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that the exceptional appearances were most probably 
due to the influence of the new Electric Railway, 
three miles in length, and having terminal stations in the 
City and at Stockwell. A comparison being mace be
tween the observed times of interference with the earth
current registers, and the published times of running of 
the Electric Railway trains, it was found that these were 
simultaneous. Further, in the early part of the year, 
during the period in which the earth-current registers 
were free from interference on Sunday, there were 
correspondingly no Sunday trains. But on Sunday, 
April 5, it appears that trains commenced to run on 
Sunday afternoon, the same day that Sunday inter
ference was first noticed at Greenwich. and these Sunday 

afternoon trains have been since continued. The whole 
matter is better seen in the annexed tabular statement:

Times of interference with 
registers at the 

Royal Observatory, 
Greenwich. 

On week days. 

From shortly before 7 
a.m. until shortly after 
II p.m. 

On Sundays, commencing 
Apnls. 

From about I p.m. un
til ro p.m. or shortly 
afterwards. 

Train service on Electric Railway. 

On week days. 

First train from Stockwell 
, , City 

Last train from Stockwell 
, City 

6.40 a.m. 
6.soa.m. 

10.46 p.m. 
ro.ss p.m. 

On Sundays, commencing April 5· 

First train from Stockwell 
, , City ... 

Last train from Stockwell 
City 

r.o p.m. 
r.s p.m. 
9.30 p.m. 
9.jo p.m. 

lHE ANNUAL VISITATION OF THE ROYAL 
OBSERVATORY. 

THE Report presented by the Astronomer-Royal this 
year is of more than usual interest. The first part 

deals with proposed new buildings. 
It has been decided that the museum or storehouse for 
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The line of the Electric Railway runs from about 
north-east to south-west magnetic, or more accurately 
the azimuth of the line, reckoning from magnetic north 
towards east, is about so'. The nearest earth-plate to the 
railway is the N.K.E.J. plate, which is distant from the 
railway, in a perpendicular direction from it, about 
miles. 

The correspondence so far as the comparison goes is 
complete. During the periods of interference the register
ing needles at the Observatory are in continual vibrati.>n. 
Whether the impulses are in one direction only or in both 
directions, and what is their frequency, cannot be readily 
determined from the registers. Eye observation of the 
needles may perhaps reveal something to us on these 

points. The abnormal excursions of the needles indicate 
a change of potential varying from a small fraction of a 
volt to perhaps the one-third of a \·olt or more. When any 
marked earth-current action arises, the interference be
comes in some degree neutralized, and less marked in 
character. 

It was found in the course of previous experiments, that 
when, instead of employing the complete A.W.-L.W. 
circuit, the A.W. branch only was allow.d to register, by 
putting the wire to earth at Greenwich, the amplitude of 
vibration of the needle was not perceptibly changed, 
neither was it changed when the L.W. branch only was 
allowed to register. Cr,rrespondingly, when the B. branch 
alone of the B.-N.K.E.J. circuit was allowed to register, 
the vibration was much diminished, whilst with the 
N.K.E.J. branch alone registering it was much increased. 

WILLIAM ELLIS. 

portable instruments and apparatus should be built so as 
to form the central octagon of a future cruciform struc
ture in the South Ground, which would accommodate the 
physical branch of the Observatory, and would carry the 
Las"ell equatorial and dome at such a height above the 
ground that the r.eighbouring trEes would not interfere 
with the effective use of the instrument. The building 
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for the Museum was commenced at the beginning of \ 
March. In consequence of a recent decision of the 
Admiralty to largely increase the number of chrono
meters and deck watches for the Navy, additional 
accommodation for chronometers is required imme
diately, the space in the present chronometer room being 
insufficient even for existing re:tuirements. 

In other directions the difficulty of providing in the 
existing Observatory buildings for the accommodation of 
the increasing staff and of the accumulating material is 
severely felt, and it is very desirable that the pressure on 
the space available should now be relieved by means of 
a comprehensive scheme, which would supply a suitable 
fireproof brick building to replace the wooden sheds and 
huts which now disfigure the Observatory grounds, and 
to provide for the expansion which has .taken place in late 
years, and which may be expected to continue in the future. 

