-005 |+-005 |+-005 |+-005
35 |—+007|—-007 | —-007 | —-008 | —-008 | —-008 | —-008 | —-008
40 |—+019|—020 |—-020 |—-020 [—-021 |—-021 |—-021 |—-022
45 |—-031|—-032 |—-032 |—-033 |—-033 |—-034 |—-035 |—-036
50 |[—-043 |—-044 |—@45|—-046 —-046 |—-047 |—-048 |[—-049
55 |—+055|—-056 |—+057 |—-058 |—+059 |—-060 |—-061 |—-062
60 |—:067|—-068 |—-069 |—-071|—+072 |—-074|—+075|—-076
65 |—-079|—-081 [—-082 |—+-083 |—-085 |—-086 | —-088 |—-089
70 |—:091 |—-093 |—-094 | —-096 | —+098 |—-100 |—-101 |—-103
75 |—<103|—+105|—+106 |—-109 |—-111 |—-114 |—-116 |—-118

" TasLE IV.

Showing the Force of the Wind on a square foot for different heights
of the Column of Water in Lind’s Wind-gauge.

Height of the Force of the Common designation of
lum i ir- -
O Water." | dupais Poumds such & Wind.
inches.
12 62:5
11 5729
B e
! g zgg; } 'Most violent hurricane.
8 4466 A very great hurricane.
7 3655 e\ great hurricane.
6 31-75 A hurricanc.
5 26-04 A very great storm.
4 20-83 A great storm.
- 3 1.:62 A storm.
2 10:42 A very high wind.
1 521 A high wind.
0-5 2:60 A brisk gale.
0-1 0-52 A fresh breeze.
0-05 0-26 A pleasant wind.

In great degrees of cold, a saturated solution of sca salt may be
used instcad of water, the specific gravity of whichis 1-244. 1f the
force in the above Table for any height be multiplied by the specific
gravity, the product will be the true force, as measured by the solu-
tion.
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TasBLE V.

Elastic Force of Aqueous Vapour for every degree of Temperature,
from 0° to 124° Fahr.

TEMP-| Tnches of | 0P| Tnches of || TomP:| pTorce. . | Temp.|  Force.
Fahr. Mercury. IFahr. Mercury. Yabr. Mercury. Fahr. Mercury.
0 | 0051 :' 32 | 0186 | 63 | 0.570 | 9% | 1-562
1 10053 1| 383 | 0193 | 64 | 0590 | 95 | 1-610
2 | 0056 | 34 | 0200 || 65 | 0611 | 96 | 1660
3 | 0058 | 35 | 0208 .| 66 | 0632 ;] 97 | 1712
4 | 0060 | 36 | 0216 | 67 | 0-654 | 98 | 1764
5 0063 | 37 | 0-224 || 68 | 0676 | 99 | 1-819
6 | 0-066 || 38 | 0233 | 69 | 0699 100 | 1-874
7 | 0069 " 39 | 0-242 i 70 | 0723 101 | 1-931
8 | 0071 40 | 0251 ! 71 | 0748 102 | 1-990
9 | 0074 !| 41 | 0260 | 72 | 0773 L103 | 2:050
10 | 0078 | 42 | 0270 | 73 | 0799 [104 | 2112
11 | 0081 © 43 | 0-280 4 74 |°0826 105 | 2176
12 | 0:084 , 44 | 0291 | 75 | 0854 ['106 | 2-241
13 | 0-088 i 45 | 0302 ! 76 | 0882 |107 | 2307
14 | 0092 | 46 | 0-313 || 77 | 0911 |108 | 2:376
15 | 0095 ' 47 | 0-324 i 78 | 0942 | 109 | 2447
16 | 0-099 I 48 | 0336 | 79 | 0973 |'110 | 2-519
17 10103 | 49 | 0349 | 80 | 1-005 [111 | 2503
18 | 0107 ' 50 | 0-361 ! 81 | 1-036 112 | 21569
19 ' 0112 ; 51 | 0375 | 82 | 1072 [113 | 2747
20 | 0116 { 52 | 0-389 i 83 | 1106 114 | 2-826
21 | 0121 53 . 0-402 | 84 | 1-142 |115 | 2908
22 1 0126 54 | 0417 . 85 | 1179 116 ! 2992
23 | 0131 § 55 | 0432 | 86 | 1-217 [117 | 3-078
24 | 0136 56 | 0447 |- 87 | 1-256 | 118 | 3-166
25 | 0142 , 57 | 0463 | 88 | 1-206 |119 | 3-257
26 | 0147 i 58 | 0-480 l 89 | 1-337 | 120 | 3-349
27 | 0153 | 59 | 0497 ; 90 | 1-380 |121 | 3-444
28 | 0-159 Y 60 | 0514 | 91 | 1423 | 122 | 3-542
29 | 0165 || 61 | 0532 ! 92 [®1-468 | 123 | “Tb41
30 | 0172 | 62 | 0551 || 93 | 1-514 |l124 | 3-743

31 | 0179 I .
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Tur following letters from Baron Von Humboldt to the Earl of
Minto, and from Professor Erman to Major Sabine, having been
communicated to the Royal Society, the Committee have deemed it
desirable that they should form a part of this publication, with the
permission of the respective parties.

Letter from the Baron Alexander von Iluinbolde to the Earl of
Minto.

MiLoRD:
Berlinyce 12 Oct., 1839.

Lorsq'ac printems de 'unnde 1836, jad®essai une lettre & S. A. R.
Mgr. le Duce de Sussex sur les moyens propres d perfectionner la
connoissance du magnétisme terrestre par I'établisscment de sta-
tions magnétiques ¢t “dobservations correspondantes, je sollicitai le
concours puissant de la Société Royale de Londres en faveur de tra-
vanx qui, ¢manant 2 la fois de plusieurs grands centres scientifiques
de I'Europe, pourroicnt conduire progressivement d la conndissance
précise des lois de la nature. Ma démarche fut aceucillie aveg bicen-

veillance, et la Société Royale daigna recommander a la protcetioh
spécialc du Gouverncment de Sa Majesté I'établissement de plusieurs
stations permanentes dans les régions tropicales, et dans les parties
tempérées de Phémisphére austral.

Cette protection du Gouvernement a ¢té accordée avec une mu-
nificence qui dépasse de bien loin T'espoir des Lhonnnes le plus ar-
demment occupés des variations du magncétisme terrestre, selon les
trois coordonnces de décelinaison, d'inelinaison, et d'intensité absolue.
Cc ne sont pas sculement des stations magnétiqucs qui seront fon-
dées dans les licux les plus propres 3 la manifestation des (,hange-
mens que subit la distribution des foress; ¢’cst une grame® expé-
dition antarctique qui a é¢ ordonnée sous le commandement d'un
savant et mtr(.plde navigateur, le Capitainc James Clark Ross; ex-
pédition qui embrassera dans des travaux sagement preparés tous
les problémes du magnétisme terrestre, de la configuration du globe,
de la distribution de la chaleur, du mouvement des eaux de Iocéan,
de la constitution géologique du sol, de la géographie des plantes et
des animaux.

Je erois remplir un devoir sacré cn offrant au Premier Lord de
I’ Amirauté, 3 Monsieur le Comte de Minto, l'hommage respectucux
de la plus vive reconnoissance dont sont pénétrés tous ceux qui cul-
tivent les sciences, et lcur ont voué une vie laborieuse. Cette re-
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connoissance est due au Ministre qui, dans des vues €levées et s1
favorables aux progrés de I'intelligence, a réalisé 'exécution du voy-
age antarctique. La bienveillance personnelle dont votre Excel-
lence m’a honoré, pendant Son séjour i Paris et d la Cour de mon
Souverain, me donne le courage de Lui communiquer en méme-tems
quelques considérations qui se rattachent au but principal d’une
vaste et noble entreprise. Ma franchise ne sera pas mal interprétée.

La wariabilité des phénoménes est ce qui caractérise le plus le
magnétisme terrestre : variabilité selon unc marche lente et pério-
dique, quelquefois intermittente aussi, comme effet de perturbations
brusques et instantanées. Il cn résulte que pour approfondir les
lois du magnétisme terrestre, il est d’'unc haute importance de con-
noitre I'état magnétique du Globe a une méme époque donnée, ou,
du moins, sclon des obscrvatious faites & des époques trés rap-
prochées. Il y a presque déja trente ans que, dans le Hecueil de
mes Observations astronomiques, j'ai indiqué combien il serait pré-
cicux pour la Physique du globe, si plusieurs bitimens munis d'ex-
cellens instrumens, parcouraient simultanément I'équatcur magnéti-
que et les lignes sans déclinaison, pour fixer i la méme époque, dans
le vaste bassin des niers, la déclinaison, 'inclinaison, et Uintensité des
forces magnéticues.  Jinsistai aussi, (malgré Iimperfection des in-
stramens et des méthodes d’alors,) d’aprés ma propre expérience, sur
la possibilité de déterminer sur mer, et avec une précision suffisante,
les variations de ces deux derniers élémens. (Rel. hist. T. 1. p. 262.
Je montrai combicn ces déterminations océaniques scmbloient oftvir
('avantages, la, ot les couches d’ean sont assez €paisses pour que l'on
ait moms a craindre les perturbations locales duces a la constitution
pinérelogique du foud.

