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ing, the pictnres being delivered the same night. 
The dynaino is run by a gay-engine; and it mas stated 
that more light conld be t l ~ u s  had from gas, than by 
burning it directly. Sixteen feet of gas per hour will 
develop one horse-power. 

Dr. W. A. Tiaill had a paper on the Portrush and 
Giant's Causeway electric tramway; and Mr. R. 
Smith, one on electric tramways. The former was 
accompanied by a wor l i i~~g  A review of pre- model. 
viously constracted roads was given, and the points 
of difference emphasized; and the commercial snc- 
cess of the road was announced. Owing to tlle 
interest created by this paper, and the first two, Pro- 
fessor Thompson's paper on dynamo-electric ma-
chines was left over. 

Mr. C. J. H. Woodbnry described the 'autoniatic 
splinkler ' systern in an American mill, and referred 
to a slo~v-burning construction of the latter, nhere 
heavy beams, widely separated, support a three-inch 
planl;ing, 011 which is laid the flooring of hard wood. 
A large numl~er  of sprinklers have bee11 c*iitically 
con~pared in  the interest of the insurance coml~anies; 
and tlie result of this r.vorlr showed a record favorable 
to the xalue of the apparatus, as it had operated 
in one 1111ndrecl and forty-one mill fires, without any 
instauce of total failnre except in t n o  i~ihtances, 
mheie the vater  snpply hail been shnt off fro111 the 
system. Tile sprinlclera rer re tested for sensitiveness 
by e.;po,ing the111 to a jet of steam instead of a fir?, 
because the foinier ismore regular in its action. The 

resistance of the soldered joints to shearing-stress was 
exceedingly variable, ranging from twenty-five hun- 
dred to seven tliousand pounds per square inch. 

The first attempts to make sprinlclers mere devoted 
to endearors to construct an arrangement for rigidly 
holding a valve to a seat; and, after these had proven 
failures, the method of soldering a cap over the 
sprinkler rvas next introdnced. Later, Mr. F. Grin- 
x~ell solved the problem, by placii~g the valve in the 
centre of a flexible diaphragm; and the arrangement 
of tlie parts was such that the water-pressure kept 
the valve shut until the soldered joint leaked, and 
then this same pressure forced the sprinkler open. 

Professor Osborne Reynolds discussed the 'friction 
of journals.' The report of a committee on lubrica- 
tion was referred to, and various m6thods of Inbrica- 
tion discussed. The method giving the b ~ s t  results 
is to let part of tlle shaft run in a bath of oil, mhicll 
is then suclied in by the action of the shaft. With 
oil fed by a siplion or a plain hole, the friction is 
seven or eight tinles greater; and, in one experi~uent, 
tlle oil was forced ont of the hole with orer t v o  bun-
dred pounds plesaure on a square inch. Professols 
Thurston mas called upon, and gare his experience 
with lubricants, confirming tlie statements of the 
paper, and referring to a case in which lie l ~ a d  used 
a pump to force oil to the jo~~rnals .  Evidently, if so 
much friction can be saved by copious and regular 
oiling, it might pay to supply jonrnals systeinatically 
with oil under pressure. 
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PROCEEDINGS OF THE SECTION OF 

JIA TI-IEdIATICS ilND BSTRONOI1IY. 


TEE first paper read in this section was by Prof. 
E. C. Pickering, upon tlie colors of the stars. The 
need of exact pllotometric measurement of different 
parts of their spectra mas first pointed out, and the 
author then described a very ingenious method of 
accomplishing this. I11 the telescope lube, a little 
beyond the focal plane, is a direct vision prism, so 
set as to give a spectrum extended ill declination; 
and on the preceding side of this pri-m is placed a 
piece of plane glass, whose edges are so gromld, that, 
mhen a small portion of the following side of the 
cone of rays falls upon it, i t  gives a sniall white 
ghost, just preceding the spectrum and alwajs oppo- 
site the same wave-length. In  the focal plane is one 
of Professor Pritchard's neutral-tint wedge pliotome- 
ters, and behind it a thin metal diaphragm with four 
long narrow slits parallel to the equatorial motion; 
so that, when the spectrum transits behind them, 
four little stars -a red, yellow, blue, and a violet -
shine through these slits, and the time of the disap- 
pearance of each, as they rllove towards the thiclzer 
edge of the wedge, measures its brightness. Prom 
these times may be deduced the magnitude and color 
curve of the star. To fix the same wave-lengths for 

each observation, tlie little white ghost is adjusted 
upon one of two parallel wires, which project out be- 
yond the preceding side of the diaphragm. For a snc- 
ceeding t~aus i t ,  tlie ghost is adjusted upon the other 
mire, half a slit-i~iterval distant, ancl thus eight points 
of the spectrum are photometrically measured. Pro-
fessor Young, of Princeton, spolie xery highly of the 
ingenuity and effectiveness of the device, especially 
for the systematic measurement of a large number of 
stars. H e  pointed out, however, what might be a 
source of error; viz., the different sensitive~less of 
different observers' eyes to different colors, so that  
they woalcl probably observe tlle times of disappear- 
ance of the four colored stars relatively slightly dif- 
ferent. 