To provide for the efficient working of the 28-inch 
refractor about to be mounted on the south-east equa
torial, the Admiralty have authorized the construction 
of a new iron-framed dome, 36 feet in diameter, to be 
erected on the south-east tower in place of the ex
isting wooden drum, which, as mentioned in the last 
Report, has been so much strained in the course of thirty 
years, that there is great 'difficulty in turning it. An 
attempt was made to render the existing dome more 
serviceable by bolting . the framework together more 
thoroughly, and by substituting properly turned spheres 
for the cannon-balls, but though the dome is not now 
liable to stick fast as formerly, it is still very difficult 
to turn, and cannot be considered serviceable. The new 
36-foot dome, which is being constructed by Messrs. T. 
Cooke and Sons, is of peculiar form, adapted to the 
conditions of the case, the diameter being greater than 
that of the tower on which it is erected. 

A photographic telescope with 9-inch object-glass by 
Grubb, and a prism of 9 inches diameter by Hilger, have 
been g-enerously presented to the Royal Observatory by 
Sir Henry Thompson. The telescope has been mounted 
on the Lassell telescope as a photoheliograph, to give 
8-inch pictures of the sun; a camera with Dallmeyer 
doublet (from photoheliograph No. 4), and an exposing 
shutter, specially designed to give very short exposures, 
being .attached to it. 

Six more electric hand lamps and an Ampere gauge 
(Sir W. Thomson's) have been purchased. 

In view of the advantage resulting from the use of 
electric lighting for the photographic equatorial and for 
other instruments, the Astronomer-Royal considers it 
very desirable that an electric light installation should 
be provided for the Observatory, so that this method of 
lig-hting, which is specially adapted to the requirements 
of an observatory, may be applied to the instruments 
generally. The system now in use, of charging storage 
cells from primary batteries, is necessarily extravagant, 
and it does not admit of the desired extension. 

\Vith regard to the work done, the following statement 
shows the number of observations made with the transit
circle in the year ending May 10, 1891 :-

Transits, the separate limbs being counted as 
separate observations ... 6036 

Determinations of collimation error ... 307 
Determinations of level error 390 
Circle observations -.. 5789 
Determinations of nadir point (included in the 

number of circle observations 387 
Reflection observations of stars (similarly included) 593 

For determining the variation of personal equation 
with the magnitude of the star, 324 transits, not included 
in the above, have been observed. The apparent magni
tudes of the stars are altered by placing a wire gauze 
screen in front of the object-glass of the telescope, and 
part of a transit is observed with clear aperture, part 
with obscured. The comparison of the two results gives 
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the difference of personal equation for a definite change 
of magnitude. It appears that all the four regular ob
servers record the times of faint stars later than bright, 
the difference per magnitude being about os or s. 

Altazimuth.-The total number of observations made 
in the year ending May ro, 1891, is as follows:-

Azimuths of the moon and stars 
Azimuths of Mark I. 
Azimuths of Mark II. ... 
Zenith distances of the moon 
Zenith distances of Mark I. 
Zenith distances of Mark II. 

253 
123 

193 
II!> 
124 
!88 

Reflex Zenith Tube.-Since the date of the last Re
port, 14 double observations of 'Y Draconis have been 
made and completely reduced to the end of 1890. M. 
Loewy's recent work seems to show that the determina
tion of the constant of aberration with this instrument is 
more trustworthy than had been supposed ; though the 
circumstance that the observations give a negative 
parallax for 'Y Draconis suggests that there is some 
unexplained source of error. 

Sir H. Grubb reports that the object-glass and tnbe of 
the 28-inch refractor are now practically ready for 
mounting; but the Astronomer-Royal proposes to delay 
this operation until the completion of the new dome on 
the south-east tower mentioned in the first section of this 
Report. 

Work with the I 3-inch photographic refractor was 
seriously delayed by the accident to the driving-clock, 
and, later, by the illness of Mr. Criswick ; but 8 r stellar 
photographs have been taken, all of which must be re
garded as more or less experimental. Ferrous oxalate 
development was used throughout, and all the plates were 
photographically impressed with the rtf.<eau kindly sup
plied by Prof. Vogel. The exposures have varied from 
a few seconds to about an hour ; and trails have been 
taken both on the equator and near the pole to test the 
adjustment for orientation. Several different kinds of 
plates have been used, including Cramer, Seed, Paget, 
Star, Mawson and Swan, and Ilford; and on the whole the 
choice seems to lie between the Star and the Ilford plates. 

