
©1889 Nature Publishing Group

Feb. 28, 1 889] NATURE 421 

Star. 

U Ceohei 
R Arietis 
Algol . .. 

Variable Sian 
R.A. Dec!. 

h. m. " , 
o 52·5 ... 81 17 N . 
2 9·8 ... 24 32 N. 
3 ro ... 40 32 N. 

h. m. 
... Mar. 4, 18 8 m 

4, M 
3, 2 41 m 
5, 23 30 m 

R Canis Majoris ... 7 14'5 ... 16 11 N. , 3, 21 6 m 
and at intervals of 27 16 

V Geminorum 7 16·9 ... I3 18 N .... Mar. 3, M 
9 53'9 ··· 21 47 N. 9, M 

IS I3"7 ... 32 3 N. ... 4, 2 50 m 
V L eonis .. . 
U Coronre .. . 
T Herculis .. . IS 4'9 ... 3I oN. .. . 7, m 
B Lyrre ... 18 46·o ... 33 I4 N. 4, 22 30 M 

8, 4 0 "'· 
R Lyrre 18 sz·o ... 43 48 N. 5, lli 
Y Cygni 20 47·6 ... 34 I4 N. 4, 5 40 m 

. " 7. 5 40 1tl 
5 Cephe1 -· ... 22 25·o ... 57 51 N. ... , 7, 3 oM 

M signifies maximum ; nz minimum; 11z2 secondary minimum. 

GEOGRAPHICAL NOTES. 
paper_ read at Monday's meeting of the Royal Geo

:Waphlcal was by Captain Vangele, giving an account of 
his exploratiOn of th<: Welle-Mobangi river, the great northern 
tnbutary of Congo. His first exploration was made in the 
-end of I886 m a flat-bottomed-boat, the H em)' R ead, with a stern 
paddle-wheel. On this first journey Captain Vangele did not 

in getting beyond Mr. G renfell 's furthest, the Zongc 
J!-al!s, JUSt :where the river turns sharply to the east. He gives 
an mterestmg _account of the Ba-Ati, the people who inhabit the 
banks of nver, who _are in every way of a superior type, 

though canmbals. A httle d1stance ahove its month the Mobangi 
?r U bang1 me_asures about 2730 yards in breadth; its greatest depth 
1s 5 fa thoms, Its lowest I fathom ; it flows at the rate of 3% feet a 
>econd. Under the 4th degree, below the rapids, it still has 
a breadth of I300 yards, a depth ot 4 fathoms, and a velocity of 
4 a _se:ond. these two J->Oints, though continually 

m breadth, It never exceeds about 4000 yards, including 
the Islands. The general appearance of the river is pretty much 
the same as that of the Congo near Bolobo-strewn with islands 
and having low wooded banks. The colour of the water is 
light brown. Vangele's second journey was made a 

later, and w1th better means of forcino- his way up the 
rap1ds of the Mobangi. This time, he encountered 
severa_l obstacles, he managed to push his way up 
the n ver to 22° E. longitude, and to •within sixty 
mtles of Junkers furthest point on the Welle. This has been 
a ccepted as clearly proving the identity of these two rivers so 
that the prob_lem of the \Velie may be regarded as 

At hts furthest pomt[Captain Vangele had to turn back 
owmg to the hostility of the natives, the only instance in which 
he met with real opposi!ion: Between rocks and islands, rapids 
and the ?f the lower Mobangi is beset 
wllh dlfnculttes, though 1t IS ev1dently practicable with suitable 

and a thorough knowledge of the river. The river is 
-subject to great variations of level, according to the season of 
the year. _Above the Zongo Falls, the people, named Bakombe, 
dtffer cons1_derably frotn those on the lower river, and evidently 
-spread mland._ From above the Zongo rapids the river opens 
out, stra1ght from the north-east, and the outlook is 
descnbed as superb: It is free from all obstacles, from 900 to 
·1000 yards wtde, w1_th a depth of fathoms, flowing between 
banks 6 to 10 feet gr:'-ssy plains alternating with clusters of 
trees. After thirty rmles m the north-east direction the river 
turns due east, which direction it maintained to the end of the 