Guidé par des considérations analogues, j'ose exprimer le désir,
que pour rendre plus fructneux encore l'immense travail qui sera
exéeuté en trois années, soit par I'expédition du Capitaine Ross,
soit dans les nombreuses stations magnitiques répanducs sur la
surface des continens et des iles, Votre Excellence voullit bien
ordonner simultanément quelques expdditions particlles et supplé-
mentaires. Deux savans, auxquels nous devouns des travaux im-
portans sur la connoissance des variations du magnétisme terrestre,
M. le Major Sabine et M. Lloyd, professcur & Dublin, m’ont déa
donné heurcuse nouvelle que le Gouvernement de Sa Majesté en-
verroit 4 Otahiti, & cctte métropole de I'Océan pacifique, illustrée
par d’ancicns travaux astronomiques, un officier trés-instruit ¢t muni
d’appareils magnétiques. Le grand nombre de batimens de la ma-
rine royale qui se trouvent e plus souvent en station sur les cotes
occidentales de I'Amérique du sud, ct dans les mers de Plnde, faci-
literont peut-tre les moyens de multiplier les investigations que
Jappelle supplementaires, et dont, pour le moment, le but prinecipal
seroit la connoissance expérinentale de I'équatcur magnétique, ct
des lignes sans déclinaison.

I. Un bitiment muni d'instrunicns propres a mesurer linclinaison,
la déclinaison, et I'intensité, pourroit, en partant des cétes du Pérou,
suivre I'équateur magnétique, ou la courbe d'inclinaison zéro, jusqu’
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aux cbtes de la péninsule de Malacea, et, sile vent le permet,
jusq'au détroit de Bab-el-Mandeb. Un second bitiment pour-
roit parcourir I'équateur magnétique depuis le Golfe de Guinée
jusquaux cotes du Brésil. On détermineroit avec une grande pré-
cision astronomique les points du littoral ol la courbe d'inclinaison
ztro, qui n'est pas un grand cercle de la Sphére, coupe les continens et
let iles: on apprendroit i connoitse les changemens de sinuosité ct
le mouvement des neeuds (points d'intersection des équateurs mag-
nétique et terrestre) qui ont eu licu depuis les époques des voyages
antéricurs. Comme les lignes isodynamiques et isoclines ne sont
aucunement parallCles, il seroit 4 désirer que les intensités fussent
aussi déterminées le long de I'équateur magnétique, ou dans sa
proximité la plus immédiate.

I1. Quant aux parties des lignes sans déclinaison qui deviennent
accessibles aux navigateurs, j’oserai, Monsicur le Comte, les indiquer
toutes, non dans le vain gspoir que des observations simultanées
puissent les embrasser dans leur ensemble pendaht la durée du séjour
du Capt. Ross dans les hautes régions antarctiques, mais seulecment
pour faciliter le choix & Votre Excellence selon les combinaisons
fortuites que peuvent offrir des traverseds ou les sfations éphémdres
de batimens de la marine royale. Je n®ignore pas que d’aprés les
grandes vues sur les véritables foundemens d'une Z7%éorie générale du
magnétisme terrestre qui sont dues & M. Gauss, soit la connoissance ap-
profondie de l'intensité horizontale, soit la multiplicité et la sage répar-
partition des points dans lesquels les trois ¢1émens de déclinaison d'in-
clinaison et d’intensité ont &te simultanément imesurés, pour trouver
la valeur de V (§. 4 ¢t 27), et par conséquent aussi de qsont les

e
points vitaux du probléme gu’a résolu I'illustre GGéométre : mais Jes
besoins actuels du Pilotage, les corrections habituelles du rumb, et des
chemins parcourus, donnent encore une importance speeiule et pra-
tigue i 1'élément de la déclinaison. On apprécieroit une détermination
expérimentale, e. d. d. par obscrvation immédiate, avant que I'édifice
théorique ait pu étre complété et terminé dans son ensemble; on
Papprécieroit d’autant plus que les lignes isogones ont un mouve-
ment trés-inégal dans les différentes portions de leurs traces, ct que
Paction combinée des petites attractions magnétiques locales cause des
déviations partielles de la direction moycune des lignes d'égale dé-
clinaison, déviations qui intéressent la sCeurité des routes, et qui
resteront long-temps hors de I'atteinte de la théorie générale la plus
solidement &tablie. Je signale ici de préférence la direction des
lignes sans déclinaison, auxquelles des considérations de Géogra-
phie physique doivent conserver une partie de leur ancienne impor-
tance.

(a.) L'expédition antarctique, en arrivant, par 'ouest, de la Terre
Kerguelen i celle de Van Diemen, aura traversé la ligne sans déclinai-
son qui remonte au nord vers la Terre de Nuyts (Australie.) 11 seroit
important de fixer astronomiquement, comme je I'ai fait observer pour
I'équateur magnétique, les points méridionaux et septentrionaux
du littoral de 1a Nouvelle Hollande, o la ligne de déclinaison zéro
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traverse le continent australien, ¢t de poursuivre cette courbe,
d'abord vers I’ O. N, O, et cnsuite vers le nord, depuis la Baie de
Vansittart, ou le Cap Bougainville, jusy’ aux iles Maldives, ct les
attérrages de,Surate dans I'Inde. Les connoissances acquises par les
beaux travaux de Hanstecn, d’ Adolphe Erman et de George Fuss sur
la grande sinuosité des lignes isogones de la Sibérie empéchent aun-
Jjourd’ hui de se former une idéecexacte de la liaison de ces lignes
avec les lignes correspondantes dans les Mers del'Inde et de la Chine.
D'aprés les cartes iutéressantes (ui accompaguent I'exposé de la
Théorie générale par M. Gauss, la ligne de déclinaison zéro ne coupe
le continent asiatique que prés de Pentrée du Golfe Persique ; clle
remonte directement de 13 vers le nord 4 la Mer Caspienne ct d la
Mer Blanche. I’aprés M. Barlow clle se replie du Golfe de Cam-
baye vers le N.E. et reparoit dans les Mers de la Chine et du Japon,
entre l'extrémité septentrionale de I'lle Formose et la péninsule
Seghalienne. S

Ce scroit jeter uné vive hnmiére sur un des points les plus obscurs
du magnétisme terrestre que de lever les doutes qui enveloppent le
prolongement de cette ligne de déclinaison zéro de la mer des
Indes, et de faive connoitre, par des observations préeises, la direction
et la distribution des forcs & L'oucst de PIudus entre Candahar,
Balkh, Koundouz, et le Pendjab (la Pentapotamie). 1l est probable
que la marche victoricuse des arméces de 8. M. vers Caboul, et le sé-
Jour des troupes dans UAfghanistan pourront donner lieu & des re-
cherches de ce genre, au moyen des petits apparcils magnétiques
que 'on destine pour I'Inde. 1l resteroit & examiner pour la méme
époquetla position de la ligne zéro dans les mers du Japon au nord
de I'Islg Formose, comme daus T'Océan Glacial dans la partie trés-
accessible entre Spitzherg et la Mer Blanche.

Suivre les traces de I'éyuateur magnétique, ou celles des lignes sans
déclinaison, c'est gouverner (diricer la route du vaisscau) de
manicre 4 couper les lignes zéro dans les intervalles les plus petits,
en changeant de rumb chaque fois que les observations d’inclinai-
son ou de déclinaison prouvent qu’on a dévié.