The next paper, by Professor Daniel Kirlrwood, 
discussed the question mhether the so-called 'ternpo-
rary stars ' may be variables of long period, referring 
to the sornetiines-claimed identity of the temporary 
stars of 945 and 126-1 with the well-lrnomn Tycho 
Brahe's star, which blazed forth in Cassiopeia in 
1572, and whose position is pretty closely lmown from 
his measures. The conclusion reached was, that  oil 
account of the sudden apparition of the temporary 
stars, the short duration of their brightness, and the 
extraordina~y length of their supposed periods, they 
slioulcl I)e considered as d i~ t inc t  from variables. 
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Professor Mansfield Merriman, the author of the 
well-known trealise on 'Least squares,' proposed a 
criterion for the rejection of doubtful observations, 
fonnded upon IIagen's demonstration of the law of 
frequency of error, ~ r h i c h  was simpler than Pierce's 
or Chauvenet's. I t  involves, however, a determina- 
tion of what is the unit of increment between errors 
of different sizes, a thing difficult to determine in 
very nlany cases. Professor Harkness, of the Naval 
observatory, t l~ought  that in the case of a criterion for 
the rejection of doubtful observations, -upon which 
the rnost eminent rnathernaticiaus disagreed, --prac- 
tically every one was a law unto himself. He noted 
the rather cloubtful method of taliing n large number 
of shots on a target-board as a good illustration of 
the lam of frequeilcy of error, especially in any such 
case as that of long-distance shooting, where, on ac- 
count of the varying character of the !vind, the sliil- 
ful marksr~lan will frequently change his rifle-sights 
ail amount corresporidilig to Lrveilty or t l~ i r ty  feet on 
the  target,, and yet malie a co~uplete series of bnll's- 
eyes, or very close to it. Professor Rogers, of t,llc: 
Harvard college observatory, espressecl his disbelief 
in the efficacy of least squares to tell the truth, illus- 
trating it by several cases. For rejecting cliscorclant 
observations, he  referred to the late Professor Win- 
loclr's method of cletermining the personal habit aucl 
accuracy of each observer as a means of getting an 
empirical criterion. H e  closed wit11 ml expression of 
the opiriiori tlint the illethod of least squares ma3 a 
~net l~oi iof 'covering a multitutle of sins.' Professor 
Picliering said that me ]nust have some criterion, arid 
every oue would practically use one of some Itind. 
He referred to his plan of itsing ' average deviatiou ' 
as easier t.o compute than ' probable error,' and con- 
sidered five t,imes the average deviation a good limit 
for the rejection of discordant results. Professor 
Stone, of the University of Virginia, referred to the 
very common case of only three, four, or five obserra- 
tiorls of a star, where the data are not sufficient to 
apply any criterion, and to the ailvisabiiit,y, when it 
was 1)0ssible, of making inore observations to settle 
the question. Another spealrer referred to the im- 
portance of a special search for systematic abnor~nal 
errors. Proftssor Rogers referred to the nncertaiitty 
of trusting to the impressions upon one's seilses, ant1 
saicl that ill nine cases out of tell, where he tliouglit 
11e hael observer1 a transit over a particular wire too 
early or too late, it moult1 coirie out just the other 
way. Professor Hough, director of tlie Dearborn ob- 
servatory, thouglit an observer generally incapable of 
judging or weighting his observations according to 
his impressions. I n  the case of uncertain conditions, 
like an unsteady atmosphere, he thought it best to 
quit work anti wait for better. Professor Frisby,'of 
tile Xaval observatory, eml3hasized the danger of rc-
jecting observations, or forming any arbitrary liinit 
for this purpose. Professor Langleg, director of the 
,Illegheng observatory, l~oped that  further experience 
~rould  be given upon this question of trasting o~ie's 
own impressions in rejecting or weighting obserra- 
t,ions, as it was an  exceedingly interesting and im- 
portant one. Professor BIerriman, the author of the 