!7'0 miles. The banks are densely inhabited, and pro
VISIOns all kinds aJ;>ound. Betwee!' the Zongo Falls and the 
_steamer s furthe?t P,?mt only one tnbutary was met with-the 

.rom the north. After the paper was read, 
Str _Francis De Wmton made some remarks with regard to the 
posli_JOn of Mr. Stanley. He totally disbeli eves the conjecture 
of Lteut. Baert that Stanley has any intention of taking Khar
toum . On the contrary, Sir Francis believes he is now on his 
way home by the east coast. 

IN the l_ast issued number (4• trimestre, I888) of the Bulletin 
-of Pa_n s Geographical Society will be found a very complete 
exammat10n of the route for a proposed Euphrates Valley Rail
way, by ::vl. A. Dumont. M. Adrien Blonde! contributes a 

detailed account of the Island of Reunion. :\I. Jules Marcou, 
in hi s paper on the origin of the name of America , 
dectdes agamst Vespucci and in favour of an abo rig inal place
nan1e. 

IT has been a rranged that the eighth German Geoo-raphe;zta" 
shall be held a t Berlin from April 24 to 26 next. " " 

THE Ceylon Observer states that Mr. Stephens, who bas recently 
been amongst of _Ceylon, and who subsequently 
explored N ew_ Gumea, 1s n_ow m on his way to Singa
pore to orgamze an expedition at the mstance uf P rof. Virchow 
to explore th e unknown portions of the Malayan Peninsula. :VIr. 
Stephens 's instructions are to start from Malacca and travel north
north-west through the vast expanse of unexplored territory which 
stretches northwards for some 500 miles. There a re on the coast 

mines and plantations, b ut the greater 
portion of the mtenor has been hitherto unexplored. The 
inhabitants a re said to be jealous and bloodthirsty.-

M.LCEWY'SINVENTIONSANDRESE ARCHES.t 
IT is now my pleasing duty to lay before you the o-rounds on 

which the Council have awarded the gold to M. 
Maurice L cewy for his. invention of the equatorial coude, of a 
new method of determining the constant of aberr ation, and for 
his other astronomical researches. 

On examining the series of memoirs in whi ch M. L rewy has 
set forth his new methods of astronomical resea rch, we are at 
once impressed by the originality of conception which charac
terizes all his ideas, and by the thoroughness with which he has 
worked out the details necessary for the practical application of 
his new methods of observation. Observational astronomy has 
for many years past proceeded on such well-defined lines, that 
we have not unnaturally come to look rather to improvements 
of detail than to the introduction of new instruments for the 
"dvancement of our knowledge. It is, therefore, a matter of 
great satisfaction to find that M. Lcewy has placed at our dis
po_sal va rious methods of obser_vation based on entirely new 
pnnctple>, and calculated to gtvc astronomers improved and 
quite independent means of attacking several of the most 
important problems in our science. 

The first of these new instruments with which I will deal is 
the equa tori al cou de. 

It was in the year I87I that M. L cewy proposed his new form 
of equat.:>rial, to which the name of " equatoria l coude" has 
been given, a nd M. Delaunay, then Director o f the l'aris 
Observatory, was so struck with the value of the principle that 
he arranged for the construction of an instrument on this plan. 
M. D elaunay's death, however, inten-npted the work, and the 
first equatorial coudf, having an object-glass of o ·27 metre, or 
about inches aperture, was not completed t ill the year rS82. 
The success of this instrument was so marked that its value could 
not fail to be recognized, and it was not long before the con
struction of several larger equatorials on the same principle was 
commenced. At the present time six equatorial coudds have 
been completed, and four of these are already mounted and in 
regular use at the Observatories of Paris, Lyons, Besanrron, and 
Algiers. The other two are intended for the O bservatories of 
Paris and Vienna. 