(b)) Si du systéme oriental, on de l'ancien continent, nous
passons au systéme magnétique americain et atlantique, nous aurions
a désirer la détermination simultanée des portions de la ligne sans
déclinaison qui remonte & Vest de la Géorgie du sud vers St. Sal-
vador M Brésil, quitte 1o continent prés de Marauham, ct se
dirige au N. O. vers le Cap Charles et la Baye de Chesapeak. Les
mers que traverse Gette ligne sont si fréquentées que de nombreuses
observations magnétiques y ont été faites, et se trouvent conservées
dans les archives du 1¢épdt de la Marive Royale ; mais il ne suffit pas
’avoir coupé souvent et i ditférentes époques la ligne zéro, il s'agit
de la poursuivre. autant que les vents le permettent, dans toute son
étendue. Je devrais hésiter, M. le Comte, & faire mention du
prolongement le plus boréal de la ligne atlantique & travers le
Canada et la Baie d’'Hudson, mais je dois considérer la surface
du globe dans sun ensemble, et fixer I'attention dcs navigateurs sur
les changemens qui peuvent &tre survenus dans les derniéres années.
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(¢.) La Mer du Sud, si I'on en excepte les cotes du Japon n'a de
nos jours pas de variation zéro. Le neud circulaire qui renferme
Carchipel des Marquesas prés du minimum des variations orientales
(5°) mérite de nouvelles investigations dont pourroit se charger le
batiment qui suivrait I'équateur magnétique du Pérou vers I'Inde.
La forme de ce nceud circulaire e. @ d. 'espacement. variable des
courbes isogones qui le constituent, et le déplacement progressif
du nceud cntier, sont des phénomeénes également rcmarquables et
qui contrastent avee le grand ncead circulaire de I'Asie orientale,
auquel, selon le mémoire de M. Gauss, appartient la courbe de
déclinaison zéro des mers du Japon et de la Chine.

Je compte sur votre ancienne bienveillance, Milord, en osant
vous importuncr si longuement de considérations sur 'utilité que
pourraient offrir des obscrvations simultanées, par I'emploi d'instru-
mens et de méthodes semblables, dans les différentes régions des deux
hémispheéres. J'ai touch¢ aux moyens de compléter les resultats
de la grande expédition antarctique, et d’en dugmenter la valeur.
Votre Excellence choiséra dans sa sagesse, ce qui, parmi tant d’ob-
Jets importans pour V'art nautique et pour la Géographie physique,
pourra lui paroitre d'unc exécution facile. Je “sais borner mes
espérances. b

Je supplic V. F. de jetter tes yeux sur quclques additions anx
instructions scientifiques que jose Lui adresser.  Clest presque étre
présomptucux que de vouloir ajouter & un excellent travail, rédigé
en partie par Sir J. Herschel. J'ai ¢édé aux instances amicales de
MM. Sabine et Lloyd, et je vous supplic, Milord, de vouloir bien
faire mettre entre les mains de Sir J. Herschel un écrit fragientaire
dans lequel cc grand astronome et savant physicien effacery Jibre-
ment tout ce qui lui paroitra peu exact, ou moins digne de I'ft-
tention des voyageurs.

Je suis. &e., &e.

A. DE HUMBOLDT.

Additions fragmentaives aux “ Instructions for the Scientific Expe-
dition to the Antarctic Regions.”

Les personnes qui sont chargées des' observations scieﬁﬂﬁques,
ayant des connoissances trés-varices, il suffit de leur rappeler avee
la plus grande concision les points qui paroisscat de quelque im-
portance dans le cours de leurs travaux.

I. ForME DE LA SURFACE CONTINENTALE.

Mouvemens des terres par soulévement ou par dépression, soit
lents et progressifs, soit brusques et instantanés, toujours comme
effet de la réaction de I'intérieur fluide d’une planéte vers sa crofite
plus ou moins consolidée.

Il seroit important de placer des marques sur les cotes des con-
tinens et des iles, & une élévation rigoureusement déterminée au
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dessus des plus hautes marées. Je préférerois des barres de cuivre
préparées d’avancc en Angleterre, ayant une inscription de la date
et le nom du Capitaine Ross. Un trait ou sillon creus¢ dans le
rocher, réuniroit deux marques métalliques éloignées 'une de I'autre
au moins de 15 pieds. Le sillon doit étre trés-exactement horizontal.
Pour chaque endroit on aura vérifié 'élévation moyenne des marées
Jd’une manicre approximative. BDes marques semblables, mais de fer
et de 2 pieds de long, ont &été placées (A ma priére, aprés mon retour
de Sibérie) par M. Lenz, membre de I’ Académie de St. Petershourg,
sur les cotes rocheuses de la Mer Caspienne prés de Bakou (voyez
Poggendorf, Annalen, t.xxvi. p.364.). Les barres sont scellées par
du plomb fondu.

II. MaGNETISME TERRESTRE.

Tout ce qui a rapport & Pimportance de la simultanéité des dé-
terminations d'inclinaison, de déclinaison et d'intensité magnctiques
a été consigné daus la lettre que j'ai cu Phonneur d’adresser & M. le
Comte de Minto, Premier Lord de ' Amirauté. J'ai rappel¢ ce qui
est relatif d la forme, et aux directions actuelles de I'équatenr mag-
nétique (courbe d'inclinaison zéro) et des lignes sans déclinaison. Je
n’ajoute ici que le désir que I'on puisse observer cn outre des époques
prescrites par M. Gauss, aux époques astronomiquement importantes
des solstices et des équinowes, comme jc lai fait conjointement avee
M. Oltmanns en 1806 et 1807, pendant 5 et G jours et autant de nuits,
A cause de la plus grande précision des instrumens actuels, 24 ou 36
heures suffiroicnt. Je signale aussi les points suivans :—Examiner les
influenes lunaires d'aprés les indications de M. Kreil, astronome de
Milay. aujourd’hui & Prague; fuirc attention aux orages, aux
grandes chutes de gréle ou de neige, aux jours couverts o sereius ;
voir si des changemens atmosphériques modifient les phinomdénes
magnétiques d’'une maniere sensible el stable @ examiner st sur mer
ou sur ies glaces polaires, on remarque quelque influence de la consti-
tution minéralogique du fond; si des perturbations locales se font
sentir sur mer, i ou I'on peut supposer que les eaux ne sout pas trés-
profondes. L'intensité des forces se trouvoit diminude a la hauteur
que M. Gay Lussac a atteinte en ballon: on reconnoit cette dimi-
nution, lorsqu'on corrige les observations de ce savant par la tem-
pérature des couches d'air qu’il a parcourues. La position dans an
vaissere & la surface des' mers est une position semblable : moins
par rapport i la surface moyenne de la terre, que par rapport. & l'in-
dépendance relative aux attractions locales. Les observations faites
sur de hautes montagunes, au dessus de 2500 toiscs, (observations d'in-
clinaison et d'intensité recueillies soit par moi. soit tont réeemment
par d'autres voyageurs) donnent des résultats peu concordans i canse
des perturbations dues aux couches soulevées de la crolite icrrestro,
Ces considérations sur le décroissement trés-lent des forees magné-
tiques dans le rapport hypsométrique, et sur la petitessc de lu profon-
deur moyenne de Y'océan, méritent Iattention des physicicwe. Méme
sur le sol voleanique de Rome, nous n’avons pas trouvé M. {jay Lus-
sac et moi, de différence sensible dans l'intensité de la foree horizon-
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tale au Monte Pincio, i la Villa Borghese, et t‘; Tivoli. Ces expéri-
ences seront trés-aisées i répéter sur la glace, o Ion peut s'éloig-
ner 4 de grandes distances du navire, et ot les influences du fond de
la mer, si elles existent, doivent se mavifester au milieu de la marche
unifirme des phénomenes d'intensité ou d'inclinaison.

Les tremblemens de terre m'ont paru agir quelquefois sur l'in-
clinaison.  Multiplier les observations d’inclinaison horaire 13 ou
les secousses sont fréquentes. * :

Les aurores borales changent-elles parfois la force horizontale
sans infloer sur liuclinaison? Y a-t-il quelque aspect particulier a
cette classe d'anrores horéales ou australes, qui affectent peu les dé-
clinaisons horaires de Paiguille?

Observer de priférence les variations magnétiques aux époques
olt beaucoup d'¢toiles filantes entrent dans I'atmosphére. Examiner
st de grandes perturbations (les orages magnétiques) se répétent
peudant plusicars jours aux mémes heures; si en général ces
orages magndtinues ne sont pas beaucoup plus $réquens de nuit,
lorsgue le soleif ue régle et ne tempére plus, par son séjour au dessus
de horizon, ln marche de Vaiguille. 11 est d’un vif intérét de dé-
couvrir les rapports du magnét, me terrestre (et deeses manifesta-
tions variables) avee d’autres phénomeénes physiques, soit dans les
monvemens yui Jéyendent du tems vrai (du passage du soleil par le
méridien de chiwene lien), soit dans les mouvemens isochrones, c.d d.
dans cens dout ou peut déduire la différence de longitude avee un
deged - précisioa inattendue.