paper, referred to the importance of eliminating all 
sources of systematic errors so far as possible, and of 
separation into groups, for separate discussion, in 
order to discover such errors. Professor Rogers re- 
ferred to the various values of the solar parallax 
which had been deduced in one way or another by 
least squares, and allother speaker referred to t he  
hidden sources of error which least squares could not 
deal v i th .  Professor Paul, assistant astronomer a t  
the Naval observatory, said the method of least 
squares mas hardly receiving fair treatment i n  the 
discnssion, and thought the difficl~lty was that l~al f  or 
three-quarters of those who used tlle nletliod failed to 
bear in mind the theory 011 which it rested: that it 
only apglieil to purely accidental errors; ~vhctreas in 
Inore than half t<he cases i t  is actually applied to 
errors dist~,ibutecl round a point which is continually 
lnoviug or jumping, tlue to systematic sources of 
error or sudden disturbance, and that no attempt is  
made to discover and eliminate these systematic or 
srtddeii-j~~mpinggerrors, but least squares is applied 
ir~clisc~ a blindilniriately to the whole, with sort of 
f ; ~ i t l ~  poor ob- tliat it will briiig good results out o f  
scrratir~lls, :ind nlake it all right somehow. T-ie said 
that, intelligentlg' applied, the nlethod 110t only gave 
the most probable result, bnt fur11ishc.d the only 
measure of the exactness of the obser7-atiolts so far 
as accidental erlwrs were concenled, and at  the same 
time the nlost effective metliotl of d iscorer i~~gthese 
hidden sources of systematic error. P~.ofessor Stonc 
illnstra,ted this by the case of conibi~~ing many series 
of comet-observations, made at  different observa-
tories, into one orbit, without attenipting to discover 
any systematic errors in the series of tlie differellt 
observers. The discussio~i was closed by Professor 
Eddy with remarks npon the necessity of soine cri- 
terion ilepenclent upon the results themselves, and 
inclependent of the observer's arbitrary judglnent. 

Professor Pickeriirp then rear1 mother paper upon 
sgstclllatic errors ill stellar magnitudt~s, showing, 
~vithout any questiou, that tlre mag~litudes of all 
the star-catalognes froni tliat of Ptolemy r1onrn to the 
great ~ o r l i  of Argelander in the Durchmnsterung- 
all depending u ~ o ~ i  -are systenlalically eye estimates 
affectptl by being in, or close to, the Milliy Way; they 
all being ctstiniated too faint, ant1 the error amonllt- 
ing to about half a rna,onitude in the l\lillry Way 
itself. 7'11is arises fro111 tlie brightness of tlie hael;- 
gro1111t1 npoil ~vllicli the star is viewed. 111 the Ilar- 
vard l>llotonletrg~,meawres, this source of error is 
avoided; since, in the con~parison of each star y i th  
the pole-star, the two fielrls are superposed, and their 
addcel brightness affects both stars alike. 

Prof. ,\C. \V. Harringtoii, clirector of the Ann Arbor 
observatol,y, read a paper upon tlie asteroid ring. 
He showed that the representative average orbit 
mould be an ellipse of srnall eccentricity, with semi- 
major nsis equal to about 2.7 times that  of the earth, 
and inclined to the plane of tlre ecliptic about lo; 
and that, in the progressive discove~g uf these sn~al l  
bodies, the average inean distance had gi,adually in- 
creased, but now seemed to have reacher1 its linlit. 
011the assumption that the surfaces of all tlle aster- 
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oids have the same reflecting power as Vesta, Pro- 
fessor Harrington reaches the conclnsion that tlie 
vol~ime of Vesta is about p; that of all these 230 
bodies put together, and that Vesta and Ceres to-
gether form almost one-half the total volume. 

Professor Rogers of tlie Harvard college observatory 
then read two papers. The first one, upon the mag- 
nitude of the errors which may be introduced in the 
reduction of an  observed system of stellar co-ordi- 
nates to an assumed normal system by graphic meth- 
ods, showed a great anlount of Iabot~ious research, 
and was a good illustration of the vast arnount of 
monotonous work necessary ill the present stage of 
astronomical observation in order to reach the highest 
degree of accuracy attainable by tne search for and 
elimination of minute systematic errors. His next 
paper mas upon the original ~.raduation of tlie Har- 
vard college me~,idian circle in situ. This described 
a method of turning a ~neridian circle throt~gh any 
desired constarrt arc up to about SO0 without any 
dependence upon the circle and reading microscopes, 
effected by means of an ann swilrging bet,ween fixed 
stops, and clamping to a circular ring on tlie axis by 
an  electro-magnetic clamp. IVith this Professor Ro- 
gers claimed to be able to set off a co~istant arc through 
as rnaliy as five Ihousand successive movernents of 
tlie clalnpil~g arm. The ingenious method suggested 
and carried out by Mr. George B. Clark, of the firm 
of Alvan Clark & Sons, of grinding the clamping 
circle to a pel,fect circular form ~vhile the telescope 
was swung round in its Y's, was fully described, and 
also Professor liogers's method of arresting the mo- 
ment11m of tlle telescope at  the stops by water-buffer 
plungc?rs. Tlie great advantage of thus being able to 
set off a constant arc independent of the circle and 
microscopes was pointed out, with especial reference 
to the investigation of division errors and flexure of 
circle, and also to the division of the circle itself i n  
s i tu ;  i.e., rnounted on its axis and v r n i n g  on its 
pivots. Professor Young called attention to the 
necessity of guarding against expansion and contrac- 
tion of the bar holding the stops, due to radiation 
from the observer's body. 