In principle the equatorial coude may be described as an 
adaptation of the form of transit instrument with axial view to 
the requirements of an equatorial, by the addition of a plane 
mirror inclined at 45° outside the object-glass, this mirror being 
capable of rotation about the axis of the telescope, so as to 
reflect into the la tter the rays from any obj ect in a perpendicnlar 
plane. The axis of the instrument is mounted as a polar axis 
between two piers, the telescope being broken at a right angle 
near the lower pivot, so that the rays from the object-glass are 
reflected by an internal mirror up the polar axis to the hollow 
upper pivot, where the image is formed. The rotation of the 
outer mirror thus brings into the field the image of any object 
in the hour-circle perpendicular to the object-end of the tele
scope, and by the rotation of the polar axis, as in an ordinary 
equatorial, the telescope is directed to any hour-angle. The 
declination-axis in the equatorial coude is the axis of the object
end of the telescope about which the outer mirror turns, and the 
declination-circle placed at the eye-end, in the same plane with 

1 delivaed by the Pre <>ident of the R oyal Astronomical Society, 
1\rtr. W. H. l\1 . Christie, F.R.S .. A stronomer-Royal, on pre::;enting the Gold 
Medal of the Society to .M. M. Lcewy at the anniversary meeting on February 
8, J88g. 
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the hour-circle, is connecterl with the axis of the outer mirror 
by gearing, so that the observer at the stationary eye-piece has 
both the hour and declination circles immediately under his eye. 
He can thus direct the instrument to any object without moving 
from his chair, and his observations are made under the most 
favourable conditions for his own comfort, similar to those under 
which the microscope is used by the student of natural history. 
The observing-room, which may be artificially warmed, is quite 
separated from the object-glass, and other external parts of the 
instrument. These latter are protected from the weather by a 
suitable hut, which can he rolled away on rails before observ
ing, so that the optical parts of the equatorial are in the open 
air under the best conditions for establishing an equilibrium of 
temperature. 

The importance of obtaining the favourable conditions for 
observation secured by M. Lcewy's equatorial coud! has long 
been recognized, and various attempts have beer: made to enable 
the observer to command any part of the sky without changing 
his position. In 1858, Dr. Steinheil proposed 1 a new method of 
mounting a reflector, so that the axis of the concave mirror 
formed the polar axis, the rays from a star being reflected down 
the axis to the concave mirror by a plane mirror, which could be 
rotated abo?t a declination-axis and a polar axis. The observer 
looked down the polar axis through a hole in the plane mirror, 
but with this arrangement he could not observe stars much north 
of the equator unless the plane mirror were made very large, 
and the range of the equatorial was thus very restricted. A 
more extended range might be obtained by interchanging the 
concave and plane mirrors, so that the observer would look up in 
the direction of the pole; but the concave mirror and its support 
would block out the view of the region near the pole, and of 
all the sky below the pole. Sir H. Grubb has applied the 
same principle to the construction of a siderostatic refractor. 

As compared with Dr. Steinheil's form, the equatorial coud! 
possesses the great advantage of commanding every part of the 
sky, the arm of the telescope below the elbow being made long 
enough to project beyond the sides of the observing-room when 
viewing objects near the meridian. 

The siderostat of Foucault, though useful for many purposes, 
is open to the same objection as Dr. Steinheil's, of not permitting 
of a view of every part of the sky ; and there is the further 
difficulty that the apparent direction of the diurnal motion is 
continually changing. In the equatorial coud! this direction 
changes with the declination, but M. Lcewy has now arranged 
that the micrometer is turned with the declination-cirCle, and is 
thus always set to the zero of position-angle. 

The success obtained by M. Lcewy in the construction of the 
equatorial coud! is due to the following circumstances :-

(I) The absence of flexure in the mirrors, which are made 
much thicker than usual. 

(2) The more perfect achromatism secured by the greater focal 
length which this form of mounting allows of. 

The first condition was established by careful experiment, 
which showed that in order to avoid deformation by flexure the 
thickness of a mirror should be between one-fifth and one-sixth 
of the diameter, instead of one-ninth or one-tenth as had been 
usual hitherto. 