III. MEgRs. ’

Observer les différences de température dans la haute et la bagse |
mer, comme Finfluence que la pente plus ou moins rapide des accores
produit sur le rcfroidissement des bas-fonds ; mésurer la distance a
laqquelle 15 baner de glace agissent sur la température des caux de
la surface. Les températures des couches inférieures de la mer ont
acquix s nouvel intérét depuis que dans le voyage de Kotzebue,
M. Lenz, muni d’excecllens instrumens, a trouvé <ouvent sous les tro-
pigues { par 7¢ et par 21° de latitude, & 600 et 900 toises de profon-
deur) 221 et 2-44: du thermométre centigrade, (Poggendorf, t. xx.
P 75,) ¢ que Vou sait que le maximuin de densité de 'eau pure
west pas applicable & Tean de mer.  Le Capitaine Bérard, ayec
une ligne de sonde d'un millimétre de dimétre, est parven@l
sonder jusqu's 1334 toises de profondeur (Bérard, Description
des Cotos o Alger, 1837, p. 41).  Les thermométres,d minimum et
d maximuw de M, Magnus et de M. Walferdin sont d’'un emploi
trés-préciz conune Pont prouvé les belles expériences de M. Arago
dans les puisc v.ilsiens. C'est dans les courans ocaniques d’une
haute tempdéraiure que les sondes thermométriques seroient surtout
d'un grand imirét. Examiner si le courant d'eaux froides qui
longe les cotes du Pérou jusquan Cap Parifia, o il dévie vers les
Galapagos, ¢t dans lequel jai trouvé par les 12° de latitude sud
l'eau de la surface seulement & 124 Réaumur, quand hors du cou-
rant, la mer &toit & 22 R., prend sa source 75° & I'ouest du méridien

H
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du Cap Horn par lcs 60° et 65° de latitude sud. Ce mouvement des
eaux froides est il d'abord dirigé vers le nord-nord-est, et puis (sur
le paralléle de 85° sud) vers I'ouest, en frappant contre les cotes du
Chili, et se divisant sur ces cdtes en deux courans vers le nord et le
sud? Examiner la température de ce fleuve pélagique loin du lit-
toral 4 'ouest du Chili. (Voyez I'intéressante Carte du mouvement
des eawx dans le Grand Océan Austral, par le Capitaine Duperrey,
1831, et I'Atlas Physique de Berghaus, Cahier 1. No. 4.)

Employer différens moyens, ou de nivellement optique le long
des mats, ou de dépression d’horizon (si le soleil est visible), ou de
privation du vent par les vagues (en mesurant en méme tems l'incli-
naison de la miture,) pour déterminer, dans une tempéte, loin des
cltes, le maximum si souvent contesté de la hauteur des vagues.
J'ai cru trouver ce maximum de 43 piés fruncais, par le moyen de
la dépression de I'horizon, dans la Mer du Sud, pendant une de ces
tempetes désignées sous le nom de Papagayos, 3 Vouest des cotes
de Guatimala. Tautres voyageurs croyent ce chiffre de beaucoup
trop grand.

IV. ATMOSPHERE.

Si Ja pression moyeyne de l'air au niveau des mers diminue dans
P’hémisphére boréal, depuis le paralléle de 55° vers les tropiques ct
vers I'équatear, elle paroit, par de certaines longitudes, diminuer
aussi, entre les 55° et 68° ct puis augmenter de nouveau. D’aprés
les recherches de M. Schouw, on trouve, a zéro de température et en
appliquant avec M. Poggendorf la correction relative a la pesanteur,

pout
Nord. Lignes *,
o Christiansborg . . 5% . Bar 33609
La Guayra . . . . 10 . . . . 616
Palerme . . . . . 88 . . . . 800°?
Naples. . . . = . 4 . . . . 782
Londres . . . . . 514 . . . . 753
Altona . . - ssi .. .. 785

Danzig . e 54.; .. 724
Edinburgh . . . . 56 . . . . 646
Christiania . -. . . 60 . . . . G674

Bergen. . . . . . 60 . . .. 602
Reikiavig . . . . . 64 . . . . 889
Godthaab . . . . . 64 . . . . 386
Upermavik . . . . 78 . . . . 549
LTle Melville . . . 74f . . . . 685
Spitzoerg . . . . . 755 . . . . 623

En faisant abstraction de la correction relative i la pesanteur, on
auroit, pour La Guayra 336°98, pour Londres 337:33, pour Reikia-
vig 883:36, pour I'lle Melville 335'61. (Poggendorf, t. xxvi. p.
241 et 475.) 11 est important d'avoir ces chiffres sous les yeux
pour les comparer avec les hauteurs moyennes du barométre que

* Ancienne mesure de France,
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les voyageurs obtiendront, réduites & zéro de température, par les
différentes latitudes et longitudes de 'hemisphérc austral.

On comparera aussi la direction moyenne des vents de 'année ct
des saisons avec la pression atmosphérique.

Quant 3 la dircction du fournoiement du vent dans les deux hémi-
sphéres, cffet de la rotation du Globe et de la vitesse des molécules
d’air correspondant d chaque paralléle, je recommande les ingé-
nicuses recherches de M. Dove dans les Meteorologische Untersu-
chungen, 1837, pp. 124—138. DGja Bacon de Verulam a dit, dans
le chapitre De successione ventorum : “Si ventus se mutet conformi-
ter ad motum solis, non revertitur plerumque.” La direction du
tournoiement cst opposée dans les deux hémisphéres (Churucca,
Viage al Magellanes, 1793, p. 15); inais ce fait, connu depuis
long-tems des marins, n’avoit pas été examine sous le rapport de
ces importantes influences météorologiques.

Examiner la températures des plages et la comparer 3 la tempé-
rature de l'air, Placer des thermomeétres dans 1€ sol & différentes
profondeurs, sous différentes latitudes.

L'observation des réfractions par un froid trés-intense deviendroit
surtout importante, si par I'ascension 4 quelque montagne voisine et
d’unc éévation considérable, on pouvoit d¥terminer en méme-tems
le décroissement du calorique. Dans le voyage de la corvette La He-
cherel®au Spitzherg et aux cotes de Laponie, on s'est servi de ballons
captifs et de thermométrographes, mais des expériences de ce genre
sont d'une exécution peu facile. Le décroissemnent de la chaleur est
si lent pendant de grands abaissemens du thermométre, que lgs ob-
scrvations de réfraction de M. Svanberg faites en Laponie par 29¢
centésimaux audessous du point de la congélation dounent, d’agrés,
les fornmules de M. Laplace, un décroissement de 243 métres par
degré centésimal.

L’Ephéméride des étoiles filantes, publiée par M. Quetelet, sera in-
dispensahle aux voyageurs, pour fiser leur attention sur d’autres jours
que ceux d’Aotlt et de Novembre. Examiner si les mois de Fevrier
et de Mai se signalent particuliérement, et si les jours des grandes
chutes d'étoiles filantes il y a simultanément des traces d’aurores
australes. L’Ainiral Wrangel assure avoir observé souvent, dans
son expédition aux iles des Ours et de Kolioutchin dans la Mer
glaciale, que pendant les aurores borcales, certaines régiong du
ciel ne sont devenues lumincuses que loque des étoiles filantes
les ont traversCes. Les aurores australes laissent-clles des traces
pendant le jour: ces traces se manifestent-clles par une certaine
disposition linaire de nuages, (cuinulito-stratus du journal de M. le
Capitaine Fitz-Roy,) &également espacés? Ces rangées de petits
nuages ou bandes polaires m’ont paru le plus souvent dirigées dans
le méridien magnétique, p.e. sur le plateau de Mexico, quelquefois,
surtout dans le nord de I Asie, je les ai vues tourner progressivement
pendant des nuits trés-calmes du N, par I'E. N. E. & I'Est. Ces
apparences ne seroient-elles que des effets de perspective, des con-
vergences de stries paralléles, causées par des vents supérieurs P——
Cette explication me paroit douteu;e.

H



100

"V. ZoOoLOGIE.