Rlr. S. C. Chandler, jun., of the I-Iarvard college 
observatory, gave the results of observations and ex- 
periments mith an ' alnlucantar ' of four inches aper- 
ture, a new instrument devised by Mr. Chandler, 
which seems to be of remarliable accuracy, and 
pronlises to furnish an entirely new and independent 
method of attacking some of the most important 
problems in exact observational astronomy. The in- 
strurnent consists of a telescope and vertical setting- 
circle, which can be clamped at  any zenith-distance, 
and is supported on a rect,angular base which floats 
in a rectangular trough of mercury, the whole turn- 
ing round a vertical axis so as to observe in  any 
azimuth; these observations being simply the times 
of transit of any 1:eavenly body over a system of 
horizontal wires in the field. The observations thus 
far have been entirely upon stars, and all at  the 
apparent zenith-distance of the pole. After some 
very small periodic variations in the zenith-distance 
pointing had been traced to changes of temperature, 

and had been removed by sawing through the wooden 
bottom of the mercury trough, the instrun~ent showed 
an  astonishing constancy in tlris zenith-distance 
pointing, extending over weelts at a time, and far  
exceeding the constancy of the corrections to the 
best fundamental instruments of our observatories. 

A paper was read by Xr. Chandler, upon the colors 
of variable stars. Showing, first, that  most of the 
variables were red, he described some fairly satis- 
factory methods which he  had used to measure the 
degree of redness of all the periodic variables; and 
then, plotting a series of points whose abscissae 
represented the len{lth of the periods, and ordinates 
the degree of redness, their agreement with a curve 
making a very decided a ~ ~ g l e  mith the axis of abscis- 
sae brought out without question the rernarlrable 
law, that, the redder the star, the longer is i t s  period 
of cariability. I n  discussing any theory of variable 
stars, Mr. Chandler pointed out that  Zollner was the 
only one who had thus far talren into account two 
laws already Irnown: viz., l o that they are generally 
~ e d ;2O that  they increase in brightness much more 
rapidly  than they decrease; and now, in ally further 
theory, this new third law must have a place, viz., 
that, the redder they are, the longer is their period. 

Monday's sessiolr opened with a paper by Dr. R. 
S. Ball, astronomer royal of Ireland, upon the 
ruled cubic surface known as the cylindroid, whose 
equation is 

z ( x 2 + 2 / "  -2nnazy = 0. 

Xr. W. S. Auchirrcloss of Philadelphia exhibited 
a balancing-machine for finding the centre of gravity 
of any number of different weights distributed along 
a line, which seemed to be of excellent construction, 
extremely easy and rapid in manipulation, and quite 
sensitive. 111corlriection with a time-scale of three 
hundred and sixty-five days at  one side, i t  was shown 
how rapidly a complicated system of business accounts 
could be settled, arid how it could be applied to various 
engineering problems. 

The next paper mas by Prof. J. H. Gore, of the 
U S. geological survey, upon tlie geodetic work of 
the U. S. coast and geodetic survey. This was a 
long paper, much of it devoted to a historical risume' 
of geodetic work in all countries. The points of 
principal interest brought out were the great advan- 
tages possessed by the United States in its vast ex-
tent of territory, for determining the figure of the 
earth; and the work already done along the coasts, 
and along a chain of triangles from tlle Atlantic to 
the Pacific, was shown on a map. Tlle great accu- 
racy attained, especially in base-measurement, was 
noted, and the great in~provements made in apparatus 
and instrulnenls of the survey. Especially was the 
importance insisted on of a scientific body like the 
American association supporting in every way the in- 
tegrity and unity of this great work. I n  answer to 
questions, Professor Gore stated that the most recent 
improveme11 ts in the base-measuring apparatus were 
the determination of the coefficients of expansion 
for every degree of temperature to which they would 
be exposed; and he expressed his belief tha t  results 
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more accurate still would be attained by immersing 
them in melting ice, so as to keep them a t  a constant 
temperature when in actual use. 