As regards achromatism, M. Lcewy urges that, in order to 
be able to see better with a larger object-glass, the achromatism 
must be made more perfect, and that, therefore, the ratio of 
focal length to aperture must increase with the aperture in order 
to diminish the effect of the secondary spectrum. 

Notwithstanding the two reflections, the definition obtained 
with the equatorial coud! appears to be very good, the com
ponents of "'Leonis, distant only o''·s, having been separated 
with the Paris instrument, which has an object-glass of 0'27 
metre or about inches. With one of the new instruments of 
0'31 metre, or I2t inches aperture, M. Trepied, at Algiers, easily 
divided -y' Andromedre. The loss of light by the two reflections 
from silvered mirrors is computed by M. Lcewy at only 12 per 
cent., and it would seem that it is at any rate very small, as suc· 
cessful observations of a minor planet of 13 · 5 magnitude were 
obtained with the Paris instrument as well as of very faint 
nebulre and comets. The comet 1885 d (Fabry) was discovered 
with this instrument. 

One of the objects which M. Lcewy had in view in planning 
his equatorial coud! was to obtain greater stability than is 
attainable with ordinary equatorials, and to make the measure
ment of large angular distances possible. The form of mounting 

,t_ Astron. Nacltrz."chten , No. II)8; Montltly NoNas, voL xix. p. s6. 

of the equatorial ccud! seems peculiarly adapted to give great 
stability, provided the fixity of the mirrors in their cells can be 
secured, and this is a condition to which M. Lcewy has given 
special attention. Each mirror rests in its cell on thick felt or 
flannel, and is held by three clips, which are just brought into 
contact with it when in the horizc:ntal position, as tested by the 
disappearance of the least trace of light between the clip and 
its reflected image. This adjustment being made for the hori· 
zontal position, in which the weight of the mirror has its full 
effect, perfect contact between the mirror and its clips will be 
maintained in all positions. 

M. Lcewy, in conjunction with M.P. Puiseux, has investigated 
very completely the theory of the instrumental adjustments of 
the eq natorial coud!, including the effect of flexure of the polar 
axis and of the telescope arm, and has shown the relation of his 
formulre to those for ordinary equatorials. He arrives at the 
two following conditions of optical adjustment as sufficient for 
astronomical purposes :-

( 1) The axis of the telescope arm should be perpendicular to 
the polar axis. 

(2) The interior mirror should reflect to the centre of the field 
a ray entering the telescope along the axis of the arm, supposed 
to be perpendicular to the polar axis. 

The discussion of the instrumental errors of the Paris instru
ment, partly by astronomical observations, and partly by means 
of a collimator attached to the mounting of the exterior mirror, 
shows a very satisfactory acconlance in the determinations on 
different days, and in the result the instrumental errors were 
found to be very small, the largest amounting only to 23". The 
coefficients of flexure are, however, rather larger quantities, 
being 91" and 53" for the polar axis and telescope arm re· 
spectively, as found by means of the collimator. It may be 
expected that in the new instruments the effects of flexure would 
be very much less, as important improvem.ents have been made 
in their mechanical construction. 

It is not a little remarkable that the first instrument made on 
this new principle should have given such excellent results, both 
optically and mechanically ; and its success is evidence of the 
thoroughness with which M. Lcewy has worked out his idea, and 
of the skill with which MM. Henry and M. Gauthier have re
spectively carried out the optical and mechanical portions of the 
instrument. 

I now pass on toM. Lcewy's new method of determining the 
constant of aberration. It is hardly necessary to insist on the 
importance of this constant, not only for obtaining the 
positions of the stars, but, in a higher degree, the 
tion of the solar parallax by means of the veloctty of It 
must be admitted that the nine independent determinatiOns of 
the constant of aberration made at Pulkowa with three different 
instruments show a satisfactory accordance, but in the opinion 
of M. Nyren, who has published the latest researches on 
subject, none of these can be asserted to be free from systematiC 
error. M. Nyn!n's definitive value is 20"·492, exceeding by 
o"·o47 W. Struve's original value, which has hitherto been 
generally used by astronomers. Under these circumstances, 
Lcewy's method, which is based on differential measures 
an equatorial, constitutes a new departure of great va!ue m 
astronomy of precision, and its value is enhanced by the cucum
stance that it is also applicable to the determination of the 
constant and law of refraction. 