Spedroscopic and Photographic Observations.-For 
determination of motions of approach or recession of 
stars, 286 measures have been made of the displacement 
of the F line in the spectra of 31 stars, and 14 of the 
b line in the spectra of 6 stars, besides comparisons with 
the spectra of Mars, the moon, the sun, or the sky, as a 
check on the general accuracy of the results. The series 
of observations with the r2i-inch refractor is now prac
tically completed, and the results are under discussion. 
An examination of those for the 21 stars most frequently 
observed shows that there is a systematic error depend
ing on the hour angle, thus necessitating a correction for 
the position of the spectroscope at the observation. 

In the year ending May 10, 1891, photographs of the 
sun have been taken at Greenwich on 224 days, and of 
these, 483 have been selected for preservation, besides 
rS photographs with double images of the sun for deter
mination of zero of position. 

Maxnetic Observations.-The following are the prin
cipal results for the magnetic elements for 1890:-

Mean declination I7° 28'·6 W. 
M h · t 1 { 3'9546 (in British units). 

ean onzon a orce I '8234 (in metric units). 

Mean dip 
21 i'g (by 9-inch needles). 
22 53 (by 6-inch needles). 
24 24 (by 3-inch needles). 

11-feleorological Observations.-The continuous regis
tration of meteorological phenomena has been maintained 
without interruption, except for fonr days in February 
when the old thermograph and shed in the magnetic 
ground were dismounted, and the new thermograph and 
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shed were transferred from the South Ground to the 
position formerly occupied by the old instrument, to 
make way for the new buildings in the South Ground. 

The mean temperature of the year r89o was 48°·6, 
being d ·6 below the average of the preceding 4'.1 years. 
The highest air temperature in the shade was on 
August 5, and the lowest I3°' I on March 4· This latter 
is the lowest temperature registered in March since I84I, 
being the same us that recorded on March I 3, I C\45. The 
mean monthly temperature in I89o was below the average 
in all months excepting January, March, May, and Sept
ember. In December it was below the average by I0°·o, 
and in January above by 5°'2. 

The mean daily motion of the air in I89o was 272 
miles, being Io miles below the average of the preceding 
23 years. The greatest daily motion was 837 miles on 
January 26, and the least 32 miles on August 6. The 
greatest pressure registered was 14·5 pounds on the 
square foot on January 26. 

During the year I89o Osler's anemometer showed an 
excess of about three revolutions of the vane in the 
positive direction N., E., S., \V., N., excluding the turnings 
which are evidently accidental. 

The number of hours of bright sunshine recorded 
during 1890 by the Campbell-Stokes sunshine inst rument 
was 1255 . which is about 35 hours below the average of 
the preceding I3 years, after making allowance for 
difference of the indications with the Campbell and 
Campbell-Stokes instruments respectively. The aggre
gate number of hours during which the sun was above 
the horizon was 4454, so that the mean proportion of 
sunshine for the year was o ·282, constant sunshine being 
represented by I. 

The rainfall in r 890 was 2 I ·9 inches, being 2·7 inches 
below the average of the preceding 49 years. 

The winter of I890-91 was remarkable for a long 
period of exceptionally cold weather which commenced 
on November 25, 1890. From this day till January 22 
the mean temperature on every day except January I3 
was below the average. The temperature was con
tinuously below 32° on November 27, z8, December ro 
to 19, 22, 23, 25, 28 to 30, J a nuary 2, 6 to 8, IO, II, I7 to 
19. The greatest defects from the average of :co years 
were on November 28 ( ·- I9°'I), December 22 ( -- 20°'7), 
and January IO (- I9°'3). The lowest temperatures re
corded during the three months were J8°'3 on November 
28, I3°'4 on December 22, and I2°'0 on January IO. The 
mean temperature of December I89o was 29°'8, or Ioc·o 
below the average of the preceding 49 years, the coldest 
December on record since r84I previous to 1890 being 
that of I879, whose mean temperature was 32'·4. In 
this same month, December I 890, only 211 ·4 of sunshine 
were recorded. 