The next paper mas by Mr. J. N. Stockwell of 
Cleveland, upon an analysis of the formula for the 
moon's latitude as affected by the figure of the earth. 
I n  this Rlr. Stocli~vell claimed that Laplace's formula 
for expressing this mas wrong; the question turning 
upon an  approximate integration of a differential 
equation, which he  claimed to show was wrong by 
separating into two terms a single one which ex-
presbed the difference of two effects, which, thus 
evaluated separately, became either indeterminate or 
of an impossible a~nount .  

Prof. J. C. Adams of Cambridge, England, made 
some comments upon Rlr. Stockwell's paper, the au- 
dience eagerly crowding forward that  they niight lose 
none of the interesting discussion. Professor Adams 
spoke in high terms of the general work which Mr. 
Stockwell had done in the difficult subject of the 
lullar theory ;but, from such conclusions and methods 
as those brought forward in this particular case, he 
said he  must express his total dissent. He then, in 
the simple yet forcible manner of a master of mathe- 
matical analysis, pointed out that this equation was, 
to begin with, only an  approximation; that, before it 
could be treated at  all as a rigorous one, many other 
small terms must be i ~ ~ c l u d e d ;  that, further, its inte- 
gration was only an  approximation; and that  in this 
case, ally separation illto terms, which, on a certain 
approximate assuniption, became either indetermi- 
nate or very large, was of no value as a test of the 
equation; that, in the case of ocul:tting elements re- 
ferred to by Mr. Stoclrwell, these in no sense repre- 
sented an  average orbit, but only an instantaneous 
state of ever-varying elements ; and that any integra- 
tion proceeding on the first hypothesis, over a long 
period, would introduce an error increasing with the 
time which would swallow up entlrely the perturba- 
t io~issought. The celebrated astronomer, than whom 
neither England nor the whole continent of Europe 
could have sent one more competeut to advise, then 
closed with a few remarks pregnant with suggestion 
to worliers in the lunar theory, upon the general 
methods to be followed in these long and difficult 
solutions by approziinations. Hearty applause fol- 
lowed; and the animated discussion was brought to  
a good-natured close, Mr. Stockwell still unconvinced, 
hoping that when Professor Adams had given more 
attention to this particular point, he  would come to 
thinli the same of it as Ilimself; and Professor Adams 
(amid much laughter) hoping that day would never 
come. 

I n  Tuesday's session, Professor Orlnond Stone, 
director of the Leander &fcCormicB observatory of 
the University of Virginia, gave an elaborate descrip- 
tion of that observatory now approaching completion, 
and to be devoted ent~re ly  to original research. The 
telescope, which will soon be mounted, is the twin 
in s i ~ e  of the Washington twenty-six inch, and like 
it in most of its details, except the driving-clock, 
which is like that  of the Princetoll twenty-three inch, 
with an auxiliary control by an  outside clock, and 

that i t  has Burnham's micrometer illumination. The 
observatory has a permanent fund of seventy-six 
thousand dollars as a beginning; and eighteen thou- 
sand dollars have been expended in observatory build- 
ings, and eight thousand dollars for the house of the  
director. Situated eight hundred and fifty feet above 
the sea, and on a hill three hundred feet above sur- 
roundings, tlie main building, circular in shape, is 
surmounted by a hemispl~erical dome forty-five feet in 
diameter. The brick walls have a l~ollow air-space, 
with inward ventilation at  bottom and outward at  top. 
Mr. Warner, the builder of the dome, gave an inter- 
esting description of the ingenious method of adjust- 
ing the conical surfaces of the bearing-wheels, so tha t  
they would, without guidance, follow the exact circum- 
ference of the tracks; and then of the adjustment of 
the guide-wheels, so that  the axis of this cone should 
be exactly ~iorlnal  to the circular track. The frame- 
work of the dome consists of thirty-six light steel 
girdels, the two central parallel ones allowing a n  
opening six feet wide. The coverir~g is of galvanized 
iron, each piece fitted iiz situ, and the strength of the  
frame is designed to stand a wind-pressure of a hun- 
dred pounds per square foot. There are three equal 
openings with independent shutters, the first extend- 
ing to the horizon, the  second beyond the zenith, and 
the third so far that  its centre is opposite the division 
between the first and second. The shutters are i n  
double-llalves, opening on horizontal tracks, and con- 
nected by endless chain with compulsory parallel 
motion of the ends. The dome weighs twelve tons 
and a half, and the live-ring one ton arid a half; and 
a tangential pressure of about forty p o u ~ ~ d s ,  or eight 
p o u ~ ~ d son the endless rope, suffices to start it. I f  
this ease of motion continues as the dome grows old, 
it is certainly a remarkable piece of engineering work. 