The principle of M. Lcewy's method is the measurement of 
the angular distance between two stars by means _of a double 
mirror, formed by silvering two faces of a large pnsm of glass 
and placed in front of the object-glass of an equatorial. The 
double mirror is capable of rotation about the axis of the tele
scope, so that by reflection from the two silvered surfaces the 
images of two stars in different parts of the sky may be brought 
into the field side by side, and the distance between them 
measured in the direction of the common plane of reflection. 
In his memoir on the determination of refraction by the new 
method, M. Lcewy proves that the projection of the distance 
between the two images on the trace of the common plane of 
reflection is independent of the rotation of the equatorial, of any 
movements of the double mirror, and of the displacement of the 
images by the diurnal motion, when the observation is not made 
rigorously in the plane of reflection. 

M. Lcewy's exposition of his method of determining the con
stant of aberration is contained in a series of communications 
made to the French Academie des Sciences and published in the 
Comptes rendus, vols. civ. and cv. In giving an account cf this 
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investigation, I will proceed at once to the general method for I that between the two stars in each pair. He then gives the 
determining aberration, which M. Lcewy discusses after treating following table of the ahituu·e It and of the effect of aberration 
some special cases. E · . 1 f h d bl 

The determination of aberration requires the measurement of 1 k corresponumg to the several values- of the ang e o t e ou e 
the distance between a pair of stars at successive epochs when mirror "' :
the effect of aberration on the angular distance is reversed. The 
observations are made when the two stars have the same altitude, "' 55°' 

so that the effect of refraction is a minimum, and the comparison ;. 24° 24-' ' rgo 12' 

E of the two measures gives a multiple of the constant of aberra
tion, which is independent of all instrumental errors and also of 7i 

2'0 2'6 3'3 6·o 

precession and nutation, as the distance between two stars is M. Lrewy concludes that the angle of the double mirror 
unaffected by any movements of the earth's axi' or of the ecliptic. should not exceed 50°, and he considers that, on the whole, it 
There is the further advantage in the new method, that the effect would be well to make it 45°, so that the altitude of the stars 
of aberration as measured is much greater than in the ordinary would be 30°, and the angular distance for each pair 90°. Under 
methods of observation. these conditions, observations made at two epochs si,; months 

But the result might be affected by change of refraction or by apart would give as the quantity measured four times the con· 
alteration in the angles of the double mirror resulting from slant of aberration, while the ordinary methods of observation 
thermal expansion between the two epochs of observation, and only give at the maximum a measure of twice the constant. But, 
M. L cewy has therefore imagined a general method of obser- in order to avoid daylight observations, M. Lcewy thinks it 
vation which eliminates any possible efiects of the kind, as well would be advisable to be satisfied with a slightly smaller co
as methods applicable to special cases which determine any efficient of k (the constant of aber<ation), say three instead of 
changes due to refraction or expansion of the mirror. four, which would reduce the interval between the two epochs 

The essence of the general method is that two pairs of stars to about ninety-eight days; and, by combining the observations 
are observed, the four stars being selected so that at the time of in the first five weeks with those in the last fi ve, a series of 
observation they are all simultaneously at the same altitude, and equations would be obtained, in which the coefficient of kwould 
that the effects of aberration on the two arcs connecting the vary from three to one, the mean value being- about two. All 
stars of each pair are large and of opposite sign. Thus the the observations could then be made in the night hours. 
two arcs formed respectively by the two pairs of stars are Besides the general method of observation just described, M. 
compared simultaneously both at the first and at the second Lcewy has, as already mentioned, devised two methods applic· 
epochs. able to special cases which are well suited to give independent 

