
inches, the re-action was inhibited altogether. The distance of the 
stimulus as apprehended by the eye, therefore, instead of giving the 
increased motor excitement which me require, rather diminishes 
it, and makes the need for some other explanatiot~ all the more 
imperative. 

It  appears, therefore, that the element needed in consc2iousness 
to explain the facts cited in my former letter is some lrtnd of a 
difference in eensation corresponding to the outgo of the nervous 
current Into the right arm, be it as rague, subconscious, and nn- 
worthy of the name of "memorg" as you p lea~e ;  ltiat is, I stdl 
think that my experiments support the t~aditional doctrine. On 
any other theory, right handedness would have been developed 
independently of effort. J. MARK BALDWIN. 

Toronto, Out., NOT.18. 

Mount St. Elias 

ITis with great reluctance that I return to the subject again, 
but I beg to be permitted two statements in regard to the matter 
recently a subject of discussion between rnjself and Professor 
Heilprin in your colnmas. 

In  the first place, I did not "unfavorably criticise " Professor 
He~lprin's" work in Mexico." I merely pointed out that he as-
signed a weight to the observations which his equipment afforded 
which that cJaes of instrument (viz., a pocket aneroid) is not en- 
titled to, and that the result of such observations (as to the accu- 
racy or inaccuracy of which I raised no question) is not deternii- 
nat~ve wiihin the l i m ~ t s  he assumed. 

Tn the second place, discussion, in order to be profitable, espe- 
cially in such matters as measurements and methods, must be just 
and accurate as well in the representation of an adversary's posi- 
tion as in the statement of one's own. In cases where the mufuaf 
recognition of this obvious truism is impracticable for any reason, 
I feel that ~t is better to cease the discussion, even though it 
leaves me apparent17 worsted in the argument. As a rnatter of 
fact, Professor Heilprin's understanding of the work printed in 
the St. Elias repoi t ('( Coast Survey Repolt for 1875 ") is hopelessly 
inaccurate and confused; and to that report, therefore, I refer 
those who are competent to judge of such matters, and may care 
to possess themselves of the facts in the case. 

WM. H. DALL 
Smithsoniall Iostitutlon, Nov. 26. 

Annular Phase of Venus. 

A N  opportunity of observing an unusual if not remarkable, pile- 
nomenon will soon occur; and I n ish to call the attention of as-
tronomers lo  it, as another opportunity will not present itself until 
after the lapse of eight years. This phenomenon may be cons en- 
iently called the annular phase of the planet Venus, though it 
be produced not by reflected light only. as in the ordindry phases 
of the moon, but partly also by the rrfracttld light of the sun, 
which has passer1 through the planet's atmoqphere This phase I 
unexpectedly IT ltnessed ttventj -four years ago uncler the foliow- 
ing circumstat~ces: -

I desired to observe the prolongations of the cusps of the cres- 
cent of light, mentioned by several writers, and which I after-
wards found had been observed by Plladler in Nag, 1849, and used 
by him to obtain the amount of refraction in the atrnoqphere of 
Venus: but I had not then read his paper on the subject and was 
unacquainted with his formula. 

I t  was well known, that, if Vencls and the earth at  any time 
occupied certain ielative positions in their orbits, they would re-
tnrn very nearly to the same points, after an interval of eight 
years less two and a half days. I t  was also well known that Ve-
nus would transit the northern part of the sun during the forenoon 
of the 9th ot December, 1874 (civil day at Greenwich), and rvouid 
transit the southern part eight years less two and a half dajs  later, 
or during the afternoon hours of the 6th of December, 1882. It 
was therefore evident that it  would pass north of the sun, and 
very near it, eight years less two and a half days before the first 
of these transits, and would approach nearest to the sun about 2 
P.M. (Greenwich time) on the 11th of December, 1866, least dis- 

tance of centres being about 88' of arc. I therefore prepared to 
observe the planet on the forenoon of that day. 