In  the discussion which followed, Professor Hough 
said that lle should prefer the old style of single open- 
ing extending beyond the zenith. Professor Stone 
could riot agree with Iiim, the greater extent of open- 
ing making it less probable that the dome would have 
to be moved so far in turning from star to star, and 
at  the same time fn rn i sh i~~g  better ventilation, and 
the opportunity for cross-bracil~g adding strength to 
the dome. EIe stated that  he should first take up the 
re-measurement of all the double stars of less than 2" 
distance between O0 and -30°. 

Father Perry, the director of the observatory a t  
Stonyhurst, Eng., gave the result of late researches 
on the solar surface, with special reference to evanes- 
cent spots. No abstract can give any idea of the 
wide range of interesting topics covered in this paper. 
The multitude of ever-changing details to be observed 
on the sun, and the careful record of these which is 
kept at the Stonyhurst observatory, furnished the  
material for a paper replete throughout with new and 
important details, to which nothing but a publication 
in full can do any justice whatever; and it is to be 
hoped that the association will soon give the public 
the opportunity to read it in this way. 

On Wednesday, Mr. Lewis Swift, director of the 
Warner observatory at  Rochester, N.Y., read a paper 
upon the nebulae, in which he  described his method 
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of search for new nebulae, and of simply recording 
their approximate positions by pointing with unillu- 
mirlated cross-wires in the eye-piece, and reading off 
the circles of the instrument, recording with this a 
description of the appearance of the nebula. His 
reason for making no attempt to determine accurate 
positions was that  i t  would require illnminated mi- 
crometer-wires, and a great deal of time devoted to 
measurement with neighboring stars, besides much 
time lost in letting the eye become sensitive again for 
further search or examination after the light was re- 
moved; he stating that his eye was practically 'nebu- 
la blind ' for at  least four minutes after being near a 
light. Since, however, the most of these nebulae are 
probably too faint to bear any illnmination at  all, and 
must therefore be observed for position with ring or 
bar-micrometer, much of this reason loses its force; 
for in this case there would be no loss of time on 
a c c o u ~ ~ tof light, and if in this way Mr. Swift could 
connect each of these new nebulae to some neighbor- 
ing star with the help of chronograph or an assist- 
ant  at  clock or chronometer, aud also re-obscrve the 
known nebulae in the same way, the value of the 
work would be almost immeasurably increased com-
pared with the little additional time and labor neces- 
sary for its accomplishment. As it is, though no one 
will deny the value of a catalogue of even the ap- 
proximate positions and descriptio~ls of very faint 
nebulae, as a contribution to our k~iowledge of their 
number and distribution, and as an aid in coinet-
seeking or identification, yet i t  is fairly open to the 
criticism, that, to be what it should be in the present 
state of astronomical observation, it must all be gone 
over again for determinations of accurate positions. 
One very interesting statement of Mr. Swift, to the 
effect that  there had not been a first-rate dea r  sky 
since the red glows appeared a year ago following the 
Erakatoa explosions, bears out the general experience 
of workers in other observatories, especially those 
who try to see stars near the sun in the daytime. 

An  interesting discussion arose as to the much-dis- 
puted existence of the nebula round the star Xerope 
in the Pleiades; the general drift of it being that the 
nebula 110 donbt existed, but i n  order to see it a clear 
sky was necessary, and a very low power and large 
field, so that  the nebula might be contrasted with 
darker portions of the same field; that a large tele- 
scope was not necessary, in fact the smaller the bet- 
ter, provided the optical qualities were relatively as 
good. Mr. Swift said he could always see i t  under 
favorable conditions; and Mr. E. E. Barnard of Nash- 
ville, Tenn., the discoverer of the latest comet, said 
that before h e  knew of its existence at  all, he picked 
i t  up as a supposed comet. 

On Thursday Professor Adams of Cambridge, Eng., 
read a paper upon the general expressiorl for the 
value of the obliquity of the ecliptic a t  any given 
time, taking into account terms of the second order. 
The difficulties of obtaining a formula for this quan- 
tity, on accou~lt  of the many varying elements upon 
which it depends, were clearly explained by a dia- 
gram, and the results given of an  approximation car- 
ried much further than ever attempted heretofore. 