Chronometers, Tz'me Sz'g nals, and Longz'tude Opera
tions.--The number of chronometers and deck watches 
now being tested at the Observatory is 169 (1 I3 box 
chronometers, 20 pocket chronometers, and 36 deck 
watches). The annual competitive trial of chronometers 
commences on July 4, and the trial of deck watches on 
October 24. 

The time-balls at Greenwich, Deal, and Devonport 
are next referred to. 

The reductions for the longitude Paris- Greenwich are 
now completed and ready for publication. In reference to 
the discrepancy between the results of the French and 
English observers, mentioned in the last Report, Com
mandant Defforges visited Greenwich in June IS9o, and 
went carefully through the reductions with Mr. Turner and 
Mr. Lewis. No mistake was found in the work, but 
several questions of some importance were raised. The 
results of the discussion and of subsequent correspond
ence are summed up in two papers by Mr. Turner and 
one by Colonel Bassot and Commandant Defforges. in 
the MontMy Notices of tlze Royal Astronomical Society, 
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vol. li. pp. I 55, 407, and 413 respectively. As the matter 
now stands, the English definitiYe result for the difference 
of longitude between the Greenwich tran sit-circle and 
Cassini's meridian is 9m 2o•·86, while the French result 
(not yet puhlished) is about o' 'I5 greater, a discordance 
which, though only about half of that found in the preli
minary discussion, is still so large, that there seems to be 
no alternative but to repeat the work with special precau

suggested by the experience )!ained. 
The proposal to determine the longitude of Montreal 

as the base station for the Geodetic Survey having been 
sanctioned by the Admiralty last December, a rrange
ments have been made in concert with Prof. McLeod, of 
the McGill College Observatory, Montreal, for a deter
mination of the longitudes Montreal-Canso-Waterville
Greenwich, the termini of the cable, Canso and 'Water
ville, being occupied as longitude and not merely as 
transmitting stations, a course which seems advisable in 
view of the great geodetic importance of these points. 
The necessary funds have been voted, and the Com
mercial Cable Company have generously granted the use 
of their cable. 

The determination of the longitude of \Vashington has 
been deferred for the present. 

During the past year, Lieutenants Heming, Monro, 
and Smyth, R.N ., and Captain Haynes, R.E., have at 
various times been instructed in transit-observing. Mr. 
S. Hirayama, of the Tokio Observatory, was at work for 
some weeks studying the genera l organization of the 
Observatory. 

. THE CLASS IFICATION OF THE TWVICATA 
IN RELATION TO EVOLUTION. 

r[ HE detailed classification of the Tunicata, and espe-
cially of the so-called "Compound Ascidians," has 

usually been found a matter of special difficulty by sys
tematists, and each successive investigator has discovered 
grounds for modifying in important respects the grouping 
of genera and families established by his predecessors. 
A glance at the systems of Giard, Della Valle, von 
Drasche, and Lahille, all of recent date (i.e. post-Dar
winian, and since the introduction of modern methods 
and the recognition of the Tunicata as Chordata), shows 
the notable wa nt of agreement between competent au
thorities. There is probably a special reason for this 
exceptional di versity of opinion, and I believe the cause 
is to be found in the course of evolution or phylogeny of 
the group, and especially in the complex relations be
tween the Compound forms and the other Tunicata. 

In fact, if the matter be regarded from the point of 
view of the consistent evolutionist, the special difficulties 
vanish, the complicated relationships between groups 
(which can only be represented by dendritic diagrams, 
or even in some cases by networks) become explicable 
and natural, the great diversity in value of the as
semblages of forms known as "genera" and " species" 
is simply what would be expected, and the differences 
between the various classificatory (allowing for a 
few errors which have been corrected by later investiga
tions) can be accounted for, and the conflicting opinions 
of the authors reconciled. But, on the other hand, if the 
subject be approached from the standpoint of the pure 
systematist, whose object is to divide and subdivide into 
clearly defined groups of approximately equal value, and 
to recognize only "good" genera and species, nothing 
but confusion results; it becomes practically impossible to 
distinguish and arrange naturally the groups of Simple 
and Compound Ascidians; and some of the most interest
ing and instructive points, such as the gradation of 
varieties into species and species into genera, and the 
individual variations in specific characters, are altogether 
lost sight of. 

These views were expressed partly in my Reports 
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