The first point for investigation is the effect of aberration on determinations of the constant of aberration. 
the angular distance between a given pair of stars. From the "The first method consists in the observation of two pairs of 
·geometrical conditions, M. arrives readily at the result stars, of which one pair gives, at the end of two or three months, 
that the effect is proportional to the cosine of the angle be· the measure of twice the constant of aberration, and the other, 
tween the median 1 of the arc and the direction of the earth's completely unaffected by aberration, exhibits the effect of tern
motion. perature on the double mirror. The· first pair of stars should 

Calling A the angular distance between two stars, p the angle be in the neighbourhood of the ecliptic ; the second pair is, as 
between the median of the arc joining them and the direction of will be seen from geometrical considerations, to be chosen so 
the earth's motion, and k the coefficient of aberration, the effect that the latitudes of the two stars are the same, and that their 
of aberration is given by the formula- longitudes differ by r8oo, in order that the arc joining them may 

dA = ·2k cos p. 
2 

It readily follows from this that the effect of aberration on 
the difference of the two arcs connecting two pairs of stars 
will be greatest when the two medians are on the same vertical 
circle on opposite sides of the zen ith. Under these circum
stances, the effect of aberration on the difference of the two .arcs 
is equal to 

4k sin sin L, 
2 2 

!>.'being ihe angular distance between the two medians, and L 
the angle between the direction. of the earth's motion and the 

of of the vertical plane through the medians 
wllh honzon. Thus the effect is proportional to the cosine 
of this angle, and the greatest effect will be obtained when the 
vertical plane of the medians, the ecliptic and the horizon inter
sect in the same line, and the observations are made a t the two 
epochs six months apart when the direction of the earth's motion 
coincides with this line, L having the values oc and 180° at the 
two epochs respectively. In that case the effect of aberration on 
the difference of the two arcs has opposite signs at the two 
epochs, and the comparison of the two sets of measures of the 
two arcs gives 

E = 8k sin 
2 2 

where E is the of the two measures of difference of 
arcs at the first and second epochs respectively. 

The next point for consideration is the choice of the angle for 
the double mirror, their angular distance (A) between the two 
stars each pair twice this angle. Obviously 
the altitude at wh1ch the observatiOn of the four stars is made 
dimi_nishes as A and A' increase, and M. Lrewy shows that the 
m;u1mum effect at given altitude is obta!ned by making 
!>. =A, or the angular d1star.ce between the medians the same as 

1 The median is the line bisecting the angle between the directions of the 
wo stars. 

be unaffected by aberration. 
This ·method is, however, not applicable at observatories 

within 20° of the equator, and on this account, as well as to 
give another independent determination of the constant of aber
ration, M. proposes a second method, according to which 
the angular distance of a single pair of stars near the ecliptic is 
to be observed for a period of three months or longer, the mea
sures in the first and last twenty-five days of the period being 
used to determine the aberration, and those in the intermediate 
forty days to deduce the effect of temperature on the double 
mirror. 

The question of the adjustment of the double mirror remains 
to be mentioned. This must be mounted so as to turn about the 
optical axis, and this axis should coincide nearly with the axis 
of figure. The effects of any movements of the double mirror 
will then be as follow :-

(I) In turning round the axis of figure the two images are dis
placed in opposite directions, but perpendicularly to the trace 
of the common plane of reflection. 

(2) In turning round an axis in this plane and perpendicular 
to the axis of figure the two images move in the same direction 
perpendicularly to the trace of the plane of reflection. 

(3) If the double mirror turns about an axis perpendicular to 
the plane of reflection, the two images move along the trace 
without changing their relative distance. 

Reference has already been made to the applicability of M. 
Lcewy's new method to the determination of refraction at various. 
altitudes. This was, in fact, the immediate object which 
M. Lrewy had in view when he devised the method, and his 
investigation of the conditions of the problem was communicated 
to the French Academie des Sciences early in r886, the year 
before he published his memoir on aberration. 