Professor Harkness, in paying a high compliment 
to the celebrated mathematician and astronomer for 
these laborious and valuable researches, also ex-
pressed a wish that  some of the 12-dimensional-space 
mathematicians would follow the example of Profes- 
sor Adams, and apply some of their superfluous en- 
ergy to the unsolved problems in the solar system, 
which have sorne direct practical bearing. 

Professor Newcomb, in remarliing upon the mass 
of the moon used in this problem, expressed the 
opinion that this could be obtained most accurately 
by observatioils of the sun, in determining the an- 
gular value of the radius of the small circle described 
by the earth about the common centre of gravity of 
earth and moon, since this, in his opinion, seemed to 
be the only constant which could be determined by 
observatio~i absolutely free from systematic errors, 
and hence was capable of an indefinite degree of 
accuracy by accumulated observations; and he asked 
Professor Adams's opinion on this point. 

The latter replied, that  he  thought the quantity 
too small for certain accurate determination, almost 
beyond what conld be actually seen by the eye in the 
instru~nents used. 

Professor Newcomb admitted, in the case of ab-
solute determinations, the general impossibility of 
attemptiug to measure what cannot be seen ; but, in 
the ease of dQf'e~ential or relative determinations in 
which there was no supposed possibility of constant 
or systematic errors, he  advanced the theory, which 
he  had thought of elaborating more fully at some 
time, that  such determinatious might be carried by 
accumulated observations to a sure degree of accu-
racy far beyond what can be seen or nieasured by 
the eye absolutely. 

Professor l d a m s  hoped he would more fully elab- 
orate and publish this idea, since there was in i t  a n  
element well worth careful consideration. 

Professor Harltness doubted the sufficient accuracy 
of meridian observations of the sun, on account of 
the distortions produced by letting the sun shine full 
into the instrument; and spoke of the difficulties in 
the transit-of-Venus observations from this cause. 

Professor Newcornb replied that  he would have to 
show that this would be periodic with reference to 
the moon's quarters in order to affect this constant 
systematically. 

Professor Adams then presented another note upon 
Newton's theory of atn~ospheric reflactiorl, and on 
his method of finding the motion of the moon's 
apogee. H e  described in an exceedingly interesting 
manner how sorne urlpublisbed manuscripts of the 
great geometer bad lately come into his hands a t  
Cambridge, which contained later work than is pub- 
lished in the Principia. Space will not allow a de-
scription of the methods which these papers show 
that Newton employed in attacking, and remarkably 
successfully too, some of the problems mhich still 
trouble astronomers to-day. Photographs of these 
papers were exhibited, showing his wonderful neat- 
ness and precise methods in computation. I t  was 
something of a novelty to those gathered on this 
occasion, to hold in their hands the facsinliles of the 
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handwriting and computations of tliis intellectual 
giant, whose works mill for all time be the greatest 
wonder to him who studies them the most. 

\With the hearty t ha i~ks  of the section lo  Professor 
Adams for his exceediligly interesting commu~iica- 
tioiis, i t  was then adjourned. 

PROCEEDINGS O F  T H E  S E C T I O N  OF 
PEI Y S I C S .  

THE rneeting of the American association was one 
of unasual interest arid iriiportance to the members 
of section B. This is to be attributed not only to tlie 
unusually large attendance of Amel.ican physicists, 
but also to the presence of a number of distiriguisllcd 
lrieti~bers of the British association, who have con-
tributed to the success of the meetings not only by 
presenting papers, but by entering freely into the dis- 
cusaior~s. I n  particular the sectio~l was furt111late in 

in the construction of these gratings. H e  also noted 
that from its homogeneity, fineness of grain, and non- 
liability to tarnish, this specultun-metal is peculiarly 
suitable for constructing fine scales, though its ex-
treme brittlerless is all objecliorl to its use for large 
scales. Professor Rowland stated that  he  proposed to 
constrnct scales on his ruling-engine which would en- 
able tlie physicist at  any time, by purely optical means, 
and without lr~~owirlgthe coefficient of expansion 
of tlie metal or its temperature, to obtain the value of 
the leilgth of the scale in terms of tlie wave-length 
of ally given ray of light. These scales were simply to 
be straight pieces of specnlnm-metal ruled with lines 
just as an ordinary grating, except that the length of 
the lines is to be only about one centimetre, every 
one-l~nrldredtli line being somewhat longer than its 
neighbors: the whole ruled strip is to be one deci- 
metre in length. From .the manner of ruling, it will 
be easy to count the whole number of lines in the 
length of the strip, and then by a simple use of the  
scale as a grating in asnitable spectrometer the whole 

having the presence of Sir William Thoinson, to ~ ~ ~ I ~ o i n  length may be imrrlediately found a t  any t i ~ n e  in terms 
more than to ally one else we owe the sr~ccesqful op- 
eration of the great ocean cables, and wlio stitnds with 
Helinholtz first among living physicists. Whenever 
he  entered any of the dihcussiol~s, all were benefited 
by the cleal.riess and suggestiveness of his rernarlrs. 