My o\)servations were made in the open air, on the grounds of 
the College of Charleston. with a telescope presented to the college 
many gears ago by William Lucas, Esq. This telescope is a re-
fractor by Troughton & Sirnrns, 5 feet focal length, 32 inches 
aperture, eye pieces used n~agnifging 70 ancl 120 diameters. I so 
placed tny telescope that the apex of the n o ~ t b  gable of the library 
building, 23 j ards distant, screened its object-glaw frorn the rays 
of the sun; and the planet was easily found and distinctly seen 
above the roof of the library, least distance of nearest liu~bs about 
22/. To my surprise, even astonishment, I saw not merely t w o  
cusps prolonged, I-ut the whole circumference con~pletelj~en-
lightened, the disk of the planet surrounded hy a ring of light, 
broadest on the side nearest to the sun, narrower but quite bright 
on the opposite side. To have additional testinlong to this fact, I 
immediately called to witness it Messrs. E. T. Frost and W. St. J. 
Jervey, two students in my aslronorr~ical c~lass. They at  once 
recognized the illuminated circumference, and said that it resem- 
bled in form the annular eclipse of the sun in October, 1865, 
which they had seen in this city in the preceding year. As said 
above, I was at this time unacquainted with hladler's observa- 
tions and formula, and, not having seen any intimation of the 
possibility of such a phenomenon, it took me wholly by surprise. 
I continued to watch the planet from 9 to 11 A.M , when the 
library building ceased to be a~~ai lab le  This interval as a screen. 
includes the instant of nearest approach of centres, which occurred 
about 9.30 A &I.,  Uharleslon mean time. 

As far as I can l ~ a r n ,  the only other persons who saw the phe- 
nonienon at  that time were Professor C. S. Lyniln of New Haven, 
Conn., and a few of his friends. I n  his equatorial of 9-inch aper- 
.ture he saw the annulus or ring on the 10th completely formed; 
hut the line of light on the side farthest frotn the sun was slender, 
faint, and only sren by glimpses. He saw it again on the 12th, 
hut did not attempt to observe it on the l l t h ,  the day of conjunc- 
tion, when I saw it as a brilliant ring of light. He doubtless mould 
bave succeeded perfectly if he had abandoned the equatorial, 
which could not be screened, and used a more portable telescope, 
with some building as a screen. 

I n  1874 I v7atched the placet a t  iritervals fro& the 30tjh of No. 
rrember to t'he 12th of December, the transit taking place on the 
night of the 8th and 9th. Charleston civil time. On the 2d of 
December I saw for the first tirne during this interval the distinct 
prolongation of the cusps, and watched their increase from 2ay to 
day until the 8th, making eye-estimates of the number of degrees 
in the enlightened portion of the circumference, as I had not effi- 
cient means for making nlicrometer observations. On the 8th 
and the 9th I fully expected again to see the annular phase, but 
failed entirely to find tlle planet on both days. There were no 
clouds, a t  least not sufficient to entirely prevent observations, but 
there was a dense haze, and the region near the sun was strongly 
illun~inated. 

At this transit Mr. Lyman was nlore than myself, s~~ccessful 
making good micrometer observations of the enlightened portion 
of the circumference, and seeing distinctly the illunlinated ring on 
the 8th, the day before the transit. On the 9th he was, like my- 
self, wholly ~icsuccessfol in finding the planet, but on t,he Follow- 
ing days continued his micrometer measures. The resulls of these 
observations he published in the American Journal of Sciexce and 
A ~ t sfor January, 1876, with the arilount of refraction in the at- 
mosphere of Venns deduce11 from his observations, and also Mad- 
ler's formula by which it was deduced. 

In December, 1882, the weather was so inf favorable on the day 
of the transit, tlle Gth, and for several days preceding and follow- 
ing, that I made no attempt to observe it  before and after con-
junction, ant1 no accounts of the observations of others have 
reached me; but the scientific periodicals to which I I ~ a s eaccess 
are so few, that it would be unwarrantable to say that none have 
been made. 