In his series of papers on the determination of refraction pub
lished in the Comptes rendus, vol. cii., M. first gives a 
method for determining the constant of refraction, the law 
according to which refraction varies with · the altitude being 

. known. A pair of stars is obse•ved when refraction. has its 
maximum effect on their angular distance, and again when the 
effect of refraction is a minimum. For the maximum effect one 
of the stars must be on the horizon, and the other in the same 
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vertical circle with it, while for the minimum both stars must be 
at the same altitude. M. Lcewy then finds that the greatest 
variation of refraction will be obtained with an angle of 30° for 
the double mirror, but as with this there would be (for the 
latitude of Paris) a minimum interval of 6h. 35m. between the 
two epochs of observation, he prefers to take an angle of 45o for 
the double mirror, sacrificing only 15" in the effect of refraction, 
while reducing the interval between the observations to 4h. 44m. 
This is the minimum value of the interval found by selecting 
the pair of stars so that their common zenith distance at the 

epoch is equal to the angle of the double mirror, or half 
the angular distance between the two stars. 

The geometrical conditions thus found by M. Lcewy to give 
the maximum effect in the minimum interval of time between 
the observations may be somewhat modified in practice, provided 
the angular distance between the stars does not differ by more 
than a few minutes from twice the angle of the double mirror. 
M. Lcewy has thus been able to find some twenty pairs of bright 
stars suitable for the determination of refraction by this method. 
In its practical form the method consists in the measurement of 
the angular distance between a pair of stars goo apart when one 
of the stars is near the horizon and the other near the zenith, 
and again when both the stars are at about same altitude. 
It is not necessary that at the former epoch the low star should 
be very near the horizon, for, as M. L cewy points out, observa
tions may be advantageously continued till the altitude is nearly 
20°, and thus the constant of refraction may be determined from 
observations which are practically unaffected by any uncertainty 
in the law of refraction. 

It will readily be understood that the observation of the low 
star may be made either when it is rising or when it is setting. 
In the latter case the observation of the stars at equal altitude 
would precede that for which one of the stars is setting. By 
combining the observations of two pairs of stars chosen so that 
the first pair is rising when the effect of refraction on the second 
is a minimum, and that the first pair is at the minimum when 
the second pair is setting, the influence of any change in the 
angle of the double mirror will be eliminated by taking the 
mean of the two determinations, while the difference of these 
will give times the change of angle in the interval, thus 
affording a precise determination of any such change, if it 
exists. 

V arions other methods are proposed by M. Lcewy for deter
mining the refraction at any altitude without assuming its Ia'':' of 
variation. These methods, however, appear to involve pract1cal 
difficulties, as they either assume the absence of irregular varia
tions in the refraction at an altitude of I0°, or require the 
construction of several double mirrors with different angles. 
They may be considered as supplementing the first method ; and 
they are of interest as giving a direct measure of refraction 
independently of any theory. 

The practical determination of the constants of aberration and 
refraction by the new method is being carried out by M. Lcewy 
and M. P. Puiseux with the equatorial coude of the Paris Obser
vatm·y, and the series of observations made during the past 
twelve months confirms in the most manner the 
theoretical conclusions. M. Lcewy finds that the variations of 
the distances are really free from systematic errors, and he con
siders that the constant of refraction will be more accurately 
determined from a few nights' observations with his new method 
than from years of meridian observations. 

In conclusion, I can only allude in the briefest terms to the 
other important researches for which astronomers are indebted 
toM. Lcewy. The follo wing is a s.umm ary of the other :'-ew 
methods of instrumental research wh1ch M. Lcewy has dev1sed 
in the last few years :--

(r) A method for determining the flexure of transit-circles at 
various zenith distances by means of an optical apparatus inserted 
in the central cube. This has been used to find the flexure of 
two transit-circles at the Paris ·observatory, the absolute values 
of the flexure for the two ends of the telescope and for the axis 
being independently determined. 

(2) A method for obtaining the latitude without making use of 
the declinations of fundamental stars. 

(3) A general method for determining right ascensions without 
relying on assur.;ed right ascensions of polar stars. 