Les mémorables travaux de mon ami et compagnon de voyage,
M. Ehrenberg, et les rapports qu’offrent ces travaux, soit avec la
connoissance intime de 'organisation d’animaux que l'on croyoit
jadis d’une structure infiniment simple, soit avec la phosphorescence
de Y'océan, et les grandes questions de la Géologie moderne, invitent
les naturalistes voyageurs & diriger leurs recherches sur lcs points
suivans :

Recueillir de I'eau de mer partout ot on apergoit i la surface des
changemens de couleur et de densité, cn formne de pellicules, de stries
et de taches huileuses. Dans ces parages on est siir de trouver abon-
dance d'animaux microscopiques, et comme il est prouvé par I'expé-
rience que ces petits &tres, méme les infusoires pélagiques, peuvent,
soit & cause de leurs carapaces siliceuscs, soit & cause de la consis-
tance de leurs memgbranes ou tissus organiques, étre examinés sous le
microscope, aprés avoir &té conservés pendant plusieurs années, on
tichera, j'espére, de les recueillir de deux maniéres. La ol I'on
voit les stries de différentes couleurs, Ton enlévera une portion de
ces strics, cn enfongant 'dans I'eau de mer des lames trés-minces de
mica, ou du papier bien fort. Ces lames de mica, ou ces feuilles de
papier seront soulevées horizontalement ; on les séchera et [gs con-
servera dans un livre, les animaux restant attachés aux mémes lames
de mica ou feuilles de papier, an inoyen desquelles on les a recueil-
lis. Dans les parages oll 'eau de la mer paroit entiérement pure et
presqye incolore, cllc renferme souvent des acaléphes, des crustacdes,
et des infusoires microscopiques. Il s'agit sculement de pouvoir
F~xaeiner ces eaux dans un état pour ainsi dire concentré, d’enfermer
les &tres vivans dans un moindre volume du fluide. A cet cffet, M.
Ehrenberg a 'habitude de faire puiser de 'eau & la surface de la
mer dans un seau, ct de la faire tiltrer ou passer d travers un linge
trés fin, de maniére que chaque fois on sépare la portion concen-
trée qui n'a pas encorc pénetré entiérement 3 travers le filtre. Ces
portions concentrées (plus riches en animaux invisibles d I'eil nu)
sont conservées dans de petits flacons de 2 ou 3 pouces de haut.
On laisse quelques bulles d’air entre le bouchon et 'eau. St pen-
dant 'opération de la filtration, on découvre quelques acaléphes visi-
bles g I'eeil nu, il faudra les séparer et les placer dans I'esprit de vin,
afin que ces petites masses gélatineuses n'altérent pas I'cau de mer
concentrée.

Comme ces opérations sont extrémement faciles, il est 4 désirer
que pendant toute Pexpédition, par différens degrés de latitude et de
longitude, on recueille de l'eau de mer surtout 13 od les algues ma-
rines abondent. Par les moyens gu'on vient de proposer, on par-
viendroit & étendre d’'une manicre inattendue la connaissance de la
nature intime des petites organisations et de leur distribution géo-
graphique sur le globe. Il ne faut pas oublier que les estomacs
remplis de carmin et d’indigo dans tous les Polygastres, que les
yeux dans les Rotiféres et I’ Budorina elegans, et les dents des Hy-
datines, se conservent pendant de longues années, lorsque ces étres
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microscopiques sont préparés entre des lames de mica d’aprés la
méthode de M. Ehrenberg.

Recueillir les animaux qui causent la phosphorescence de 'océan,
phosphorescence dans laquelle le Mammarid scintillans semble jouer
le réle principal, avee d’autres acaléphes et des infusoires pélagiques
(especes de Peridinium, de Syncheta et de Prorocentrum). Obser-
ver si la phosphorescence n'est pas plus générale ct plus fréquente
par un ciel couvert et d’apparenc® orageuse: examiner si pendant
la phosphorescence générale de 1'Océan I Fquorea forskoeliana,
A. phosphorifera, le Pelagia cyanclla, P. noctiluca et P. pancpyra,
luisent par scintillation ¢. a. d. non d’une maniére continue, mais en
donnant des étincelles par la décharge spontanée de certains organes
électriques cellulaires ; conserver ces acaléphes et les béroés phos-
phoriques dans Tesprit de vin; examiner si certaines espéces de
poissons, Chimera arctica, Clupca erythrea, Coryphana hippuris
ct Scomber pelamys, sont phosphorescentes par elles-mémes, ou si ce
n’est pas plutdt par Padhérence d’infusoires phogphorescens.

Recucillir partout celles des substances minérales qui selon les dé-
couvertes dc M. Ehrenberg, sont composées d'infusoires fossiles
comme le tripoli, les schistes & polir, les semi-opalgs, les minérais de
for limoneux riches en Galionelle ferrugipen, les dépdts colorés des
sources salées ou ferrugineuses, les craies, les silex pyromaques, les
marnes alternant avec la craie, les dépdts siliceux, les terres que
mangent quelques peuples, par golit ou par besoin. Quoique les
infusoires a carapaces siliceuses, plus indifférens aux variations des
latitudes ct des climats, ayent manifesté généralement plus d’aptitude
i résister aux grands cataclysmes géologiques, plusieurs desgryozoa
calcaires ou polythalames de la craie existent cependant aussi vivans
dans la mer actuelle. M. Ehrenberg en a récemment tregvégle
vivans daus la mer Baltique, identiques avec des polythalames en-
fouics dans les craies ct leurs marnes.  Cette circonstance d'identité
donne, & cause de I'dge des formations eraicuses, un vif intérét gé-
ologique d cc genre d'investigations.

Recueillir et conserver avec soin, & causc des petites organisations
quiils renferment, les sables des dunes, les sables de toutes les cétes
que l'on visite, les sables rejetés par les hautes marées, les sables
qui s'attachent i la sonde et 4 Pancre des vaisscaux; recueillir des
tchantillons des terres qui composent les marais et des endroits
inondés et desséehés. Les plus petifjes quantités suffisgnt, en
marquant bien exactement les localités ol clles ont été receuillies.

VI. BoraNIQUE.
Plantes marines qui vivent en société.

Il reste des doutes, si dans certains parages (commc au banc
d’algues ancicnnement connu prés des lles Azores) le Fucus natans
(Sargassum vulgare et S. bacciferum, Agardh) continue & végéter
sans racines, en flottant 4 la surface de I'Océan au gré des vents et
des courans, ou si le Fucus, récemment arraché a des rochers dont
on suppose 'existence et la proximité, ne peut conserver son état de
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fralcheur que pendant un trés court espace de tems. Les ingéni-
euses considérations de M. Charles Darwin (Journal, pp. 303—305),
ont répandu un nouvel intérét sur ces “ great aquatic forests.”
L’analogie des Vaucheries et du Polysperma glomerata, la facilité
méme avec laquelle, dans 'eau douce, des plantes phanérogames
(V' Aldrovanda vesiculosa, et des branches du Najas mqjor) con-
tinuent & végéter, lorsqu’elles nagent dépourvues de racines, ont
fait croire A un voyageur d’une Instruction trés-varie, M. Meyen,

ue le Fucus natans peut pousser des feuilles (frondes), sans racines
et sans adhérence au fond, mais que dans ce cas, le Fucus natans
flottant ne porte jamais de fruits. Recueillir les échantillons de
Fucus qui se sont développés en forme arrondie, les branches s’éten-
dant comme par rayons. Mesurer la température de 'eau la plus
froide dans laquelle végétent ces plantes sociales.

(Signé)  ALEXANDRE DE HUMBOLDT.
Berlin, le 26 Octobre, 1839.

Letter from Professor A. Erman to Major Sabine, R.A., F.R.S.

MONSIEUR, A® Berlin, le 12 Nov. 1839.

Jai ep le plaisir de vous exprimer 4 Berlin mon vif intérét pour
Pexpédition magnétique, dont votre rapport sur lintensité totale
(Sevepsh Report of the British Association for the Advancement of
Science) a fait concevoir le plan, et que le gBuvernement Anglais a
mis en ceuvre avec une munificence enticrement digne du sujét.
Vous savez combicn je fClicite les voyageurs qui continucront jus-
quaux plus hautes latitudes Australes, les observations que je n’ai
poussées que peu au deld du paralléle du Cap Horn, et qui vont tout
autant préciser la forme et la position des lignes magnétiques de cet
hémisphére, que nous avons pu le faire, M. Hanstecn et moi, pour
celles de I'Asie du Nord ol tout conspiroit & favoriser notre entre-
prise. Aussi est ce avec beaucoup de reconnoissance que j'accepte
I'entremise que vous avez bien voulu m'offrir, pour signaler aux
membres de cette grande expédition, quelques résultats et quelques
sujets de recherche, que notre voyage pour un but analogue me
porte i recommander a nos successeurs. Il est vrai que la belle in-
struction dont la Société Royale a muni ses voyageurs, leur indique
trés complétement les moyens d'obtenir, tant sur mer que lors des
mouillages aux cétes et aux glaces polaires, une série continue de
déterminations des trois élémens magnétiques. Elle est si riche en
détails importans que, dans 'intérét de la science, on ne sauroit rien
desirer au-deld du stricte accomplissement de ce plan de voyage.
Cependant pour toujours soutenir l'attention et le zéle dans un tra-
vail uniforme d'aussi longue durée, et pour les faire redoubler a point



108

nommé, dansles endroits ol les observationsaugmententd’importance,
il n'y a je crois rien de plus efficace, qu'une comparaison suivie des
résultats de 'observation, d'une part avec ceux de la théorie qu'il
s'agit de perfectionner, et de l'autre avec les évaluations purement
empiriques de ses prédécesseurs. L'expédition antarctique doit
iouir de cet avantage pour ses mesures d'intensité totale, en se ser-
vant de la carte isodynamique congtruite d’aprés la théorie de M.
Gauss, et de celle que vous avez directement établie sur les résultats
des voyageurs*. J'ai destiné aux mémes fins la carte ci jointe, PL.III.,
représentant les lignes d'égale déclinaison pour une épogue entre 1827
et 1830. Je les ai obtenues par une interpolation graphique, et de-
vant fournir des isogones indépendantes de toute vue de théorie.
J'ai noté sur la carte méme les résultats numériques qu’elle repré-
sente, et il ne me reste ici qu'a mentionner les voyageurs qui les ont
fournis, la direction des routes qu'ils ont suivies, et 'époque de leurs
observations.