The next opportunity for observation will occur eight years less 
two and a half days after the lest transit, that is, on tbe 3d of 
December next, when the least distance of centres will be about 
35', a t  ab0ut~B.30-P.M., Greenwich civil time, As Venus mill, 
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pass south of the sun, it  will not be so easy to use buildings as 
screens in the northern hemisphere, and special nleans nlust be 
devised. The luminous ring will be as bright and conspicuous as 
in 1866. and the first appearance of the prolongation of the cusps 
may be looked for about the 24th of November. 

I t  is now evident that similar opportunities will happen on the 
1st of December, 1898, when least distance of centres will be about 
lo,and about the 28th of November, 1906, when least distmce of 
centres will be about I+*, the planet in both cases south of the 
sun. I n  each case the least distance of centres will be less than 
the limit within which the fornlation of the luminous ring is pos- 
sible, but the duration of the ring will be successively less as the 
least distance between centres becomes greater. No other oppor- 
tunities mill present themselves u n t ~ l  near the end of the next 
century, when they will occur in June. 

Similar opportunities must have occurred in years preceding 
1866; that is, on the 14th of December, 1858, and also on the 16th 
of December, 1850; but it does not appear that either was used. 
This last dzte is only nineteen months after Macller's observations 
in May, 1849; and, if any one pioperly situated as to time had 
endeavorecl to repeat Rladler's observation on the day of conjunc- 
tion, he would almost certainly have seen the luminous ring. 

LEWISR. GIBBES. 
Charleston, S.C., Nov. 13. 

A Problem in Physics. 

A N  ex~erimentwas tried by Joule nearly fifty years ago which 
has attained a world-wide reputation, and ~vhich has crept into 
nearly every text-book of physics. The cornnlonly accepted in- 
terpretation of it, however, would eeem not entirely satisfactory. 
I will quote from Tait's description of the experiment. 

" Joule took a strong vessel containing compressed air. and con- 
nected it with another equal vessel which was exhausted of air. 
These two vessels were immersed each in a tar~lr of water. After 
the water in the tanks had been stirred carefully, . . . a stop- 
cock in the pipe connecting the two vessels was suddenly opened. 
The compressed air immediately began to rush violently into the 
empty vessei, and continued to do so till the pressure became the 
same in both; and the result was, as every one might have ex- 
pected, that the vessel from which the air had been forcibly extruded 
fell in temperature in consequence of that operation. I t  had ex- 
pended some of its energy in forcing the air into the other vessel; 
but that air, being violently forced into tlle other vessel, impinged 
against the sides of that vessel, and thus the enelgy wit11 w h ~ c h  it  
mas forced in through the tap was again converted into heat. 
On ~ t i r r ing  the water round these vessels, after the transmihsion 
of air had been completed and the stop-cock closed, Joule found 
that the number of units of heat lost by the vessel and the water 
on the one side was almost precisely equal to the quantity of heat 
which had been gained on the other side." Tyndall gives the fol- 
lowing (let 3represent the vessel in which the air was compressed 
to 22 atmospheres, and A the ~esse l  which was exhausted): -

"Now, the air, in driving its own particles out of 3, per-
forms work, . . . and the air which remains in B nzust be 
chilled. The particles of air enter A with a certain velocity, to 
generate which the heat of the alr in B has been sacrificed; 
hut they immediately strike against the interior surface of 
A, their motion of translation is annihilated, and the exact quan- 
tity of heat lost by B appears in A. The contents of A and B 
mixed together give air of the original temperature. There is 
no work performed, and there is no loss of heat." Tyndall gives 
a n  illustration of a cylinder having a piston in the centre, and the 
space above Lhe piston a vacuum. Suppose the air below the 
piston is heated up from OQ to 273O C. "If the pressure were 
removed, the air would expand, and fill the cylinder. The lower 
portion of the column would thereby be chilled, but the upper 
portion would be heated ; and, mixing both portions together, we 
should hsve the whole column at  a temperatuie of 273O. In  this 
case we raise the temperature of the gas from O0 to 273O, and 
afterward allow it  to double its volunle. The temperatures of the 
gas a t  the beginning and a t  the end are the same as when the 
gas expands against a constant pressure, or lifts a constant weight; 

but the absolute quantity of heat in the latter case is 1,421times 
that employed In the former, because, in  the one case, the gas 
performs mechanical worlr, and in the other not." 