(4) A method for finding on each night the absolute declina
tions of stars without the r.ecessity for observations of polar 
stars at upper and lower transit. I 

(5) Methods for determining directly the two co-ordinates of 

polar stars without a previous investigation of the instrumental 
errors. 

All these methods except the first are based on the obserYation 
of close circumpolar stars in R.A. and N. P.D. out of the 
meridian at Yarious points of the circles described by them. 
Conjugate observations either of a single star or of a pair o! 
stars having the same N.P.D. are made with a transit-circle, 
having a field of view of 2°, at equal intervals (about two hours! 
before and after meridian passage or before and after passage 
over the hour-circle of 6h. east or west. The special methods 
of observation are developed in a series of communications to the 
French Academie des Sciences made in the years r883 and 1885, 
and during the last two years M. Renan has applied these new 
methods to a determination of the latitude of the Paris Observatory 
based on eighty very accurate results. 

The account which I have given of M. Lcewy's inventions and 
researches is necessarily very imperfect, and I have had to pass 
over many points of interest in the application of his methods. 
But I trust that the summary I have made will at any rate 
suffice to show the very high importance of M. Lcewy's labours, 
and that they fully deserve the recognition which is to-day 
given to them, whether we have regard to the originality of the· 
methods or to the value of the results which are to be obtained 
from them. 

STRUCTURE, ORIGIN, AND DISTRIBUTION 
OF CORAL REEFS AND ISLANDS.> 

THE picturesque beauty of the coral atoll, seated 'mid a waste 
of troubled waters, with its circlet of living green, its quiet, 

placid lagoon, and its marvellous submarine zoological gardens, 
has long been celebrated in the descriptions of voyagers to 
tropical seas. The attempt to arrive at a correct explanation of 
the general and characteristic form and features of these reefs 
and islands has, for an equally long period of time, exercised the 
ingenuity of thoughtfulmen. 

Coral reefs are the most gigantic and remarkable organic 
accumulations on the face of the earth. They are met with in 
certain tropical regions, and are huge masses of carbonate of 
lime, secreted from ocean waters by myriads of marine organisms. 
\Vhile the great bulk of the reef consists of dead corals, skeletons, 
and shells, the outer surface is clothed with a living mantle of 
plants and animals. This is especially the case on the outer and 
seaward face of the reef, where there are, at all times, myriads 
upon myriads of outstretched and hungry months, and not the 
least interesting questions connected with a coral reef are those 
relating to how these hungry mouths are satisfied. 

It is to the power of these organisms of secreting carbonate of 
lime from sea-water-building up and out generation after genera
tion on their dead selves-that the coral reef owes its origin. 
So wonderful and unique is the result, that combination for a 
definite end has sometimes been attributed to these reef-builders. 

There is, however, another process ever at work in the ocean, 
in a sense antagonistic to that of secretion of carbonate of lime 
by organisms, which has much to do in fash ioning the more 
characteristic features of coral reefs. This is the solution of an 
dead carbonate of lime shells, skeletons, and calcareous debris, 
wherever these are exposed to the action of sea-water. As soon as 
life loses its hold on the coral structures, and wherever these dead 
carbonate of lime remains are unprotected by rapid accumulation 
or crystalline depositions, they are silently, surely, and ste.adily 
removed in solution. This appears to be one of the best established 
oceanographical facts, and any theories concerning the general 
economy of the ocean which fail to take account of this 
agency are most likely to be at fault. We know something about 
the rate of solution, probably more than we do about the rate of 
growth and secretion of carbonate of lime by the coral Polyps. 
It has been shown that the rate of solution varies with tempera· 
ture, with pressure, and with the amount of carbonic a.cid 
present in the water. It is on the play of these two opposmg 

. forces-the one vital and the other chemical-and their varying 
activity in different regions and under different circumstances, 
that we rely for the explanation of many phen.o
mena, especially many of those connected wJth oceamc depos1ts 
and coral reefs. In some regions there may be more 
secretion, and deposition of shell and coral materials than solutwn 
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