1. L'Europe et I Asie septentrionales.
MM. Hansteen et Due, de Christiania & Irkuzk et & 'embouchure
du Jenisei, en 1828 et 29. .
Erman, de Berlin aux bouches de I'9bi, par Irkuzk et Ochozk
au Kamtschatka, en 1828 et 29.

Il. Le Grand Océan.

Le Capit. LZiitke (sur laCorvette le Siniavine),du Cap Horn, par Val-
paraiso, les iles de Sitha et d’ Ounalaska, & Petropaw-
lowsk, en 1827. »

Idem (idem) de Petropawlowsk & Manilla, en 1828.

Erman (la Corvette le Krothoi), de Petropawlowsk, par
Sitka, San Francisco, et Otaheite, au Cap Horn, en
1829 et 30.

111. L’ Atlantique.
Le Capit. Liitke (le Siniavine) de l'ile de Teneriffe, par Rio Janeiro,
au Cap Horn, en Décembre 1826, et 1827.
Idem (idem) du Cap de Bonne Espérance, par les iles de
St. Heléne et de Fayal, au Canal Anglais, en 1829.
Erman (le Krotkoi), du Cap Horn, par Rio Janeiro,
Portsmouth, en 1830.

1V. La mer des Indes.
Le Capit. Hagemeister, (la corvette le Krotkoi), qu Cap de Bonne
spérance, a Port Jackson, en 1828.
Liitke (le Siniavine), de Manilla, au Cap de Bonne Espé-
rance, en 1829.

d

Je n’ai du ajouter & ces résultats presque contemporains (Dec. 1826
d Oct. 1830) qu’'une dixaine d’observations antéricures, toutes faites
dans la mer glaciale du Nord, et nommément par le Capitaine Wrangel
dans la partie orientale de cette mer (68° & ‘70° lat., 162° 4 182° &
I Est. de Green.) en 1828, et par

* PL I and IL.
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¢

Le Capitaine Liitke dans sa partie occidentale (70° & 77° lat., 27°
4 52° a 'Est de Green.) en 1821. .

Si l'on comparc maintenant dans leur ensemble ce tracé immé-
diatement calqué sur les observations, et la carte que la théorie de
M. Gauss a fournie pour la méme époque, PL. IV, on sera frappé de
leur accord éminemment satisfaisant, tant pour les formes que pour
les places qu’elles assignent 4 laplipart des isogones. On envisagera
toutefois, comme prévues d’avance, des courbures plus accidentées et
moins arrondies dans les isogones empiriques : résultats nécessaires
tant d’une interpolation imparfaite d’observations affectées d’erreurs,
que d’influences locales, telles que la différentc constitution géologi-
que des pays et leurs accidens de climat; car la théorie que son
illustre auteur ne présente que comme une ébauche, ne saurait déja
reproduire ces efféts de causes secondaires. Mais, indépendamment
de ces écarts accidentels et locaux, une comparaison suivie des deux
cdrtes fait ressortir entre elles quelques différences plus décidément
prononcées, portaut sur de grandes Portions d'isogones bicn éth-
blies par I'observation. Je me permcts de les signaler ci-aprés a
Fattention de vos voyageurs.

’ § 1. Entre 0° et 150° E.

1. Les sommeéts concaves des isogones negatives (orientales) que lo
carte empirigque place vers T7° E., y atteignent de moindres latitudes
que daprés la théorie. ’

Nommément:
c Sur la carte empirique. Sur la carte de M. Gauss.
L'isogone de — 15° descend jusqu'a 65° lat. 78° lat.
o~y - 10° » 58¢ 5' 64°

2. Le systéme de déclinaison positive ou occidentale, qui a son
centre d'aprés Uinterpolution graphiyue rers 150° E., et d’aprés M.
Gauss apeine 03 d Louest de ce méme méridien, s'écarte de la théo-
rie par la valeur des lignes qui le composent, et cette différence est
Uinverse de la précédente.

Les somméts convexes de ces lignes sont,
Sur la carte empirique.  Sur la carte de M. Gauss.
Pour la courbe de  0° & 68%5 lat. 61°7 lat.
e ” + 2"  65° 54°
s » + 6°vers6l° nexiste pas, le centre

du systéme situé en 45° lat. ne devant avoir que + 2° 30’ déclin.

On résumera ces deux circonstances, en observant (u'un voyage
depuis 65° lat. et 77° E. long. jusqu’en 61° lat. et 130° E. long. oftre
en réalité un plus fort changement de déclinaison que suivant la thé-
oric. En effét le changement observé serait de 21° (depuis — 15°
Jjusqu’'a + 6°) ou la théorie ne demande que 10° (depuis — 10°
Jusqu’d 0°).

3. La différence des deux cartes relotive a la ligne sans décli-
naison entre les dits méridiens n'est au fond qu'une suite de ces deux
circonstances (Nos. 1 et 2). La branche occidentale de cette courbe,
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sur laquelle la théorie et I'observation sont presque d’accord, et que
cette derniére fait passer par 50° lat.%t 48° E. long., se distingue sur
les deux cartes par son prolongement vers le Sud et le Sud Est.
Elle a son sommet concave sur la carte empirique en —1° lat. et sur
la carte de M. Gauss vers —10° 2 lat. (les latitudes australes étant
pris négatives), et passé ce terme, d’aprés I'observation directe, la
courbe se reléve vers le Nord Est,et le Nord, embrasse le systéme
Asiatique de déclinaison occidentale, pour ne se replier quaprés,
par la mer d’Ochozk, le Grand Océan, et la mer des Indes, sur la
nouvelle Hollande. La théorie lui assigne au contraire, d’abord
aprés le sommet concave, un rebroussement vers le Sud (en 105°
E.), qui la porte directement sur la nouvelle Hollande ; aussi voit on
sur la carte de M. Glauss, lc susdit systéme de déclinaison occiden-
tale, entouré d'une courbe & zéro fermée et isolée, et dont la branche
orientale sc trouve plus 4 'ouest que ne le demandent les observations
pour la partie correspondante de la ligne continue.

En eftét ces parties correspondantes de la coutbe & zéro coupent :

Sur la carte empirique. Sur la carte de M. Gauss.
Le 60° lat. sous 150° E., sous J40° E.
50° ,, 151°3 E. o P 1478 E.

Mais je suis loin d'attribuer unc spécialité d'intérct a I'isogone de
2éro;—la différcnce de deux branches isolées, & une courbe con-
tinue, que nous venons de lui tronver sur les deux cartes, ne me
parait au contraire ni plus ni moins grave, que si elle portait sur
quelque autre courbe de ce genre. Je crois plutot que pour
voir cet écart dans son vrai jour, il faudra observer que dais le sy-
stéme cn question, la valeur limite entre des courbes isolées et des
courbes continues cst, suivant la théorie de — 1° 14’ déclin.dritn-
tale, tandis que Zobservation parait Uélever & une déclin. occidentale
de 4 1°, ou environ, car pour dériver de données nnmériques la va-
leur précisc de cette limite, il ne suffit ni d’une interpolation gra-
phigue ni d’aucun moyen différent d’'une théorie compléte. J'observe
en outre, et pour me prémunir contre plus de responsabilité que
Jje¢ ne dois avoir sur ce point, que la dite partie de ma carte reposc
uniquement sur les observations suivantes de M. Liitke.

Déclinaisons
Longit. Latitude. - " : L-§
M. Lutke, La théorie,
L. T,
135°84' | 4+ 14035' | 4-0°10' | —1°%5 | + 1°4
134 38 + 15 34 +0 4 -1 +1-1
134 04 + 16 4 +12 0 +1°0
122 33 + 19 54 +2 20 + 02 4 21
117 58 + 138 41 +0 33 —0°8 + 13
115 21 -+ 138 4 +0 23 —0°8 + 12
113 03 + 12 41 +0 33 — 14 + 20
105 04 —8 39 +1 26 — 04 +1°8
105 32 —9 416 +10 — 02 +1°2
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Malgré leur grande influence sur la forme de la courbe & zéro,
ces différences entre la théorie et 'observation sont donc beaucoup
plus foibles que celles observées dans les contrées précitées (Nos.
1 et 2) et qui s'élevaient respectivement & — 5° et & + 6°.
Les parties australes des deux cartes situées entre les dits méri-
diens de 0° & 150° E, s'accordent trés bien entre elles.