The following quotation is from Balfour Stewart, and bears 
upon this question: -

"The prevalent idea is, that when air expands it becomes 
colder, and that when condensed it becomes hotter; but Joule, by 
experiment, has shown that no appreciable change of temperature 
occurs when air is allowed to expand in such a manner as not to 
de\elop mechanical power. It foilows as an inference, that, 
when air is conlpressed, the rise of temperature is scarcely at  all 
due to the mere diminution of the distance between the particles, 
but almost entirely to tlle mechanical effect which must be spent 
on the air before this condensation can be produced." 

A final quotation is taken from Ganot's ' *Phgsics: "-
" A  strong metal box is taken, provided with a stop-cock, on 

which can be screwed a small condensing-pump. Having com- 
pressed the air by its means as it become2 heated by this process, 
the box is allowed to stand for some time, until it has acquired 
the temperature of the surrounding medium. On opening the 
stop cock, the air rushes out; it is expelled by the expansive force 
of the internal air : in short, the air drives itself out Work is 
therefore performed by the air, and there should be a disappear- 
ance of heat; and, if the jet of air be allowed to strike against a 
thermopile, the galvanometer is deflected, and the direction of its 
clrflectiori indicates a cooling. . . . Joule placed in a calorimeter 
two equal copper reservoirs, which could be connected by a tube. 
One of these contained air at 22 atmospheres; the other was ex- 
hausted. When they mere connected, they came into equilibrium 
under a pressure of 11 atnlospheres; but, as the gas in expanding 
hacl done no work, there was no alteration in temperature." 

I have given these quotations rather freely from standard 
authors, in order to present the problem as clearly as possible. 
In order toarriveat just the action taking place in this experiment, 
it seems to me a phenomenon first described by Faraday in 1827 
sllould be mentioned. Gas compressed to 30 atmospheres was 
allowed to suddenly enter a cylinder 30 feet long, in \vhich the 
gas was at  atmospheric pressure p~esnmablg. I t  was found, that, 
where the gas rnshed in, the cylinder was much cooled, while at  
the other end it was heated. I t  would seem that in this case the 
heating was not produced by the part~cles of gas impinging upon 
the end of the cylinder. If a piston were placed in front of the 
expanding gas, the whole of the gas on the other side of the piston 
would be conlpressed and heated. If, now, instead of a piston, 
we open a stop cock a t  the end of the cylinder, the gas would 
stream in and compress that already there, and heat i t ;  but the 
gas, expanding violently as it enters, would be much cooled, and 
this would more than counteract tbe heating where it  enters. 
Thus the farther end would show a heating. while the end a t  the 
orifice would show a cooling as ohserved. Have we not precisely 
analogous phenomena in Joule's experiment? For a very small 
fraction of a second (perhaps .0@01) after the stopcock was 
opened, there would be a partial vacuum in A, into which the air 
streams; but after that the particles would not impinge upon the 
sides of A ,  but would hare their velocity diminished and finally 
overcome by striking other particles. In  imparting this velocity, 
the particles in B would be slightly chilled. The air, instreaming 
out of 3 ,  would be cooled by expansion after a n  instant, and 
would serve to cool the end of A near the orifice, as we have just 
seen; also the chilled particles in B would stream into A, and thus 
cool it  still more. W h a t e ~ e r  may be the action in these vessels, 
i t  is certain that the final heating in 8, and cooling in B, mould 
be exceedingly sli ht as shown by Joule's experiment, thouglt i t  9
does not seen? that the popular explanation is entirely correct. 

It  seems to me this question of the action of air in Joule's two 
vessels is an intensely interesting one. The conclusion that the 
chill~ngof the air in the vessel due to  the work of imparting a 
velocity to its particles is very slight, corroborates in a marked 
manner the experiments tried by the present writer, in which he 
found a cooling of fonr degrees, while the dgnamical coolmg 
should have been ten tinies greater. The quotation from Ganot 
shows precisely an analogous case. H. A. HAZEN. 

Washington, Nov. 17. 