Among tlie members of the I3riti.h association who 
were present, alho be ~nentionetl Professor Fitz- 
gel.ald of the Unive~,sity of Drtblin, Profrs~or  Silvarius 
P. Thompson, Air. IW. H. Preece, superilltendel~t of 
the English postal telegraph, Professor Forbes, and 
Professor Schuster of the Cavendish li~boratory. 

Anlong Arnerican pllysicists there mere Professors 
Trowbrid~e,  Itowland, Barker, ;\Iertdenl~all, Hail, 
Hasti~lgs, Eell, Aritiiony, Brackett, Rogers, Picker- 
ing, Cross, and many others. The section was organ- 
ized on Tllursday, Sept. 4, and the operiing address 
delivered by the vice-president, Professor Trombritlge. 
The time devoted to the reading ant1 discussion of 
papcrs was unfortunately nlilcll inf1,inged upon by the 
Electrical conference: yet, corlsiderir~g this serious 
interruption, tlle ~nrmber of interesting discussions 
was unubually large. 

I t  is not to be expected that the elaborate investiga- 
tion of the re la ti or^ of tlie yard to tlle metre, such as 
mas the subject of a paper by Professor William A. 
Rogers, will be of very general interest. Yet to the 
physicist such a comparison, conducted by one who 
has had the long experience of Professor Rogers, is of 
the highest irnporta~~ce in giving accuracy to detertui- 
nations of length. Professor Rogers has given his life 
to perfecting the constructio~i and testi~rg of standards 
of Ie11gt11, and t.he result of t l~ i s  his latest investiga- 
tion is that tlie metre is 30.37027 inches in length. 
One of the most important physical measurements is 
that  of the wave-lei~gth of light of any given degree of 
refrangibility, arid this determillation is best made by 
means of the diffractiorl grating. On accourit of the 
extensive use of tlie lnag~~ificent gratings corlstructed 
by Professor Rowland for this purpose, Professor 
Rogers instituted an investigation to determine the 
coefficient of expansion of tlle speculum-metal used 

of any specified wave-length of light. 
I n  some forms of telephones and in the microphone, 

the action depends on tlie change in resistance of a 
sinall carbon button on being subjected to pressure. 
There has been much discussion as to whether this 
dimi~lution of the resistance with pressure is due to a 
charge in the resistance of the carbon itself, or silllply 
to the better contact made between tlie carbon and 
the metallic condnctor when the pressure is applied. 
Professor RIe~ldenhall has carried out some experi-
ments to determine tlle question; and one of his 
niethods of experimenti~ig-that with the hard car-
bons -appears to  point conclusively in favor of the 
theory that  tlle resistance of the carbon itself is 
altered by pressure. The experiments rnade by him 
on soft carbon are open to criticism, thougl~ they also 
point to tlle change taliirlg glace i n  the carbon. Pro-
fessor RIendenhall finds that the resistarice is llot 
simply pt.oportional to the pressure, and thinks that 
by increasing the pressure a point of r~laxirnu~n con-
ductivity would be reached where there wor~ld be no 
change in resistance for a snlall change in pressure. 

P ~ o f .A. Graham Bell, the inventor of the t,ele-
phone, read a paper giving a possible nletliod of 
commm~ication between ships at  sea. The sim])le 
cxperinlerit tha t  illustrates the met,hod which he  
proposed is as follows: Talre a basin of water, intro- 
duce into it, at  two widely separated poir~ts, the two 
terminals of a battery-circuit which contains a n  in- 
terrupter, making and breaking the circuit very rap- 
idly. Now at two other points touch the water with 
the terrninals of a circuit containing a telephone. 
A sound will be heard, except when tlle two tele- 
phone terrninals touch the \rater at  points where the 
potenti;rl is the same. I11 tliis way the equipotential 
lines can easily be picked out. Now, to apply this 
to the case of a ship at  sea: Suppose one ship to be 
provided with a dynamo-machine generating a pow- 
erful current, and let one terminal enter the water 
at the prow of the ship, and the other be carefully 
insulated, except at  its end, and be trailed behind 