§ 2. Depuis 150° jusqu’a 360° E.

Il en est de méme dans I'hemisphére boréal, depuis 162° jusqu'a
262° E., pour les isogones de —30°, & —15° mais passé ce terme
les courbes théoriques de ~—12°, de —10°, ete. portent les déclinaisons
oricntales qu’elles expriment jusqu’a de moindres latitudes boréales
quc ne l'indique I'observation. Ainsi

Sur la carte empirique. La carte de M. Gauss.
L'isogone de — 12° descend jusqu’a 33%5 lat. 23° lat.
] ” 6> ” 28°+5 17°

C'est cette circonstance, et unc toute pareille pour les isogones de
méme nom dans Themisphére austral, qui produisent

4. Une diversité des deyx cartes relativement au systéme fermé de
déclinaison orientale dans le Grand-Océan.

Les courbes de — 10°, — 9°, et — 8° sont les parties de ce systéme
que I'observation directe a le mieux reconnucs, et nous trouvons a
chacune d’elles plus d’Ctendue daus le sens du méridien que ne
V'adopte la théorie. Ainsi d’aprés

\ 2
La carte empirique. La carte de M. Gauss.

" \ depuis + 27°8 lat. + 17° lat.
Lt.ogrde — 10° va jusqua — 495 — 39
-, {flepuii + 25 + 12°5
& ?Ljusqu'a — 47 — 36
— g fiepuii + 23 + 7°5
” ” | jusqu'd — 4405 — e

Leurs diamétres dans le sens du méridien sont donc respective-
ment :

d’aprés (observation directe de '77°3, 72° et 67°5,
et d'agrés linterpolution t{u‘orique de 56°, 435 et 41%5.

Les observations nous apprennent en outre sur les isogones de ce
systéme, que celle de—10° passe bien décidément d’un pole nord &
un pole sud, et qu'act contraire la courbe de —8¢ est isolée et rentrante.
L'isogone de —9° participe tellement aux propriétés de ces deux
espéees de courbes, que, parmi celles que représente ma carte, elle
doit étre la plus voisine de la valeur limite. La théorie sy accorde
trés bien en indiquant —8° 465 pour cette méme limite. L’accord
des deux cartes est moins parfait sur la position du centre de ce
systéme ct sur la déclinaison qui y régne, car la forme des courbes
empiriques de—10° a—7° engugerait & le présumer situé

vers 231°8 E.
—12° lat.
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tandis que l'interpolation théorique le porte en
219°8 E.
—14%5 lat.
aussi la théorie attribue & ce point une déclinaison minimum de
—5°15', mais nous avons trés souvent observé sur le Krotkoi,deméme
que Mr. Liitke sur la route plus orientale du Siniavin, des décli-
naisons entre —5° et —4° et mémes qyclques unes de—3°50'a—3°40'.
Nous étions cependant encore trés sensiblement eloignés du centre
des courbes.

5. Dans Uhemisphére austral entre les méridiens de 192° E. et
262° E. les isogones de—12° et de—15°, d'aprés la théorie ne sap-
procheraient du pole austral que jusqw aux paralleles de —38°8 et de
—49°, tandis que les observations paraissent les y étendre jusqu'en
—52°7 et — 58°.

Mais je terminc cette comparaison, en vous priant, Monsieur,
d’accorder encore votre attention d 'harmonie trés parfaite des deux
cartes relativement au systéme de déclinaison otcidentale qui re-
couvre I'Atlantique et I'Europe, lequel, vu la grande fréquence des
observations dans ces parages, est un des plus solidement établis par
I'expérience directe. La théorie porte la valeur linite pour ce sy-
steme 8-4+22° 13/, et les observations démomtrent, d’abord, que cette
méme valeur est comprise entre +20° et 4+25°; et de plus, qu'elle
est beaucoup plus rapprochée de la moyenne arithmétique de ces
deux nombres, que d’'aucun d’eux.

Je passe d quelques autres sujets de recherche que je me permets

de résumer en de simples questions: .

Aurores Polaires. Y a-t-il dans les hawtes latitudes antarctiques
quelque indication d'une duplicité d’ Aurores Polaires ? Les halivares
de RBérésow sur T'Obi (63° 56’ N. lat.) en distinguent en cffét de
deux espéees: de plus [vibles ayant leurs centres i I'Ouest; et de
plus brillantes qui se forment a3 1 Est du meridien. Les données que
j'ai pu recueillir sur les azimuts ol se formeraient ces deux phéno-
ménes m'ont fait présumer qu’ils surgissent respectivement de 1'un
ou de Tautre des deux foyers magnétiques de I'hemisphére boréal.

Phosphorescence de la mer. Ewxiste-t-<il un minimum de tempé-
rature qui empécheroit d'avoir lieu le développement de lumiére opéré
par des Méduscs, des Scolopendres, et surtout par des Crustacég,mi-
croscopiques vaguement qualifiés de Zoophytes infusoires?

J'ai observé des phases trés brillantes de ce phénoméne sur la
mer d’Ochozk dans les nuits du ,

3 Aout par 4392 F. température de la mer.

5 A()ut ”» +4‘1 0 2
6 Aout ”» +41 2 ”»
7 Aout ,, +46°6 9

mais il y eut cessation parfaite la nuit du 4 Aout ol la température
de la mer baissa jusqu’ a 4 37%4 F.

Un phénomeéne lumincux, différent d’apparence et d’origine, s’ob-
serve sur la méme mér d’ Ochozk 3 P'approche de la saison froide, et
y est connu sous le nom de Spolocki. Ce sont des bandes lumineuses,



1C8

. L4

qui paraissent douées d’'un mouvement propre, et qui se repandent en
jets rayonnans, depnis un centre commun i plusieurs d’entr'elles et
également situé i la surface de la mer. On ne saurait les confondre
avec la lumiére due aux Mollusques, laquelle ne forme jamais des
bandes, mais des points distinctement isolés, et brillans de préférence
dans le sillage du vaisseau, dans les brisans, et sur I'écume des lames
et des vagues. Les bandes en question ressemblent au contraire d de
la lumiére électrique qui se répandrait & la surface d’un conducteur
imparfait. Ya-t-il des phénomenes analogues dans Uhemisphére aus-
tral, et quelles circonstances paroissent les provoguer 2

Météorologie.

" A égalité de latitude, la moyenne hauteur du barométre m'a paru
moindre sur le grand Océan que sur la mer Atlantique : la méme dif-
Jérence s'observe-t-elle encore sur les prolongemens des méridiens en
question jusqu’a. de hautes latitudes Antarctiques ?

Sur le grand Océan, entre le 50° et 60° de latitude nord, c’est bien
décidément le vent d’ Ouest qui augmente la pression atmosphérique
au dessus de la Valeur moyennc: Cet effet du went d’ Ouest cst le
contraire de ce que l'onfobserve en Europe, et il me parait fort in-
téressant de recueillir sur cc point des données correspondantes dans
I’hémisphére austral.

J’ai vu avec beaucoup de plaisir que la Société Royale dirige I'at-
tention de ses voyageurs sur la différence de la colonne barométrique
aux limites polaires et aux limites &équatoriales des zones alizées.
Voici‘les résultats que j'ai obtenus i cet égard de mes propres ob-
i(frwreg.}:ions. (Poggendorf, An. der Physik fur 1831.)

Mois. Longit. Alizé N.E. Mois.  Longit. Alizé S.E.

Diff. des haut | Diff, des haut
butom.

barom.
Mai et Juin.. 167° 8"™154 | Mai.,.... 179° 2"-245
Janvier .... 233 0 929 | Jan. et Fev. 222 2 714
Juil.ct Aoit. . 327 3 016 | Juin et Juil. 324 2 *453
Novembre .. 342 2 668 Decembre. . 333 1 492

Les différences sont exprimées en lignes du pied de Paris, ct sc
rapportent aux colonnes barométriques observées 4 la limite polaire
et aa limite équatorialg de la zone alizée.

Essuie-t-on jamais des orages sur mer quand on est ¢ la fois a
une grande distacice de tonte cote, et loin des limites des alizés 2 L 'ex-
périence d’une seule année ne m'en a fourni aucun exemple.

Etoiles filantes.

Si les voyageurs antarctiques ont le loisir d’observer le retour
périodique des étoiles filantes du 10 Aolt ou du 18 Nov., il seroit
fort & desirer qu'ils fissent attention & la direction apparente de leur
mouvement, et que nommément ils dessinassent sur une carte cé-
leste leurs trajectoires apparentes, pour examiner aprés, si lewrs
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?
longemens se coupent en un méme point du ciel. Les Etoiles tom-
bantes de 1839, Aot 10, convergeaient toutes vers le point du ciel :

Ascens. droite 222°:4
Declinaison .. 51°2 Australe.

L'instruction de la Société Rqyale ayant dirigé I'attention des
voyageurs sur la Chionis Alba, je me permets de leur communiquer
que nous avons pris dans deux jours consécutifs 5 ou 6 de ces
oiseaux, en nous trouvant i la hauteur des iles Falklands, et i une
distance de 48 & GO milles marins de leur extrémité orientale. Il
est vrai que ce fut par un vent d’ouest assez frais, mais on ne saurait
cependant décider sans recherche ultérieure, si ces oiscaux intéressans
ne sont pas engagés par quelque autre cause d s’éloigner des cétes
qu’ils habitent. Les Chionis nous ont paru si propres i la domes-
ticité que I'on pourrait sans doute es conserver vivantes jusqu'au re-
tour cn Europe, et peut &étre méme en faire propager l'espéce. 1l est
fort probablec qu’ils se nourrissent de préférence de grains ou d’autres
semences dures, car nous leur avons constamment trouvé dans l'esto-
mac du sable et de petits cailloux, que nous croyions destinés a faci-
liter la trituration et la digestion de pareitles substances.

Je termine ces remarques detachées en me recommendant, Mon-
sieur, a l'indulgence que vous daignates si souvent témoigner a

Votre trds devoué serviteur,
M. le Major Sabine, R.A. A. ERMAN.
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[ ]
Comparisons made at the Royal Society’s Apartments, Somerset-
House, in August 1839.

Royal Society’s Standard Major Sabine’s, Major Sabine’s,
Barometer. (Round). (Flat), .
Flint Glass. [Crown Glass.| f% || Barom, | At | Barom, | At
A
29634 29-630 67:0 29578 668 29-590 66-8
29670 20-666 645 29616 654 29-616 650
29-712 29-701 66:2 20662 665 29-654 663
30-080 30072 602 30012 613 30006 609
Captain J. C. Ross’s Instruments,
Standard Barometer, || Mountain Barom., |i Mountain Barom.,
No. 32. 0.32.(1.) ) No. 32. (2.)
i
29-620 643 || 29612 G668 || 209612 63-3
29-662 626 | 29642 653 i 29642 623 .
29:700 632 || 29686 665 i 29%76 632
30068 606 ' 30032 | 6l |+ 30028 60-3
: : i ki :
Comparisons made in March, 1840.
\ ain | i, I ain |1
Royal Society’s | Standard, n{,q"::“;d;"’ | MI:’,:"Z“;"’ i MIE(":H;;"” | Mountain,
Standad. l No. 46. Capt. Ross. Cil]')t Rosw \ Lt. Wilinot. No.47.
Barom.lnnrom | At ll | A—tt_ ‘ Att. I Att C—
g]l::z | (gﬁ‘\gx Ther ,| Barom. ’Th(r‘ Barom. iTlm Barom. I’l‘her ,l Barom, 'lhel:-i' Barom. l‘Abtetr

' ! )
29661, 2965 c" 16 .s" 20678 463
20726  20-718) 48:5| 207281 46:2,
30:024, 30 0161470 30028/ 49-6
30 266| | 30+ z.»s‘ 456 l L0 z«ml 43 s‘

20646, 462 ¢
29-676| 46:3
20962 490,

|
29:652 47 4 20690/ 46- s‘ 29-662
20:672 47+4 ' 29708 10.;:"9 684
29952 ..o-o‘ 29986 19-.,' 20-966,

h i

464
466
492

Comparisons of Standards with the Royal Society’s, made for the
Honourable the East India Company, in April 1840.,

o Standard, Standard,

Royal Society’s Standard. No. 48. No. 49.’
. ) . | At .
s, | Crown Glass,| Ther. || Bome | fhe, || Baom | At
30-408 30:400 482 30-426 457 30-400 459
30-368 30-360 478 30-380 466 30-364 46'6
30-346 30-338 480 30-356 470 30-340 470
30-258 30-250 50°0 30274 462 30-250 46-3
30-134 30-128 488 30-150 478 30-130 480
29-918 29912 492 29-938 487 29-924 488




Comparisons made with the Royal Soclety’s Standard, of various Standard an< Mountain Barometers, for the
Honourable the East India Company, (made in February, 1840.)

] o
Cpa) Standard, ‘ Standard, Stardard, ! Standard, _ Standard Standard,
Royal Society’s Standard. |} ¢ 7™ | “No.ss. No. 40. No.4l. ||  No.43. No.43.
Barom, | Barom. | ay | - Att. i A, t. Att, .
%__n_“. M_._w.-n.: Ther. " Barom, .mw.on—.. ; Barom. | Ther, i Barom. ! H_.Mn. _ Barcm Hﬁm—.. Barom, .!.mn. Barom. n.ﬂ.ﬂmn—..
30450 | 30442 | 379 . 30458 | 386 | 30440 | 384 || 30-466 _ 387 || 30433 | 884 \i 30-458 | 380 || 30-436 | 388
30450 | 30444 | 376 || 30436 | 3§82 _ 30442 | 37°Y 1| 30-468 1 385 || 30433 |, 379 || 30458 | 377 || 30452 | 384
30458 | 30-450 | 372 || 30460 350 . 30454 352 || 30468 383 || 30468 | 380 || 30462 ! 375 || 30458 | 384
30452 | 30-446 | 366 | 30456 372 iy 30452 ¢ 370 || 30472 | 87-3 1y 30-.64 | 37 || 30-458 ; 36:7 || 30452 | 372
300434 | 30-426 |, 369 _ 30438 | 37-3 || 30128 | 375 | 30452 o7 i 30444 | 373 || 30436 | 370 | 30436 | 376
| il ! | L

Comparisons of Mountain Baromete~ corresy

Aing with the above Standards.

Mountain, Mountain, Mountain, ||  Mountain, _ Mountain,
No. 40. | No. 41. ~ No.42. | No. 3. : No. 44.
30380 | 386 m 30438 | 389 | 30350 | 3883 30426 | 388 || 30424 | 390
30392 | 382 i 30-132 | 384 | 30-348 | 383 || 30432 | 383 | "426 | 386
30390 | 378 | 30432 | 382 | 30346 | 382 |} 30340 | 334 422 | 383
30-390 | 36:9 || 30432 | 373 | 30350 | 3724 30-438 | 373 | 50226 | 374,
30384 | 37-0 || 30-420 | 376 _ 30-432 | 374 wc#wh» 373 “ 30418 | 376°
H 1 6 u

Printed by Richard and John E. Taylor, Red Lion Court, Fleet Street.
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Forn No. 1.

* As the days commence with the Magnetic hour nearest qfter 12 midnight
of the place, the time of the triple Observation will be different at each obser-
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and METEOROLOGICAL INSTRUMENTS. .. ___ 18__
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Height. | M|

Dry.

R

TIILRNOM. |

ELECTROM. '

— Drw

e, |
h

|
i
I
1 0T -
|

R

N

Temp.

| Point,

\ L xurer, Mas. €

JiRanrazion Sol, €

State of the Weather.

JMmnor__ )

b Terr(

e

Forn No. 1.



OBSERVATORY at ( —) day, the.__of
Term day Observ™ of MAGNETOMETERS, &. _______18__ }

o lom:&fn. MAGNETOMETER. || oMimesof |l yoGNETOMETER.
opeamsien | Gt Gimeas) meatwgn, | menn. | ot |WER Beiings. | menn
10pm 10pm
m. 8. |m, B. m, l_, m. s
Declination 0:00 ‘ 30:00
Horizontal Force || 2:30 132:30
Declination 5:00 35:00
Vertical Foree 7:30 37:30
Declination io00 40:00
Horizontal Force |[12:30 42:30)
Declination 15:00 45:00,
Ll o4
Vertical Farce |[17:30) 47:30 ]
|
Declination 20:00 50:00 I
Horizontal Force 122:30  [52:30 |
|
Declifation 25000 ¢ 55:00 |
Vertical Farce [27:30 57:30
Hour TIERMOMETERS. BAROMETER. || ELECTROM. ‘
Gott, - ——
Mo W wk | ViR || e | wer || Hetghe,  |remper
10pn .
Weather.

Form No. 2.
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OBSERVATORY at ( )
Assrract of irsple Observ. made during the Monthof  _ 18__
7 F MAGNEIOM |DECL MAGNLTOM||H F MAGNETOM
Date |~ I
L |
L . ° + -
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1 4 — L -
| + + 1
r
— - L ]
JO | S— —] r 4 .
— - - — —A— -4 — —_— — L
Sums | — 4L 4
Means - 44— - T
Forx No. 5. .
The Sums and Means of the triple Observations are not + they have
the insers

been sncluded wn this form, of which a portion is blank fo
fion if mecessary. of other ubrervations sn the same pase. v
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Asstracr of Term-day Observations 18__
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